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PREFACE. 


THE work now presented to the public, in its complete . form, will, it is presumed, recom- 
mend itself to general attention, as well from its novelty as from the importance of the subjects 
of which it treats. Of all the numerous Dictionaries of Arts and Sciences published in this 
country, there is no one that bears any resemblance to “ the Circle of the Mechanical Arts,” 

In France, indeed, there hare been works of the same kind, but they are all executed on toQ 
large a scale to become generally useful ; and, by their price, they are necessarily confined to 
the libraries of the rich, or to the repositories of the learned, which have been founded and 
maintained at the public expense. Those for whom such works are chiefly adapted, can 
rarely obtain even a sight of them, and they are thus almost entirely destitute of that utility in 
improving the arts and manufactures, for which they were naturally designed. Hence has 
arisen the difficulty and those obstacles which the editor of this volume has met with in seeking 
information on tffe various topics that have come under discussion. In almost all instances he 
has found persons engaged in trade extremely unwilling to communicate the processes and 
manipulations which distinguish their several arts ; and, in the course of his inquiries, he 
had frequently to regret that those who were most disposed to afford him assistance were, 
from want of all literary habits and practice, utterly incapable of rendering him that aid 
which he could have hoped for by the communication of their ideas in writing. Many 
persons refused him help lest they sliould be thought to betray the secrets of their trade, and 
others were equally reluctant to enter into the nature of their profession, fearing that a free 
communication of their own thoughts would expose their ignorance of its principles, or 
would prove that its excellence did not depend upon any thing secret* or that could be 
concealed. 

* 

Without, however, troubling the reader with a further enumeration of the difficulties 
which have beset the editor in his pursuits, and impeded his progress in the attainment of 

. a practical 
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practical knowledge, he will proceed briefly to state some peculiar features of the work 
which he has, notwithstanding the hinderances thrown in his way, at length, accomplished. 

The “ Mechanical Exercises,” published by Moxon, more than a century ago, have become 
exceedingly scarce : in some respects, it has been the wish of the editor of the “ Circle” to 
follow the example set him by his precursor, yot he has been ambitious of surpassing him in 
the extent and variety ot information contained in his book. Mr. Moxon treated almost 
exclusively of the arts and trades connected with building ; the editor of the Circle, disdaining 
so limited a plan, has taken a much more extensive range, and'incloded, in his work, practical 
treatises on a great variety of other manual arts, trades, and manufactures. 

The attention of the reader is particularly directed to the long and elaborate article on 
Carpentry, which forms so large a* proportion of the volume, and which, it is presumed, 
will be found the most complete treatise ever published on the subject No expense has been 
spared to illustrate this article by numerous engravings. The other articles connected with 
building, via., Sawing and Planing, Br iot-making and B a rex-laying, Slating, Plas- 
tering, Plumbing, Painting and Glazino; and Turning, which is. common, to 
ma ny branches of trade, will be found under their respective heads ; as well as tbe more 
general treatises of Architecture, and Masonry. 

t; 

Among the useful and important manipulations common to every individual, as well as to 
people in distinct trades, will be found, ra tbe alphabetical order, Baking and Brewing; 
with such. rules and recipes as will shew that the convenience of private families have been 
consulted equally with the interests of those who manufacture on * large scale for the 
public. 

In the arts connected with, or depending upon, or, at least, which are materially benefited 
by the principles of modem Chemistry, may he mentioned, Dyeing, and HAT-making; 
GLASs-making; Pottery, including tbe manufacture of Poecelain; Soa p - making ; 
STANGH-making, and Tanning; also REOTiriGATiON and Distillation, both included 
under the former term. 

Of the manufactures carried on to a vast extent in several of the large towns in the northern 
parts of England, as Manchester, Sheffield, and Birmingham, tbe reader may be referred to 

Cotton- 
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Coir ON-manufactnra arid Weaving; BuxTON-making, and Cut lerV; to the manu- 
facture of Files and Nails, and to Wl ainrirawing. To these may be added, the manufacture 
of Guns and Shot, which trades are carried on upon an extensive scale at Birmingbam f 
though the best warranted guns are said to be the production of London workmen, to one of 
whom, eminent in his profession, the editor, as has been acknowledged in the article, is 
indebted' for the facts contained in his account of the business. 

• 

Ship-building was reckoned too extensive an article for a work to be Comprised in a single 
volume, and has been omitted; nevertheless, the manufacture of Blocks and ROvzs, connected 
with it, has been rather fully treated of. 

The trades, on which the literature of the country depends, will be found in their respective 
places, as PAPER-making; Printing, By moveable letters, and on the stereotype plan; and 
Boor-binding : to these may be added another branch of business, not indeed connected with 
books, but of which paper is the staple commodity, viz., Stain ino of Paper, chiefly used in 
the decoration of our apartments. Hence we have been led to treat of other branches of 
business not absolutely necessary to the convenience of life, but which are found in every 
stage of improved society, such' are CoAOH-making, with which is allied the Wheelwright ; 
Enamelling; Carving,* and Gilding; GoLD-beating ; Japanning; EnGravinc, 
and the Staining of Glass, found under the articles Glass and Glazing. 

T6 the public it was a matter of importance that x full article should be given on Watch 
and CLOCK-making ; this has been done, including a description of all the tools used in 
the art, and of the facts which led to the invention, and of the principles on which these 
useful instruments depend. 

The Cooper, the CoMB-maker, the Currier, and the Bask ET- maker, will perceive that 
considerable pains have been taken to collect and diffuse information respecting the trades 
which they practise, and which are exceedingly useful in domestic life ; some, indeed, not 
only on their own account, but for the aid which they afford to other manufacturers. 


* Bjr mistake, a figure is referred to in this article, which was not intended to be engraved ; and in the article Bridges, 
page 41, references are erroneously made to Plate II, which was not necessary to illustrate the subject. 

To 
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To the article Engineering, we may call the attention of our readers, being, if we mistake 
not, wholly omitted in Cyclopedias; and, as connected, in some measure with it, we may 
point out Mining ; and Founding, ip all its different branches, from the grosser metals to 
the coining of gold and silver money. 

As the Mechanical Arts depend much upon the principles of Geometry, we have, by 
way of Appendix, given a treatise on the practical parts of that science. 

Upon the whole, we may recommend the Circle of the Mechanical Arts to persons of 
various classes and ranks in life; as to Gentlemen who are fond of mechanical pursuits, 
or, who, for amusement, superintend the works going on upon their own estates, or, who 
wish to be informed of the manufactures established in their own neighbourhood, or which 
they may meet with in their travels. It will likewise be found extremely useful to persons 
engaged in trade; to youths apprenticed to learn the arts described; as well as to practical 
mechanics in general. 

Finally, the editor throws, himself upon, the .candour of the public j he does not presume 
that he has performed all that every'reader will expect to End, but he is confident that much is 
done, and that the favour which he has experienced during the publication of his work is 
separate parts, will be augmented. now the publication is completed. 

It was originally intended to have given a Second Part , chiefly as a Dictionary of 
Terms, assimilating itself to other. Dictionaries ; but, at the desire of many of his subscribers, 
the Editor: has confined the work to its present extent. 

London, 

March 25, 1813. 
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ARCHITECTURE. 


Architecture is the art of planning and 
erecting buildings of any kind, as churches, palaces, 
temples, dwelling-houses, bridges, &c. 

It has been too generally imagined, that the study 
of Architecture is of little or no use to any persons, 
but those who are immediately concerned in build- 
ing; nothing, however, can be more erroneous than 
such an idea, as there is scarcely any profession in 
which it is not, directly or indirectly, of the great- 
est importance. The knowledge of its beautiful 
proportions and ornaments, has given to many 
of the articles manufactured in this country a 
great superiority over those of any other nation. 
The proper application of its ornaments, aided by 
chemistry, enabled our ingenious countryman, Mr. 
Wedgwood, to carry the porcelain manufacture to a 
perfection and elegance, till then unknown in 
Europe; affording a sufficient proof, if proof were 
wanting, of the utility this art may be of in pro- 
fessions at first sight wholly unconnected with it. The 
smith, the cabinet-maker, the turner, the founder, 
and in short every workman who has to give form 
to rude materials, will find it highly advantageous to 
devote a portion of bis time to the acquirement of 
this sublime and useful art. 

It being our intention in the present work to treat 
only of the practical part of the arts, it will not be 
necessary for us to enter largely into the history of 
Architecture. We shall content ourselves, there- 
fore, with pointing out such circumstances as w ill 
account, in some measure, for the origin of, and the 
striking peculiarities which mark the different or- 


ders. It is a very natural supposition, that in cli- 
mates, where rain seldom falls, it is unnecessaiw to 
guard so carefully against the Inconveniences which 
attend exposure to the atmosphere, as in those 
more subject to wet. The primitive habitations, 
therefore, it is probable, were constructed with flat 
roofs, which were nothing more than poles laid from 
one tree to another, and covered with such materials 
as nature most readily presented, as brushwood, 
turf, leaves, or grass ; these affording a sufficient 
protection in those delightful climates, where 
Architecture first had its origin. As populations 
increased, and agriculture improved, it became 
necessary for the inhabitants of woods to seek situa- 
tions in the open country, more favourable to 
their occupations; hence other means for construct- 
ing habitations became necessaiy, and men find- 
ing the advantages of living in society, began to 
erect habitations of stone. These improvements 
being but gradual refinements on their rude huts, 
carried with them a portion of the character, 
which necessity, or rather convenience, first sug- 
gested. We may, therefore, conclude that the 
trunks oftrees, set "upright at proper distances, first 
gave the idea of a range of columns; whilst the 
bands or rings placed round them to prevent them 
from splitting, and a flat stone at the top and bot- 
tom to cany off the rain, and to give them a more 
solid bearing, may sufficiently account for the origin 
of the capital and base. The materials which con- 
stituted tne covering, and Which it is probable pro- 
jected, and were laid on of a considerable thickness,. 

B bear- 
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bear some resemblance to the entablature. The origin 
of the pediment is more obvious, having nearly 
the same offices assigned to it as gave it birth, name- 
ly, the angular or rising roof. 

These observations on the origin of the column 
and entablature, are made with a view that all those 
who study architecture, may know the uses for 
which the different parts were originally intend- 
ed. Though many of these have ceased to be neces- 
sary from the various improvements in the art, and 
others are so ornamented as to conceal their original 
design — it must never be lost sight of, that each 
member had originally its uses, which will prevent 
errore by the indiscriminate misapplication of them. 

Most persons who have written on architecture, 
agree that the Greeks had their first ideas respect- 
ing it from the Egyptians. The latter, long before 
it was practised with any thing like order in Greece, 
had made considerable progress towards its perfec- 
tion; but, though their works were grand, they 
were deficient in delicacy and taste. It was reserved 
for the Greeks to impart to this art elegance and 
symmetry, and to unite w ith these comfort and con- 
venience. What we have said respecting the origin 
of Grecian architecture, may account for the pecu- 
liar character of the Arabian, Chinese, and what 
is commonly called Gothic. The last is the com- 
mon appellation by which the architecture of the 
middle ages, is known. In the Arabian mosque, we 
cannot but see the strong resemblance it bears to a 
number 'of small bell tents, encircling a larger one. 
The caravansary is a court surrounded by small tents, 
each having its own dome, to which the Greek church 
of St. Sophia, at Constantinople bears a striking simi- 
litude. The Chinese architecture appears to be de- 
rived from the construction of wooden buildings ; 
and Sir George Staunton informs us, that the roofs 
are of the same shape as the cover of a square tent. 
Thus we may trace the different stiles of architecture 
to the formation of primitive huts; which were con- 
structed so as best to afford the purposes of shelter 
or shade, as the climate in which they were erected 
demanded ; and of the most abundant and best calcu- 
lated materials to answer these ends. We must 
therefore look to these sources, if we wish to obtain 
a just idea of the origin of stiles, differing so widely 
from each other. 

The architects who built most of tlie cathedrals in 
Europe, departed from the stile of Greece and 
Rome, and introduced another, in which arcades 
made the principal feature. Not finding in every 
place quarries, from which blocks could be raised of 
sufficient size for forming the far projecting cornices 
of the Greek orders, they relinquished these propor- 
tions, and adopted a style of ornament which did not 
require such projections. By substituting arches for 
the horizontal architrave or lintel, they were able to 
erect buildings of a vast extent, and with spacious 
openings, using only small pieces of stone. The 
fora* adopted for a Christian temple occasioned many 


intersections of vaultings, and multiplied the arches 
exceedingly. Constant practice afforded opportu- 
nities of giving all possible variety to these intersec- 
tions, and taught tne art of ballancing arch against 
arch in every situation. In process of time arches 
became principal ornaments, and a wall or a ceiling 
was not thought properly decorated, until it was 
filled with mock arches, crossing and cutting each 
other in eveiy direction. 

We call the middle ages rude and barbarous, and 
give to their style of Architecture the appellation of 
Gothic ; but there was surely much knowledge in 
architects, who could execute such magnificent and 
difficult works ?s they have left us. More appro- 
priate appellations for these species of Architecture, 
would be Saxon and Norman , so far as relates to 
buildings of this kind in Britain ; the Saxon being dis- 
tinguished by the circular, and the Norman by the 
pointed arch; for, under the guidance of these re- 
spective nations, each kind displayed its grandeur 
and peculiarites in the greatest perfection. The ar- 
chitects of w hom we now speak, do not appear to 
have studied the theory of equilibria ted arclies. 
For a long period, they adopted an arch which w as 
very strong, and permitted considerable irregularities 
of pressure, namely, the pointed arch. The very deep 
mouldings with which this arch was ornamented, 
made the arch-stones veiy long in proportion to the 
span of the arch. They had, however, studied with 
great care the mutual thrust of arches on each other ; 
and they contrived that every invention for this pur- 
pose should become an ornament, as well as a neces- 
sary part of the building. Thus we frequently see .. 
small buildings having buttresses on the sides. These 
buttresses are necessary in a large vaulted building, for 
withstanding the outward pressure of the vaulting; 
but they are useless when there is a flat ceiling. 
Pinnacles on the heads of buttresses are now con- 
sidered as ornaments ; but, originally, they were . 
put there to increase the weight of the buttresses. 
Even the great tower in the centre of a cathedral, 
which now constitutes its chief ornament, is $ load 
almost indispensably necessary, for enabling the , 
four principal columns to withstand the combined 
thrusts of the aisles, the naves, ami the transepts. 
In short, tlie more closely we examine the ornaments 
of this style of Architecture, the more shall we per- 
ceive that they are esseutial parts; and the more we 
consider the w hole style, the more clearly shall we 
I see, that it is all deduced from tlie relish for arcades 
, indulged to extremes, and pushed to the utmost limit 
of possibility in the execution. This pure Gothic 
was followeu by a middle stile, in which the Grecian . 
and Gothic were blended together. Although the 
Grecian did not become prevalent in England, until 
the time of Inigo Jones, yet there existed some speci- 
mens of it long prior to his day. Perhaps the 
earliest was Somerset-house, in the Strand, built in 
1549. Towards the end of the 15th and beginning 
. of the 16th centuries, learning and the chaste architec- . 
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tiira of the Greeks and Romans began to revive; It 
first dawned in Italy ; and its revival may be attributed 
to the remains of those magnificent structures which 
were to be found in that country. From thence an 
improved method of building was gradually intro- 
duced into all parts of Europe; and although the 
Italians for a long time retained the superiority over 
the other European nations as architects, yet as men 
of genius from all quarters constantly visited Italy, 
for the purpose of improvement in this, as well as in 
the other arts, they were in the course of time equal- 
led, if not surpassed, by the architects of other na- 
tions, and even by those of our own country. 

The orders as now executed by architects, are five, 
viz. the Tuscan, the Doric, the Ionic, the ( or in th inn, i 
and the ('omposite, which are distinguished from i 
each other by the column, with its base and capital, 
and by the entablature. The Tuscan and Composite 
orders are rejected by many, because they differ but ! 
little from the other three, either in their ornaments, 
or in the offices assigned to them. The -Tuscan re- 
sembling the Doric, deprived of some of its mould- 
ings; and the Composite differing from the Corin- 
thian only, by the introduction of the Iouic volute into 
its capital. The Tuscan order is characterized by its 
plain and robust appearance ; and is, therefore, used 
only in works where strength and plainess are w ant- 
ed; it has been introduced with great effect and taste 
in that durable monument of ancient grandeur, the 
Column of Trajan, at Rome. Indeed, general 
consent lias established its proportions, for such 
purposes, to be beyond all the other orders. The i 
Doric possesses nearly the same character for 
strength as the Tuscan, but it is enlivened by its 
peculiar ornaments, the triglyph, intitules, and gutt® 
or drops, under the triglyph ; these decorations 
characterize the Doric order, and in part are insepa- 
rable from it. Its proportions recommend it where 
united strength and grandeur are required. The 
Ionic partakes of more delicacy than either of the 
former, and is on that account as well as on account 
of its origin, called feminine, and not improperly 
supposed to have a matronly appearance. It is com- 
posed of a medium between the masculine strength 
of the Tuscan and Doric, and theslenderness of the 
Corinthian. The boldness of the capital, w ith the 
lieauty of the shaft, makes it eligible for porticos, 
frontispieces, entrances to houses, See, Dentiles 
w ere at first added to the cornice of this order. The 
Corinlhian possesses more delicacy and ornament 
than either of the other orders; the beauty and 
richness of the capital, and the delicacy of the sligft, 
render it the most suitable in those edifices where 
magnificence and elegance are required. On this 
account it is frequently used for the internal decora- 
tion of large state rooms, in w hich it has a chaste 
appearance, though at the same time beautiful and 
superb. The Composite order is the same as the 
Corinthian in its proportions ; and these tw o orders arc 
nearly alike in their ornaments. The addition of the 


S 

modem Ionic volute to the capital, gives it a bolder 
projection. It is applicable in the same manner, and 
in the same cases as the Corinthian. 

General principles o f Architecture, When about 
to build, choice of situation is the first thing to be 
considered. For dwelling houses, a spot should, if 
possible, be chosen sufficiently elevated to be free 
from damps and noxious vapours, and at the same 
time sheltered from the severity of winter. The 
neighbourhood of fens, and stagnate waters, should 
always be avoided. It should be a spot where water 
can be conveniently procured ; where drains may be 
made with facility and with a proper fall; and where 
the principal apartments may have the advantage of 
southern and western aspects. The nature of the 
soil should likew ise lx? examined, either bv means of 
borers or by sinking holes, in order to ascertain if a 
firm foundation can be had. Stony or gravelly soils 
generally afford the best foundation; yet these are 
sometimes deceitful, for underneath, layers of grave), 
large cavities, or earth of a loose and hollow sub- 
stance, have frequently been found. In order to de- 
tect such deceptions, a celebrated Italian architect 
has recommended that great weights should be for- 
cibly thrown on the ground, so that by attentively 
listening to the sound, some idea may be formed of 
its firmness or hollow ness. A foundation of sand is 
proverbially bad; marshy, rotten, or boggy ground is 
eoually insecure, and can only be built upon by 
piling, planking, laying large ledges, &c. In build- 
ing near the water, great care should be taken to' 
ascertain the depth of the soil to the very bottom ; 
and this caution should likewise be well attend- 
ed to, when the ground has been wrought or 
dug before, or when it has been lately formed by 
accumulated earth or rubbish. 

The situation being chosen, the attention of the 
architect should next be directed to the form of the 
proposed edifice, together with the arrangement ot 
the different apartments it is intended to contain. A 
plan should be made with an elevation of each front, 
and also tw o or more sections. If the building be a 
considerable one, it would be advisable to have a 
perfect model formed with all its minute parts; and 
that the judgment may not be prejudiced, the model 
should be made plain, without colours or other 
beautifying. As the number and distribution of the 
rooms must depend on the establishment, and mode 
of living of the employer, the follow ing observations 
can only be considered as general hints. Utility and 
external appearance should, undoubtedlv, as far as 
possible, be combined; but in dwelling houses, very 
little of the former should be sacrificed to the latter. 
It is generally desirable to divide the principal front 
into three parts; a centre, and two wings. The centre 
should not appear of too great a magnitude for the 
wings, nor the wings too magnificent for the centre. 
The parts should bear a pleasing proportion to each 
other, both when separately considered, and unitedly. 
A pyramidical form generally produces a happy 
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effect; but the choice of the external appearance 
must depend much on the situation, adjacent scenery 
See. Sec. Boldness and simplicity should be distin- 
guished from heaviness or poverty; lightness and 
elegance from frippery and whimsicality. Buildings 
intended solely for utility, ought in every part to cor- 
respond precisely with that intention. The least 
deviation from use, though contributing to ornament, 
will be disagreeable; for every work of use being 
considered as a mean to an end, its perfection as a 
mean is the most important consideration, and every 
tiling in opposition to that, is to be neglected 
as improper. On the other hand, in buildings in- 
tended solely for ornament, as columns, obelisks, 
triumphal arches, &c. beauty alone ought to be re- 
garded. The principal difficulty in architecture lies 
in combining use and ornament. In order to accom- 
plish these ends, different and even opposite means 
must be employed, and this is the reason why 
they are so seldom seen united in a due degree. 
Hence, in all buildings, the only practicable method 
is to prefer utility or ornament, according to its 
character; in palaces, and such buildings as admit 
of a variety of useful contrivances, regularity ought 
to be preferred; but in dwelling houses that are too 
small for variety of contrivance, utility ought to 
prevail; regularity being neglected as far as it 
stands opposed to convenience. 

The proportions of doors are determined by the 
uses for which they are designed. The door of a 
dwelling house, which ought to correspond to the 
human size, is confined to seven or eight feet in 
height, and three or four in breadth. Doors of en- 
t ranee vary in their dimensions according to the 
height of the story, or according to the magnitude of 
the building, in which they are placed. In private 
houses, four feet may be the greatest w idth, and in t 
general three feet will be sufficient, except under | 
some peculiar circumstances. A good proportion for j| 
doors is that in which their dimensions are in the i| 
ratio of three to seven, in small door-, and one to I 
two in large doors. Double doors, v ; h sufficient '! 
room lieHveen to allow of the one being shut before > 
the other is opened, will contribute much to keep ! 
up an equal temperature through the house, especial- I 
Iv where the lobby is warmed by a stove. In the 
entrance doors of public edifices, where there is a 
frequent ingress ana egress of a multitude of people, 
f heir w idth may be from six to twelve feet. Inside 
doors should in some measure, be regulated by the ! 
height of the stories; this, however, has its limit, as I 
there is a certain dimension w hich ought not to be 
exceeded, for the difficulty of shutting the door will | 
be increased by its weight; therefore doors for pri- j 
vate edifices, which are intended to be shut with one j 
close, should never exceed three feet six inches in 
breadth. In palaces, and in the houses of noblemen, 
where much company resort, all the doors are fre- 
quently thrown open; these may lie much larger 
than those of inferior edifices; and their width may 


be from four to six feet. In modern houses, it is* 
common to have large folding doors for throwing two 
rooms into one; in such cases, the proportion of the 
aperture w r ill often be of a less height than that of 
twice the breadth, as the doors in tlie same story are 
generally one height throughout. The lintels of 
doors should range with those of the windows, and 
their breadth should never be less than that of the 
window s. Jn the fourth book of Vitruvius, rules 
are laid down for Doric, Ionic, and Attic doors, alL 
of which have their apertures narrower at the top 
than at the bottom, in conformity to those which are 
seen in the ruins of ancient Greek and Roman edi- 
fices; as in the temple of Minerva Polias, at Athens, 
and the temple of Vesta at Tivoli. Doors of this 
form have the property of shutting themselves, which 
reason, probably, occasioned their invention ; they 
have been introduced by a few modern archi- 
tects, particularly Mr. Soane, in the Bank of Eng- 
land. As to the situation of the principal entrance,, 
it is evident that the door should l>e in the middle, 
as it will not only contribute better to symmetry, but 
will communicate more readily with all the other 
parts of the building. Where the internal arrange- 
ment of the rooms is in jured by the door being in 
the center of the front, a blank door or window , 
having the appearance of a door, should be substi- 
tuted, and the entrance made where it is more con- 
venient The apertures of exterior doors in blank ar- 
cades, are generally placqd at the same height as the 
springing of the arch ; or if they have dressings, the 
top of the dressing, whether it lie the architrave or 
cornice, is generally placed on the same level w ith 
the impost. The most common method of adorning 
the aperture of a door is with an architrave sur- 
rounding it ; or w ith a cornice surmounting the 
architrave; or with a complete entablature. Some- 
times console's are introduced, flanking the architrave 
jambs, and sustaining the ends of the cornice. Some- 
times the architrave jambs a re flanked w ith pilas- 
ters of the orders, or of some analogical form, in 
which case, the projections of their bases and capitals 
are always less than that of the surrounding archi- 
trave; and the architrave over the capitals of the 
pilasters is the same w ith that of the head of the door. 
Sometimes the door is adorned with one of the five 
orders. The entrance doors of grand houses are fre- 
quently adorned with porticos, after the manner of 
Grecian temples. 

With regard to windows, the first considerations 
are their number and their size* They must be so ar- 
ranged, as to admit neither more nor less light than 
may be requisite. In the determination of this sub- 
ject, regard must be had to the climate, the aspect, 
the extent, the elevation of the building, and its des- 
tination, and al*o to the thickness ot the walls in 
which the windows are to be placed; on this circum- 
stance will partly depend the greater or less quan- 
tity of light that will l>e admitted. Where the 
walls are thick, as they commonly are in stone 

buildings,, 
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buildings, the windows should have a considerable 
splay on the inside, which will admit almost as 
much light, as if the windows were externally of the 
same size with the increased internal dimensions. 

Sky lights are sometimes used to light stair-cases, 
but unless they are made with great care, they arc 
very subject to leak, in a country like ours where so 
much rain and snow falls ; w hen they are introduced 
for stall's, they ought to be double, w ith a large 
space between; otherwise they contribute greatly 
to render houses colder, because they form uneasy 
communications between the int?rnal w^irm, and the 
external cold air. In hot countries, w r here the sun 
is seldom clouded, and where its rays dart more in- 
tensely upon the earth, the light is stronger than in 
those which are temperate or cold; therefore, a 
smaller quantity of it will suffice, and more than a 
sufficiency should not be admitted, as the conse- 
quence would be the admission of heat. The 
same happens in respect to a southern aspect, which 
receives more heat, and consequently more light, 
than a northern, or even an eastern or western one. 
A large lofty space requires a greater quantity of 
light then one circumscribed in its dimensions; and 
art demands, that the quantity introduced should be 
so regulated, that it may excite gay, cheerful, or 
solemn sensations, in the mind of a spectator, ac- 
cording to the nature and purposes for which the 
structure is intended.* 

Wherever sun-shine predominates, light must 
be admitted and distributed with caution, lor w'here 
there is an excess of light, the heat becomes dread- 
fullv incommodious to the inhabitant, and in- 
jurious to the furniture. In Italy, and some other 
hot countries, although the windows in general are 
less than ours, their apartments cannot be made 
habitable, but by keeping the window shutters al- 
most closed, while the sun appears above the 
horizon. But in regions where clouds prevail eight 
months in the year, it will always be right to admit 
a sufficiency of light, to counteract the gloom of wet 
and cloudy seasons, and have recourse to blinds or 
shutters whenever the appearance of the sun renders 
it too abundant. 

The proportions for the apertures of windows 
depend upon their situation. Their width in all 
the stories must be the same; but the different 
heights of the apartments, make it necessaiy to vary 
the height of the windows likewise. In the prin- 
cipal floor it may be from two and one eighth of the 
width, to two and one third, accordingly as the rooms 
have more or less elevation. In the ground story, 
where the apartments are lower, the apertures of 
the windows seldom exceed a double square, and 


• We cannot but regret the influence the window tax has on the 
appearance of most of our modem houses ; which are not only les- 
beautiful, but for want of a sufficient number of these necessar\ 
apertures, are rendered less comfortable and healthy to the persons 
inhabiting them. 


when they are in a rustic basement, they are fre- 
uently made much lower. The height of the w ill- 
ows of the second floor may be from one and a half 
of their width, to one and four-fifths; and attias and 
mezzanines maybe either a perfect square, or some- 
what lower. 

The windows of the principal floor are generally 
most enriched. The simplest method of adorning 
them, is, with an architrave surrounding the aper- 
ture, and crowned w ith a frieze and cornice. The 
w indow s of the ground floor are sometimes left en- 
tirely plain, “without any ornament, and at others 
they are surrounded with rustics, or a regular 
architrave, with a frieze and cornice. Those of the 
second floor have generally an architrave carried 
round the aperture ; and the same method is adopt- 
ed in adorning the attic and mezzanine windows; 
but the two last have seldom either frieze or cor- 
nice, w hereas the second floor window's are often 
crowned w ith both. The breasts of all the windows 
on the same floor should be on the same level, and 
raised above the floor from two feet nine inches, to 
three feet six inches, at the most. When the 
walls are thick, the breasts should be reduced under 
the apertures, tor the conveniency of looking out. 
When the building is surrounded with gardens, 
law ns, or other beautiful objects, the French method 
of continuing the w indows quite down to the floor, 
renders the room exceedingly pleasant; but when 
thin mode is adopted in close streets, where it con- 
tributes to nothing but rendering houses colder, it 
is truly ridiculous. The intervals between the 
apertures of windows, depend in a great measure 
on their enrichments. The breadth of the apertures 
is the least distance that can be between them ; and 
tw ice that breadth should be the laigest in dwell- 
ing-houses; Otherw ise the rooms will not be suffi- 
ciently lighted. The windows in all the stories of 
the same aspect must be placed exactly above one 
another. The mathematical rule of apportioning 
light to rooms, is as follows; — multiply the length 
of the room by the breadth, and multiply the height 
by the product of the length and breadth ; and out 
of that product extract the square-root, which is the 
light required. For example, suppose a room to 
be forty feet by thirty, and the height sixteen feet, 
the square-root will be 138 feet four inches; which 
may be divided into four windows, and each window 
will contain 36 feet, superficial. The height of each 
of these w indow s will be 9 feet, and the w idth 
4 feet. Suppose a room to be 56 feet by 24, and 
15 feet in height, the square-root will be 1 13 feet ; 
which divided into four parts, or window's, will give 
28 feet three inches to each window'. The height 
of these windows will be 8 feet six inches, and 
the width 3 feet four inches; and so for any 
others by the same rule of proportion. Steps of 
stairs should likewise be accommodated to the hu- 
man figure, w ithout regarding any other proportion; 

C they 
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they are accordingly the same both in large and 
small buildings. In sumptuous buildings, the steps 
should not be less than four, nor more than six 
inches high; not more than eighteen, nor less than 
twelve inches broad; nor less than six feet, nor 
nor more than fifteen feet long. In ordiuaiy houses 
they may'be somewhat higher and narrower, and 
they must be much shorter in general, but eight or 
even seven inches is too high for an easy ascent, 
and they ought never to be less then nine or ten 
inches broad, nor shorter then three feet. The 
steps should be laid somewhat sloping, or a little 
higher behind, which is formed to lessen tlie labour 
of ascending. 

(See mare of this in the articles Carpentry and 
Joinery.) 

We come now to consider the form of the build- 
ing. A cube or square, is a more agreeable figure 
than an oblong, or parallelopipedon. This con- 
stantly holds good in small figures; but a laige 
building in form of a cube, is lumpish and heavy ; 
therefore an oblong form is always preferred fpr 
dwelling houses. Care should, liowwer, be taken 
to avpid making the plan longer than necessary, as 
there will be great waste in the passages, and con- 
siderable difficulty in lighting them. 

With regard to the internal divisions, it is found 
more convenient that the rooms should be rectangu- 
lar, to avoid useless spaces. An liexagonal, or six 
sided figure leaves no void spaces ; but it determines 
the rooms to be all of one size, which is both in- 
convenient and disagreeable for want of yariety. 
Though a cube be the most agreeable figure, and 
may answer for a .room of moderate size ; yet, in a 
very large room, utility requires a different form. 
The best form for a long room, is that of a parel- 


* All precautions to prevent the communication of sound to th e 
bed rooms, should be taken. To this end it is advisable to fill th e 
space between the joists of the floor, above the bed room, with saw" 
dust, which must be sustained by short pieces of board, nailed 
against the joists, above the ceiling of the lower apartment. In the 
distribution of rooms for servants we can only consult the facilities, 
of our general plan, and, if possible, to gh>e every bed room a fire 
place. There are two things to be attended to in the situation of 
the kitchen, first to place it as near the dining apartment as possible: 
secondly to contrive it so that the effluvia from the cooking, shall not 
enter the dining-room through the passage, which shoula always be 
a covered one. In town houses it is generally most convenient to 
place the kitchen beneath the parlour floor ; to prevent the lighter, 
warmed air charged with the smell from cooking, rising into the 
dining rooms; a »e perate funnel like the kitchen chimney, carried 
up in the same stack, will atways afford a remedy. A communica- 
tion with this flue must be made by means of an opening in the ceil- 
iiig of the kitchen, this opening may be closed by a door, when noth- 
ingis going on in the kitchen to occasion an unpleasant smell. Inevery 
modern house of respectable size water closets are introduced, which 
of course are situated so as to be convenient to the whole of the house, 
and at the same time as much concealed as circumstances will admit 
of { water closetstere now so much improved, that they may be placed 
in any part of {he house, without the least danger of any unpleasant 
smell i this, is in a great measure effected by means of pipes, bent 
down, so as to form an elbow, in the lower part of which, the last 
portion of water which is thrown down lodges, and completely pre- 
vents any effiuvia from using. This contrivance is equally applica- 
ble to drains, which will be treated of in their proper places. Care 
should be taken <0 prevent the water in the pipes From freezing, by 
keeping them from the influence of the external air, as it would 
xnost infallibly burst thequ 


lelogram, and this figure is also best calculated for 
the admission of light ; because, to avoid cross 
lights, all tlie windows ought to be in one wall ; and 
if the opposite wall be at such a distance as not to 
be fully lighted, the room must be obscure. Dining 
rooms should be so situated, as to give an easy 
access to servants who wait at table ; and the fire- 

f lace so placed as to warm the room uniformly. 

n the building of chambers, regard ought to be 
had, as well to the place of the bed, which is gener- 
ally six or seven feet square, and the passage, as 
to the situation of the chimney, which for this con- 
sideration ought not to be placed just in the middle, 
but distant from it about two feet, or two feet six ; 
this, however, will be unnecessary in very large 
bed-chambers. The height of a room, exceeding 
nine or ten feet, has little relation to utility; there- 
fore proportion is the only rule for determining the 
height, when above that number of feet. Artists, 
who de al in the beautiful, love to entertain the eye ; 
palaces and sumptuous buildings, in which grandeur 
and beauty may be fully displayed, give them an 
opportunity of shewing their taste. But such a 
propensity is peculiarly unhappy with regard to 
private dwelling-houses; because in these, utility 
cannot be sacrificed to magnificence, without hurt- 
ing their intrinsic worth. There is no opportunity 
for great variety of form in a small house ; and in 
edifices of this kind, internal convenience has not, 
hitherto, been happily adjusted to external regu- 
larity. Perhaps an accurate coincidence in this 
respect is beyond the reach of art. Architects, how- 
ever, constantly split upon this rock, for they never 
can be persuaded to give over attempting to recon- 
cile these two incompatible objects ; how otherwise 
should it happen, that of the endless variety of pri- 
vate dwelling-houses, there should not be one found 
that is generally agreed upon as a good model ? 
The unwearied propensity to make a house regular 
as well as convenient, obliges the architect, in some 
instances, to sacrifice convenience to regularity, and 
in others, regularity to convenience ; and accord- 
ingly the house which turns out neither regular nor 
convenient, never fails to displease. — Nothing can 
be more evident, than that the plan of a dwelling- 
house ought to be suited to the climate j yet no 
error is more common than to copy in Britain the 
form of Italian houses, not forgetting even those 
parts that are purposely contrived for collecting 
air, and for exdudiug the sun ; witness our collon- 
nades and logies, designed by the Italians to gather 
cool air, and exclude the beams of the sun ; conve- 
niences which the climate of this country does not 
require. 

We shall next view architecture as one of tlie 
fine arts ; which will lead us to the examination of 
such buildings, and parts of buildings, as are cal- 
culated solely to please the eye. Variety prevails 
1 1 in the works of nature ; but art requires to be guid- 
ed 
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€$ by rule and compass. Hence it is, that in such 
\rorts of art as imitate nature, as in laying out 
pleasure grounds, planting, &c. the great aim shonld 
be to hide every appearance of art, which is done 
by avoiding regularity, and indulging variety. Bui 
in works of art that are original, and not imitative, 
such as architecture, strict regularity and uniformity 
ought to be studied, as far as consistent with utility 

Proportion is not less agreeable than regularity 
and uniformity; and, therefore, in buildings inten- 
ded to please the eye, they are ail equally essential. 
It is taken for granted by many writers, that in all 
the parts of building there are certain strict propor- 
tions which please the eye, in the same manner as 
in sound, there are certain strict proportions which 
please the ear; and that in both the slightest devia- 
tion is equally disagreeable. But it ought to be 
considered, that there is no resemblance or relation 
between the objects of different senses. What 
pleases the ear in harnunony, is not the proportion 
of the strings of the instrument, but of the souuds 
which thase strings produce. In architecture, ou 
the contrary, it is the proportion of different quanti- 
ties that pleases the eye, without the least relation to 
sound. Pei mult in his comparison of the ancients 
and moderns, goes to the opposite extremes, main* 
taining that the different proportions assigned to 
each order of columns are arbitrary, and that the 
beauty of these proportions is entirely tlie effect of 
custom. But he should have considered, that if these 
proportions had not originally been agreeable, they 
could nevfcr have been established by custom. 

For illustrating this point, we shall add a few ex- 
amples of the agreeableness of different proportions. 
In a sumptuous edifice, the capital rooms ought to 
be large, otherwise they will not be proportioned to 
the size of the buildiug; for the same reason a very 
large room is improper in a small house. But 
in things thus related, the mind requires not a pre- 
cise or single proportion rejecting all others ; on 
the contrary, many different proportions are equally 
agreeable. It is only when a proportion becomes 
loose and distant, that the agreeableness abates, aud , 
at last vanishes. Accordingly, in buildings, roomtf | 
of different proportions are found to be equally 
agreeable, even where the proportion is not influ- 
enced by utility. With regard to the proportion 
the height of a room should bear to the length and 
breadth, it must be extremely arbitrary, considering 
the uncertainty of the eye as to the height of a 
room, when it exceeds 16 or 17 feet. In columns, 
again, eveiy architect must confess, that the propor- 
tion of height and thickness varies betwixt eight 
diameters and ten, and that every proportion be- 
tween these two extremes i9 agreeable. Besides 
there must certainly be a further variation of pro- 
portion, depending upon the size of the column. 
A row of columns ten feet high, and a row twice 
that height, require different proportions; the 


inter-cokimniatiofte mtist also differ in proportion 
according to the height of the row. 

Proportion of parts is not only itself a beauty, but 
is inseparably connected with a beauty of the high- 
est relish, that of concord and harmony ; which will 
be plain from what follows. A room, the parts of 
which are all finely adjusted to each other, strikes 
us not only with the beauty of proportion, but wit li 
i pleasure far superior; the length, the breadth, 
the height, raise each of them a separate emotion. 
These emotions are similar; and though faint when 
separately felt, they produce in conjunction, ti e 
emotion of concord or harmony, which never fails to 
please. On the other hand, where the length of a room, 
far exceeds the breadth, the mind, comparing to- 
gether parts so intimately connected, immediately 
perceives a disagreement or disproportion which 
offends. Hence a long gallery, however convenient 
for exercise, is not an agreeable figure for a room. 
In buildings destined chiefly or solely to please the 
eye, regularity and proportion are essentially neces- 
sary, because they are the means of producing 
lieauty. But a s skillful artist will not confine his 
view to regularity and proportion; he will also 
study congruity, which is perceived when the form 
and ornaments of a structure, are suited to the pur- 
pose for which it is appointed. Hence every build- 
ing ought to have an expression suited to its desti- 
nation. A palace, ought to be sumptuous and 
grand; a private dwelling, neat and modest; a 
play-house, gay and splendid; and a monument, 
gloomy and melancholy. Columns, besides their 
chief destination of being supports, contribute to 
that peculiar expression which the destination of a 
builaing requires. Columns of different propor- 
tions serve to express loftiness, lightness, &c. as 
well as strength. Situation may also contribute to 
expression ; conveniency regulates the situation of 
a private dwelling-house; and the situation of a 
palace ought to be lofty. The external structure of 
a house, leads naturally to its internal structure. A 
large and spacious room, which is the first that com- 
monly receives us, is a bad contrivance * in several 
jrespects. A more agreeable arrangement is a hand- 
some portico, proportioned to the size and fashion 
of the front, leading into a waiting-room of a larger 
size, and this to the great room, all by a progression 
from small to great. 

The several offices, which have a place in the plans 
of houses, should be so arranged, as to appear to 
compose an inferior part of the whole builaing ; not 
totally detached, yet in such order as to keep the 
more offensive ones as remote as possible from the 
principal parts of the house. 

It has been doubted whether a building can admit of 
any ornaments beyond such as are useful, or at least 
that have the appearance of being so. But, regarding 
architecture no less as a fine, than as a useful art, 
both kinds may be introduced; though it requires 

great 
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great judgment as to the quantity and the equal. Another reason concurs, that a column 

arrangement. A private house, and other edifices, annexed to a wall, which is a plain surface, makes 

where use is the cnief aim, admit not indeed of any a greater variety than a pilaster. Besides, pilasters 

ornaments but such as have the appearance of utih- at a distance are apt to be mistaken for pillars; and 

tv. But temples, triumphal arches, and such build- the spectator is disappointed, when, on a nearer 

ings as are chiefly intended for show , may be highly approach, he discovers them to be only pilasters. — 

ornamented without any regard to their seeming Ornaments intended to decorate the orders, should 

usefulness. Hence it is that a threefold division of be judiciously adapted to the proper character of 

ornaments has been suggested. These are, first, each. Plain and rusticated embellishments would 

ornaments that are beautiful without relation to be extremely discordant with the elegance of the 

use; such as statues, vases, See . Secondly, objects Corinthian column: and sweet and delicate enricli- 

iu themselves not beautiful, but possessing the beau- ments very ill suit the strength and simplicity of the 

ty of utility, by imposing on the spectator, and Doric. All kinds of fanciful and trifling devices, 

appearing to be useful; such as blind windows. all fashionable finery, should be for ever excluded 

Thirdly, where things are beautiful in themselves, from the smallest place in our works. Sir Christo- 

and at the same time assume the appearance of use ; pher Wren* very justly censures this species of fri- 

sueh as pilasters. With regard to the first, we volity, when speaking of the palace of Versailles, 

naturally require that a statue shall be so placed as Much to the honour of Sir William Chambers, 

that it may be seen in every direction, and at vari- architect of that great national ornament Somerset- 

ous distances, by having an opportunity of receding house, he has never depraved the art w ith any kind 

or advancing as we please; statues placed in the of capricious innovation. He has ever maue the 

niches in fronts of houses, or on the tops of their ancients his models; and he has not pretended to 

walls and roofs, ought not to be admitted. Their vary and invent, where variation and invention are 

f proper places are in large halls, and in passages that not only superfluous, but mischievous. He has 

eaa to a grand stair-case, &c. To adorn the top of only, w ith great taste and judgement, selected and 

a wall with a row of vases, is an unhappy conceit; by compounded what he has already found perfect to 

placing a thing, whose natural destination is utility, his hands. 1 1 is buildings are consequently always 
where it cannot have even the least appearance of it. grand, yet simple; not distracting the eye with 

Firmness and solidity being the proper expressions broken lines, petty divisions, or arbitrary and 

of a pedestaj, whether of a column, or of a statue, meretricious ornaments; but preserving always that 

it ought to be sparingly ornamented. The ancients unity of design, and that magic of effect, which 

never ventured on any bolder ornament than the render them the best comments on his own cxeel- 

basso relievo. lent treatise on the Science of Architecture. 

With respect to ornaments of the second kind, it We shall now give some rules for w orking the 

is a great error to contrive them so as to appear orders of Architecture. An order consists of three 

useless. A blind' window, therefore, when necessa- principal members, or parts: which are, the pedestal, 

ry for regularity, ought to be so disguised as to ap- the column, and the entablature. Each of those 

pear a real window; when it appears without dis- parts is again composed of three others; the pedestal, 

guise, it is disgustful, as a vain attempt to supply having its base, its die or trunk, and its cornice. The 

the want of invention; it shews the irregularity in column has its base, its shaft, and its capital. And 

a stronger light, by signifying that a w indow ought the entablature consists of the architrave, frieze, and 

to be there in point of regularity, but that the arclii- cornice. A competent know ledge of the methods of 

tect had not skill sufficient to connect external re- j drawing and working the five orders, may be said to 
gularity, with internal convenience. As to the* jjbe the very foundation of the art of building; since 
third; it is veiy injudicious to sink pilasters so far from these, with their several proportions and oma- 

into the wall, as to remove totally, or mostly, the ments, arises all that is great, elegant, or harmonious, 

appearance of use. They should alw ays project in the noblest structure. 1 1 should, therefore, be the 

so much from the w T all, as to have the appearance earnest endeavour of those who study architecture, 

of supporting the entablature over them. to obtain a thorough know ledge of each distinct 

Of all ornaments the pillar gives the greatest order, its parts, proportions, and genuine figure, as 

elegance to extensive buildings. The destination being absolutely necessary to every one who aspires 

of a pillar is to support, really, or in appearance, to eminence in this profession. The following rules 

another part, termed the entablature. With regard are ghen w ith this view , and are adapted to the pre- 

tothe form of a pillar, it must be observed, that a sent taste; and they are so clearly explained by the 

circle is a more agreeable figure than a square; a figures and measurements on the "plates, that a little 

globe thap a cube ; and a cylinder then a parallel- attention w ill enable even person readily tocompe- 

opipedon. This last, in the language of architee- hend the proportion, use, and situation of eacli mem- 

iure, is saying, that a column is a more agreeable ber; and also the several methods adopted in cal- 

ligure than a pilaster; and for that reason it ought culating the parts, and setting them off for practice, 

to be preferred, when all other circumstances are As architecture is more the study of forms than 

precepts, 
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precepts, we regret that the limits of the present; 
work, do not enable us to give many plates of 
examples from antiquity, which would tend much 
to confirm what has already been said. We there- 
fore recommend to the attention of those who may 
wish to know more of this subject, the following excel- 
lent works: — Nicholson’s Principles of Architecture; 
Stuarts’ Athens, and Sir Wm, Chambers’ Treatise 
on Civil Architecture. 

Of diminishing the Shaft of a Column. In e iTecti n g 
the diminution of the shaft of a column, the ancients 
adopted a variety of methods; beginning sometimes 
from the foot of a shaft, and at others from one quar- 
ter, or one third of its height, the lower part being 
perfectly cylindrical. The former of these was most 
m use among the ancients, and, being .the most na- 
tural and graceful ought to have the preference, though 
the latter has been more universally practised by 
modern artists. The first architects, says M. Auzoult, 
probably made their columns in straight lines, in im- 
itation of trees, so that their shaft was the frustrum 
of a cone ; but, finding this form abrupt and dis- 
agreeble, they made use ofrome curve, which, spring- 
ing from the extremities of the superior and inferior 
diameters of the column, swelled beyond the sides of 1 
the cone, and by that means gave a more pleasing fi- I 
gnre to the contour. Vitruvius, in the second chap- I 
ter of his third book, mentions this practice, but in so 
obscure and cursory a manner, that his meaning has 
not been understood ; and several of the modern ar- 
chitects intending to conform themselves to his doc- 
trine, have made the diameters of their columns great- 
er in the middle than at the foot of the shaft. Leon 
Jlaptista, Alberti, and others of the Florentine and 
Roman architects, have carried this to a very great 
excess, for which they have been justly blamed, as 
it is neither natural, reasonable, nor beautiful. SI. 
Auzoult observes, that a column supposing its shaft 
to be the firm trum of a cone, may have an additional 
thickness in the middle, without being swelled there, 
beyond the bulk of its inferior parts; and supposes 
the addition mentioned by Vitruvius, to signify no- 
thing but the increase towards the middle of the co- 
lumn, occasioned by changing the straight line, whirii 
at first was in use for a curve. This supposition is 
extremely just, being founded on what is observed in 
the works of antiquity; where there is no instance of 
qulumns thicker in the middle than at the bottom, 
though all have the swelling hinted at by Vitruvius, 
all of them being terminated by curves, some grs- 
Jiite columns excepted, which are bounded by 
straight lines; a proof, perhaps, of their great anti- 
quity. M. Blondcl teaches various methods of di- 
minishing columns, the be9t of which is by 
means of that instrument, which Nicomedes in vent- 
ad to describe the first conchoid, for this, being 
applied at the bottom of the shaft, performs at one 
•weep both the swelling and the diminution : 
giving such a graceful form to the column, that it is 
generally allowed to be the most perfect practice 


hitherto discovered. The columns in the Pantheon, 
accounted the most beautiful among the antique^, 
are made in this manner; as appears by the exact 
measures of one of them to be found in Desgodetz’s 
Antiquities of Rome. To have an accurate idea of 
the operation, it will be necessary first to describe 
Vignola’s method of diminution, on which it is groun- 
ded. Having described the height of the shaft, and 
its inferior and superior diameters, draw a line inde- 
finitely from C through D perpendicular tq the axis 
of the column, (See Plate 1, Figure 1.) this done, 
set off the distance C D, which is the inferior semi- 
diameter from A, the extreme point of the superior 
diameter to B, a point in the axis. Then from A 
through B, draw the line ABE, which will cut 
the indefinite line C D in E; and from this point of 
intersection E, draw through the axis of the column 
any number of rays, as E B A; on each of which, 
from tlie axis towards the circumference, setting off 
the interval C I), may be found any number of 
points, as a a a\ &c. through which, if a curve be 
drawn, it will describe the swelling and diminution 
of a column. 

Though this method be sufficiently accurate for 
practice, especially if a considerable number of 
points be found, yet strictly speaking, it is defective, 
as the curve must either be drawn by hand, or by 
applying a flexible ruler to all the points; both of 
which are liable to variations. Blondel, therefore 
to obviate this objection, after having proved the 
curve passing from A to C, through the points a a a 
See. to lie of the nature of the first conriioid of the 
ancients, employed the instrument of Nicomedes 
describe it, the construction of which is as follows; 
having found the length of the aha ft, with the in- 
ferior and superior diameters of the column, and the 
! length of the line C I) E, (in architecture plate as 
before , ) take three rulers either of wood or of metal, 
as F G, I D, and A II of which let F G and I D* 
■be fastened together at right angles in G. Gut a 
dove-tail groove in the middle of F G, from top to 
bottom, and at the point K, on the ruler I I), (whose 
distance from the middle of the grove in F G, is the 
same as that of the point of intersection from the 
axis of the column,) fix a pin; then on the ruler A II 
set off the distance A B equal to C D, the inferior 
semi-diameter of the column, and at the point B fix 
a button, whose head must be exactly fitted to the 
groove made in F G, in which it is to slide; and at 
the other extremity of the ruler A II, cut a slit or 
channel from II toK, whose length must not be less 
than the difference of length between E B and E 
and whose breadth must be sufficient to admit the 
pin fixed at E, w|iich must pass through the slit, that 
the ruler may slide thereon. The instrument being 
thus compleated, if the middle of the groove in the 
ruler F G, be placed exactly over the axis of the 
column, it is evident that the ruler A II, in moving 
along the groove, will, with its extremity A, dis- 
cribe the curve A a a C; which curve is the same as 
D that 
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that produced by Vignola’s method of diminution, 
supposing it done with the utmost accuracy for the 
interval A B, a 5, is always the same; and the point 
E is the origin of an infinity of lines, of which the 
parts B A, b a, b a, extending from the axis to the 
circumference, are equal to each other, and to I) C. 
And if the rulers be of an indefinite size, and the 
pins at E and B be made to move along their re- 
spective^ ruler, so that the intervals A B and D E 
,inay be % augmented or diminished at pleasure, it is 
likewise evident, that the same instrument may i>e i 
thus applied to columns of any size. With regard 
to the generally received opinion, that, in propor- 
tion as columns are elevated, the eye is deceived 
in ti;e contour, aiul, therefore* they require a ditler- 
ence in the diminution to allow for this effect, it 
seems proved by Perrault to be on most occasions a 
mistake. If we judge by the rigour of optical 
laws, it must be remembered, that the proper point 
of view for a column of fifty feet high, is not the 
♦same as for one of fifteen, but on the contrary, more 
distant, in the same proportion as the column is 
higher ; and that consequently, the apparent rela- 
tion between the lower and upper diameters of the 
column will be the same, whatever be its size. 
For, if wq suppose A figure 2. Plate 1, to be a point 
of view, whose respective distance from each of the 
columns f g, F G, is equal to the respective 
heights of each, the triangles f A g, FAG, will 
be similar; and A or A A, which is the same, 
will be to A G as A F, or its equal A II is to A G; 
thereforedf d e be in reality to b c, as D E, is to 
B C, it will likewise be apparently so ; for the 
angle d A e, will then be to the angle b A c, as the 
angle D A E, is to the angle BA C; and if the real 
relations differ, the apparent ones will likewise 
dilFer. In this figure, the eye of the spectator at 
A, is supposed to be in a line perpendicular to the 
foot of the shaft; but, if the columns be proportion- 
ably raised to any height above the eye, the argu- 
ment will still remain in force, as the point of view 
must of course be proportionally more distant ; and 
even when columns are placed immediately on the 
ground, which seldom or ever is the case, the alter- 
ation occasioned by that situation is too trilling to 
deserve notice. When, therefore, a certain degree 
of diminution, which, by experience, is found pleas- 
ing, has been fixed upon, there will be no necessity 
for changing it, whatever be the height of the co- 
lumn; provided the point of view is not limited. 
Rut in close places, where the spectator is not at 
liberty to choose a proper distance for his point of 
sight,, the architect, if he inclines to be scrupulously 
accurate, may vary ; though it is in reality a niattei 
of no importance, as the nearness of the object, will 
render^ the image thereof, indistinct, and conse- 
quently, airy small variation will be imperceptible. 

By the following method also, coiumns may be 
diminished with great ease and facility, only by the 
help of a common measuring rule, which every 


workman may make. Describe a semi-circle, on 
the bottom of the column A B, as shewn at Figure 
4, Plate 1 ; from the top of the column draw the . 
line E 4, parellel to the axis, D C, or middle line 
of the column, cutting the semi-circle at the base in 
4; divide the arch B 4, into 4, or any other number 
of equal parts, and div ide the height, C D, into the 
same number of equal parts ; as, I ? 2, 3, through 
the divisions 1, 2, 3, 4, of the semi-circle, at the 
base, draw lines 1 o, 2 A, 3c, and 4 parallel to, 
A 1J; set off these parts from each side of the axis, 
on the corresponding numbers of the shaft; then, 
by bending a thin lath or slip round pins or nails 
fixed in those points, it will give the contour, or 
curve of the column ; and the reverse of this will be 
the edge of the diminishing rule for working it bv. 
Or, divide the height of the diminishing rule B 
into any number of equal parts, as four, at a , r. 

and divide the difference of the semi-diameter at 
the top and bottom, into the same number, viz. — 
four, and draw lines from eacli division parallel to 
the base, through 1,-2, 3, which points w ill produce 
a curve of a very regular and pleasing form, that 
may lie drawn on the edge of the rule, or oil the co- 
lumn itself, as is most convenient for the workmen. 

Mouldings. — 1st. Mouldings are figures com- 
posed of various curved and straight lines. If they 
are only composed of parts of a circle, they are call- 
ed Roman, because the Romans, in their buildings, 
seldom, or never employed any other curve for 
mouldings than that of a circle; but if they are 
made of part of an ellipsis, or a parabole, or an 
hyperbole, the tnouldings are then in the Grecian 
taste. Hence, mouldings in the Greek taste, are 
of a much greater v ariety then those of the Roman, 
w here only parts of circles are concerned ; and they 
have various names, according to- the maimer in 
which they are curved. 

2d. The straight lined part under or above a 
moulding, in general is called a fillet. 

3d. If the contour of a moulding l>e convex, and 
a part of a circle equal to, or less than a quadrant, 
then the moulding is called a Roman ovolo, or 
echimes. 

4t!i If the contour of the moulding be concave, 
and equal to or less than a quadrant, it is call- 
ed a cavetto, or hollow, so that a cavetto is exac 
the reverse of an ovolo. 

5th A l)ead is a moulding, whose contour is 
simply a convex semi-circle. 

(jth. If the contour be convex, and a complete 
semi-circle, or a semi-ellipsis, having a fillet above 
or below it, the moulding is called a torus. Thus, 
a torus is a bead with a fillet, and is more particu- 
larly distinguished in an assemblage of mouldings 
from a bead, by its convex part being much great- 
er. 

7th. If the contour of a moulding be a concave 
semi-ellipsis, it is called a scotia. 

Sth. If the contour be convex, and not made of 

any 
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*ny part 6f a circle, but of some other of the conic 1 
sections, having a small bending inwards towards 
the top, the moulding is called a Grecian ovolo, or 
echinus. 

9th. If the contour bfc partly concave, and partly 
convex, the moulding in general is called a cima- 
tium. 

10th. If the concave parts of the curve project 
beyond the convex parts, the cimatium is called a 
cima recta. 

11th. If the convex part project beyond the con- 
cave, the cimatium is called a cimakecta, or ogee. 

15th. The bending, or turning inwards, of a 
•mall part of the convex curve of a Grecian mould- 
ing, is, by workmen, called a quirk. 

PLATE II. 

To describe the torus. Figure 1. — Divide the 
height into two, equal at c, and on e, as a centre, 
describe a semi-circle to that height, and it will , 
form a torus. The bead Figure 2, is foriued as the 
torus. 

To describe an ovolo. Figure 3. — Take the 
height a by set the compasses in by describe an arc, 
and with the same distance, on the projection at c, 
describe an arc cutting the former at a , then on a, 
as a centre, describe an arc, b c, and the ovolo will 
be completed. 

To describe a caveto. Figure 4. — On by w ith the 
height a by describe an arc on the projection at e, 
with the sanie'distance describe another arc, cutting 
the former at d; then with the same extension on 
d y describe the arc b c, and it will be a cavctto. 

To describe a cimarecta. Figure 5 . — Join the 
projections at each end by the right line, A B, divide 
it into two equal parts, at h , and m order to make 
it look bold, divide A B into three equal parts, or j 
ne arly so, and with one third, on A anu by as centre*, ! 
describe arcs, cutting each other at d ; and in the 
same manner, find the intersection, on the opposite 
side of the line at e ; lastly on dy and r, describe the , 
arcs A A, and A B, and it w ill form the cimarecta 
required. These are the forms of regular mould- 
ings, viz. — the height, equal to the projection; but , 
there are other forms, where the projection is often 
less than the height, and the curvature of the 
moulding much flatter ; however the same methods 
for describing the one, will do for the other. j 

MODERN, OR QUIRKED MOULDINGS. \ 

To describe the cima re versa. Figure 6. — join the 
projections at **, and A, by the line a by and proceed 
in the same manner as with the cima recta, before | 
described. j 

To describe a quirked cima reversa. Figure 7. — | 
Divide the perpendicular height into seven parts ; 
with two of the parts describe a semi-circle, r c, on 
a draw a line from e c, and on the height of the first 
division, from the bottom A, describe the arc c dy and 
it will complete the moulding. 

To describe a quirked ovolo. Figure 8. — Divide 
the height into lour equal parts, with one part on c, 


11 

describe the arc a f g. Join c A, to the fillet below; 
on by describe the arc c d on r, with the distance a by 
describe an arc cutting the former at d; through 
d and c, draw the line d c fy cutting the small circle 
at fy then with a radius d f y describe the arc f by and 
it will complete a quirked ovolo. 

To describe the quirked moulding, Figure 9, 
flatter in the lower part than that at Figure 8. — 
Describe the smaller circle as in the last, and 
through its centre, and the end A, of the fillet, draw 
the Line r A r, taking the point c, according as you 
intend to have the under part of the moulding, 
flatter or quicker; take the distance e r, and on A, 
describe an arc at <7, then take the? distance a tty that 
is e r, made less by the radius e a , of the smaller 
arc a f g, on r, with that distance, describe an arc, 
cutting the former at d ; lastly on d y with a radius 
d fy describe the arc /A, and" it will complete the 
quirked ovolo required. 

These are the most proper for the workman’s 
purpose, though various other methods may be 
shewn to answer the same purpo&£; 10, 11,12,13 
14, which are traced from a semi-circle, by applying 
the same projections to a line of any iuciinatiou 
required. 10 is a torus moulding taken from a 
semi-circle ; and may be applied where the projec- 
tion of the upper fillet is greater than the projection 
of the lower. 

To describe a scotia. Figure 15. — From the top 
of the fillet draw B A, perpendicular, cutting the 
bottom of the fillet at A ; from g, the end ot the 
bottom fillet ; draw the line g a c ? parallel to A B ; 
make g Oy equal to twice g A, on A ; describe (he 
semi-circle g e r, cutting* the lineg a c, at c, through 
Cy and the end of the fillet, at B, draw the line e B e 
cutting the semi-circle at e ; draw the line a d r, 
cutting A By in d; lastly on dy describe the arc e ll 
and it will complete the scotia. ' 

16 is a scotia, described by a similar method to 
the ovolo’s 10, II, 12, 13, 14, viz. through points 
found from a seiui-circle, to the height of the mould- 
ing 

To describe a Grecian ovolo or echincs. — Have 
tw o tangents to the curve, and the points of contact 
given, one of the points of contact being the great- 
est projection, and the other being the lower extre- 
mity of the curve. 

Figures 17 and 18, — let A B, B C, lie the two 
tangents, A the point of contact at the greatest pro- 
jection, and C, the lower extremity of the curve; 
draw A E, parallel to B C, and C E, parallel to 
B A ; produce 0 E, to F, making E F, equal to' 
E C : divide A E, and A B, etfch into the same 
number of equal parts; from the point F, draw 
lines through the points of division in A E, and also 
from the point C, draw lines to the points of divi- 
sion in A B, to meet the others through the divi- 
sions of A E; through the intersections, draw a 
curve, which w ill be the contour of the ovolo re- 
quired. 

The 
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The moulding will be flatter or quicker, accord- 
ing as the point B, the extremity of the tangent 
B C, is nearer or more remote from A, the greatest 
projection. 

Figure 19. — Draw A II, parallel to the fillets; 
produce the vertical line C H, to K, making H K, 
equal H C r and II I, equal to BD; join A I ; 
divide A I, and A B, each into the same number of 
equal parts, and through the points of division in 
these lines, and through the points K and C, draw 
lines to meet each other, and t!. rough these points 
draw a curve, and it will be the ovolo required. 

If B D, were less than the half of A D, the 
moulding would be elliptical, and if B D, were 
equal to the half of A l), the moulding would be 
parabolical. In this example B D, is greater than 
the half of A D, the moulding is hyperbolical. Of 
this form is the echinus in all the Grecian Doric 
capitals, except the 4)oric portico at Athens, in 
which the echinus of the capital is elliptical. 

Figure 21, is a scotia or tochilus, tne fillets may 
bs iiwSioiu^r ed as tangents, and the line parallel to 
the line joining the fillet as another tangent. 

Figure 22, a cimarecta, compounded of two 
quarters of ail ellipse upon the axis, Figure 23, a 
cimareversa compounded of two quarters of an 
ellipse, from conjugate diameters, which are given 
in position. These are described upon similar 
principles to Figures 17 and 18. 

Figure 20. To describe a hollow to touch with 
two straight lines B, D and B, A, one of them at a 
given point A. — Let D, be the point of their meeting, 
make D B, on tlie other line equal to D A ; from the 
points A and B, draw perpendiculars to each of the 
lines D B, and D A, meeting at C : on C, as a cen- 
tre with the radius C B, or C A, describe an arc B 
A, and it is done. 

TO DRAW THE FLUTES OF THE COLUMNS, 

To draw the flutes of the Doric columns. — On 
A B, Figure 5, — Plate 1. the diameter of the 
column, describe a semi-circle, and divide the semi- 
circle into two equal parts; (as the Doric column 
usually contains twenty flutes, which are in general 
made shallow, and without fillets); through every 
two of the divisions draw lines El, E 2, E 3, E (, 
to E 10, between any two divisions, (as 3 and 4 ), 
describe two arcs, whose vertex is C ; on E with a 
radius E C, describe the quadrant G, H, I, K, L, 
M, cutting the lines E A, El, E 2, E 3, E 4, &c. 
in the points G, H, I, K, L, M, which ere the 
•entres for the flutes; but if the flutes °.re wanted 
deeper, you may make the distance 3 D, half t’»e 
breadth of a flute, and proceed as shown on the 
•thcr quadrant, and from 0 , 6, c &c. draw perpen- 
diculars to the bottom of the column. 

The Ionic Corinthian, and Composite orders, have I 
in general twenty four flutes, with a fillet between 
each; (the fillet one third of a flute, ) in order to 
have that number, and preserve the just proportion 
•fa flute to a fillet, observe the following rule; j 


divide the semi-circumference. ( Plate 1. figure J.) 
into twelve equal parts, at 1, 2, 3, &c to 12, divide 
any division into eight equal parts, as that between 
u\e and six, tk?n take three of these parts, and on 
1, 2, 3, &c io 12, as centres; describe arcs which are 
nearly semi-circular as in. the plate, and then draw 
them to the column. 

TO DRAW THE FLUTE8 AND FILLETS ROUND THE 
SHAFT OF A COLUMN. 

If the columns are of stone, or w ood, the whole 
or any part may be fluted in the following manner; 
after being properly rounded, and the ends or joints 
made parallel to each other, find the centres of the 
circles at e£ch end ; and if they are not already 
found, cut two holes, directly in the middle at each 
end, oerpencliciilar to the joints, so that the centers 
shall lie in the middle of the holes ; this being done 
drive in two pieces of wood, so as to be quite tight 
in the holes, and to project out about five or six 
inches ; let the projecting parts be well rounded off, 
so as to be exactly in the middle of the ends; then 
make a diminishing rule, as in Platt 1. Figured. 
To fit the curve of the column, let t e ends of this 
diminishing rule be fixed into two pieces a b, 
which are made to revolve round the pins at the 
ends, by means of notches, or any other convenient 
wav, so that the curved edge of the rule, be very 
near to the curved surface of the column; and one 
side of the rule to tend exactly to the centre. To keep 
the rule steady from bending sideways, fix a rule 
to the other side, the whole length of the diminish- 
ing rule, of a sufficient strength to keep the dimin- 
ishing rule from bending;, so that the breadths of 
the two rules will be at right angles to each other, 
the two end pieces and diminishing rule be ing fix- 
ed fast together, the whole may be turned round 
the pins at the ends as centres, like one entire 
piece ; then the operation of drawing the flutes and 
fillets will be as follows; — suppose it were re- 
quired to flute the Ionic, Corinthian, or Composite 
columns, the circumference at either end will be 
divided into six equal parts, by taking half the 
diameter at that end, and applying it round the said 
circumference; then each of these divisions' being 
divided into four, the whole circumference will be 
divided into twenty-four; in order to have the pro- 
portion of a flute to a fillet, as 1, to 3, divide any 
one of the last divisions into four equal parts, and 
one of these parts will be the breadth of a fillet; 
which being set off from the same side of each divi- 
sion, the whole column will be divided into flutei 
and fillets ; then by turning the rule round to each 
mark, or division, you may make a piece of sharp 
steel draw on the shaft of the column, the flutes, 
and fillets, to the greatest exactness, by keeping it 
close to the side of the rule. 

This method is by far the most ready, as well ai 
the most correct of any that we have yet seen; thi» 
machine is shewn complete on the plate, and we 
hope a careful inspection will render it eufficiently 

plain. 
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plain ; tibere at eflfe* tnethpd9 of drawing thd flutes 
on the shaft of a colump, adjby drawing two parallel 
Ones through the centre, at jeaeh end of the cotumn, 
and dividing the circumfefenfcesat the ends, Into a 
mimber of flutes and fillets, then ^bending a thin 
rule from the respective divisions at each* end. It 
is necessary lo liecareful^that the edge of the rule 
by which you draw, touch the curved surface #f the 
column only ; but, this method bewevor, simple, is 
very liable to -error. *■ The methods that ?ome 
workmen make use of, for setting off the flutes and 
fillets round the shaft of a column, areas follow : — 
7o draw the flute Fand fillets on a column #r pilaster. 
— Plate J. 1'igure 9.— A n, is any line divided into 
Antes and fillets, greater than the circwnferenoe at 
the base; on A B, describe the equilateral triangle 
A B<J, draw nil tlie joints in A B,<to G; then if 
O C, and G I), arp equal to the circHiofereace of 
the column at the bottom of the shaft, the line CJ3, 
w?H be equal to the same ritdimforenre: lay a 
piece of parchment, or any thing that is pliable, on 
C I), ana mark all thO flutes and fillets on it, then 
apply tins round the column at tlie bottom, and 
prick them round it, divirte the circumference at 
top, in the same maimer as E E, aiui draw tlie flutes 
w ith a thin rule, as before. 

Plate 1. Figure JO — is another method for mark- 
ing the flutes and fillets round the ends of the co- 
lumn ; the line A B, is a line divided into flutes aid 
fillets, less than the circumference of the top part of 
the column; draw any number of parallel lines, 
from the divisions of A B, let B C, B l), B E, be 
at the top or bottom diameter : sot one foot of the 
compasses in-B, and cress the line A at C I), or 
E, draw the line B G, B I), or It E, and. either 
will lie divided into flutes and fillets, as before. 

Plate I. Figure )1— Let A 6, lie the breadth of 
the pilaster, draw any line A G, take your compass- 
es at any convenient opening, and ritu twenty- nine 
tSmest lie said opening, from A* to C, and join B G, 
then set your level to the angle AC U, and from 
the points on A C, draw lines cutting A B, as is 
dhewn by the figure, and from the points ou A B, 
draw the flqtes and fillets with a common guage. 

, There is another method of drawing the flutes of 
a diminished pilaster, with one guage, ami at one 
movement. In* -making the guage equal to the wwkh 
of the bottom, or something .wider ; bat as this 
method is erroneous in its principle, ho diagram is 
exhibited. 

The best method to draw the flutes on a dimin- 
ished pilaster; is to divide the height of the trunk 
into any convenient number of equal parts, on a 
longitudinal line, passing through the middle of the 
breadth at top and bottom, and through the points 
of division, draw transverse lilies to the longitudinal 
line ; set off the ilwtes and fillets oh each fftuisvirga 
line; take nails pr brads in each corresponding 
point of eaelv transverse Jine, apd bend a pliable slip 


p 

»: of wood rt*i?>£*We .milsy *nd* draw a lino, and pro- 
' coed till every set of corresponding )>oints arc used, 
aad the pilaster will liave its face drawn for the flutes, 

: 7b describe the Ionic Volute , Plate 3, Fig . 4.— -Di- 
vide the heiglit P Q, into 7 parts, upon the third divi- 
sion describe a circle abont G, as a centre, whose 
diameter .will be equal to one of the parts.; draw V 
W, X, U, and in that square draw another, wliose 
angles stall touch the sides of the former square in 
the middle. In order to make the construction of 
the centres appear plain, the centre part is shown 
above, of a larger size, and the same letters of re- 
ference put to each ; divide C 1, and C 2, each into 
three equal parts, at 9, 5, 10 and 6, divide C, 10, 
igto two equal parts at *r, if the volute is intended 
to beat the right hand, as in this example; but if 
an the left, divide C 9, into two equal parts, and 
proceed in each case as follows; from x draw the 
perpendicular line, cutting the side S F, of the 
square at D ; from D, mate D E, and D F, equal 
ta G 1, or G 2, ; join E II and F II, draw 5 4, 9 8, 
m 11, and 6 7, ^parallel to the perpendicular side of 
; the square, cutting E H, and F II, at 4, 8, 3, 7, 11 ; 
then 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, and 12, are the 
oenrtnes. Begin at 1, and with the radius 1 A, de- 
scribe the quadrant A U, of the volute; on 2, with 
the radius 2 B, describe the quadrant B C; on 8 
describe the quadrant C I); proceed in this man- 
lier with all the quadrants, till you touch the eve at 
U, ami it will complete one side oF the fillet. 

To draw the inside of the fillet . — Divide tlie thick- 
ness of the list A n, at the top, into twelve equal 
parts bv means of the scale N () R, as follows ; — 
begin at N, and with any opening of the icompass 
run it twelve times from N, to-0; dcpw O 
making any angle with ON; make O tt, equal the 
thickness of the fillet at A a ; join R N. draw a 11, 
b 10, c 9. d 8, & c. parallel to R O, make the thick- 
ness of the list B bj equal to a 1 1 ; and D d equal 
to b JO, &c. at the beginning of every quadrant; 
join a b } and bisect it by a perpendicular, meeting 
the eye a little within the first centre, set the small 
distance within all the other centres, and proceed 
to describe the inside of the list, in the same man- 
ner as tlie outside, and it will end in a point with 
tlie outside at l T , and tlie volute will lie completed. 

To draw an angular volute. — Divide the pcrpeti- 
clicular height A B, as in Plate 3 . Figure 5. into 
twenty-three equal parts ; take the centre G, ten 
divisions from the bottom, or thirteen from the top, 
through the centre G, draw II I, perpendicular to 
A B; bisect the angle B JO 1 by the diagonal line 
I) C; through the first division O above 11, on the 
line A B, draw O E parallel to II I, cuttingtheline 
D C at E, on G as a centre, with a radius G E, des- 
cribe a circle cutting D C oh the opposite ride of the 
centre at F; divide F Einto six equal parts at 3,5, 
G, (h 4 F, then on E as a centre with a radius E P 
describe an arc P C cutting D C at C pn F with a 
E radius 
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Radius P C descrifn? flie semieircW C I K, catting 
C D at K, on 3 with a distance 3 K describe a semi- 
circle K L on 4 as a centre with the radius 4 L 
describe a semi-circle L M, on 5 as a centre, with a 
radius 5 M, describe a semi-circle M N : lastly on 
6, with a radius 6 N, describe a semi-circle N E, 
touching the centre at E, then figure 1 will be com- 
pleted. This method will describe an elliptical 
volute, to a given height, but not to any given 
width, thi9 is only a preparation to what follows. 

To describe an elliptical volute , to any given 
height and projection from the centre. — Divide the 
gi ren height L M, Plate 3. Ffgwrr 6. into twenty- 
three equal parts as before, taking the centre E, ten 
from the bottom, or thirteen from the top, through 
N, the first division above E, draw N F, cutting 
the diagonal line E O, at F, on E as a centre, with 
a radius E F, describe the dotted circle, or through 
E, draw P Q, at right angles to the diagonal line 
O S, moke E P and E Q, each equal E F, on F, as 
a centre, with the distance L F, describe an arc L 
II, cutting E H at right angles to L M at H, from 
E, make E G, equal to the distance the projection 
of the volute is intended to be from the centre, 
divide G H into six equal parts, and set one of the 
parts to I, make.E K, and E R, each equal to the 
sura of the two lines E F, and G I, through the 
points K, P, It, Q, complete the parallelogram A, 
B, C, I), whose sides A B, D C, are parallel to P Q 
and A D, B C, parallel to K R, draw the diagonals 
A C and B D, and divide each of them into six 
equal parts, then on B as a centre, with the radius 
B L, describe the arc L A, cutting A B, produced 
at ft, on A as a centre, with the radius A ft, describe 
the arc ft c, cutting A D, produced at c, on D, as 
centre with the radius D c, describe an arc c d, cut- 
ting C D, produced at d , on C, as a centre, with a 
radius C d, describe an arc d e, on 5, as a centre, 
with a radius 5 e, describe an arc c f on 6 as a 
centre with the radius 6 f describe an arc / g, on 7 
as a centre, with the radius 7 g, describe on arc g h 
on 8 as a centre, with the radius 8 ft, describe an 
arc A f, proceed in this manner, beginning the third 
revolution at 9, till you end at 12; lastly describe 
an ellipsis touching the last centre of the third re- 
volution E, being its centre, and its transverse and 
conjugate axis being in the same ratio as the length 
or heiglit of the volute is to its width, and it will be 
finished. 

Directions for drawing the Tuscan or any other 
order . — 


A. 

Fillet 


B. 

Cima recta 


C. 

Fillet 

Moulding 

D. 

Corona 

► IN THE 

E. 

Ovolo 

CoBNICE 

P. 

Fillet 


a. 

Cavetto 



H. 

I. 

K. 

L. 

M. 

N. 

O. 

P. 

Q. 

R. 
8 . 
T. 
V. 


Tenia 

Upper Fascia 
Lower Fascia 
Abacus 
Ovolo 
Fillet 

Neck of tbe 
Capital 
Bead 
Fillet 
Fillet 
Torus 
Plinth 


Architrave* 


Capital 


Astragal 


Base. 


In the instances which we have chosen of the five 
orders, the height and projection of the mouldings 
are marked in minutes, for finding which, a rule u 
hereafter subjoined. 

Divide the diameter of the column at the bottom, 
into two equal parts, called modules, divide each 
of these into thirty, which are called minutes ; then 
every member of the order is so many minutes of 
this scale, either in height or projection ; the opera- 
tion is as follows ; draw an axis or perpendicular, 
through the middle of the column ; on this line set 
all your heights, or on any other line parallel to it; 
then make another line parallel to the axis, at tbe 
distance of twenty-five minutes, which allows five 
minutes on each side, for the diininution at top; 
from this line set off your projections, as figured at 
Plate 4 Architecture , for example, the projection of 
the top fillet A, is 66 minutes, and the projection of 
the next fillet C is 54 minutes and a quarter; 
then proceed to draw the cima-recta, as already 
shewn at Plate 2. Figure 5. and afterwards all the 
other members. 

In the Tuscan order, the column is seven diame- 
ters high, that is, seven times its diameter at tbe 
base, the entablature is one-fourth of the heiglit of 
the column ; but if the order has a pedestal, which. 

seldom the case, it will be one-fifth part of the 
entire order in height. To make this practice 
obvious to the reader, the following examples will 
be useful ; — 

To find the diameter of the Tuscan column , when 
that alone is to be executed. — Rule. Divide the 
height of the column by seven, and the quotient 
will be the diameter. 

Example 1. — Suppose it were required to execute 
the Tuscan column alone, to the height of 22 feet 
three inches; demanded the diameter of the co- 
lumn. 

7 ) 22 .. 3 


3.. 


So that the diameter of the column is three fret two 
inches and one-seventh part of an inch. 

To find the height of the Tuscan entablature, 

the 
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the diameter of - its colwnn ? the entire height of the 
eetamn and entablature being g/©e».— R ule. Divide 
the height by five, and the quotient will give the 
height of the entablature last found from the entire 
height, and the remainder will be the height of tlie 
column ; divide this remainder by seven, as before, 
and the last quotient will be the diameter of the 
column. 

Example 2. — Suppose it were required to exe- 
cute the Tuscan with, its entablature, to the height 
of twenty-two feet one inch ; demanded the height 
of the entablature, and the diameter of its column. 

5 ) 22 .. 1 


4 .. 5 height of the entablature 


7 ) 17 .. 8 height of the column 


S .. 6* diameter of the column. 


The diameter of the column being thus found, it 
vrili easily be put in, as follows ; suppose it were 
required to execute a column to two feet six inches 
and two-seventh parts of an inch ; take a rod of that 
dimension, and divide it into six equal parts, and 
the first part again into ten, for minutes, then pro- 
ceed for practice in the same manner as if the draw- 
ing were to be on paper. 

To find the diameter of the column , the height of 
the entablature , and height of the pedestal , when the 
whole is to be executed to a gken height . — Rule. 
Divide the entire height by five, and the quotient 
will be the height of the pedestal; subtract this 
height from the entire height, and the remainder 
will be the height of the column, with its entabla- 
ture. Divide the remainder again by five, and the 
quotient will be the height of the entablature; sub- 
tract the quotient from the first remainder, and the 
last remainder will be the height of the column ; 
and this last remainder, being divided by seven, 
will give the diameter of the column. 

Example 3. — Let it be required to execute the 
Tuscan order complete, with an entablature, co- 
lumn, and pedestal, to the height of thirty feet ; 
demanded the height of the pedestal, height of the 
entablature, and diameter of the column ? 

5)30 

6 feet, the height of the pedestal. 
£k)S4 height of the column and entablature. 


4 .. 9| height of the entablature 


7 ) 19 .. 2j height of the column. 


2 .. 8 s diameter, of the column. 


To draw the Tuscan column to a given height.— 
Divide the height into seven equal parts, as m the 
second example ; one will be the diameter of the 
column, and a scale whereby to proportion the* 
other parts. 

To draw the Tuscan column T with its entablature , 
to a given height . — Divide the given height into five^ 
equal parts ; allow one for the height of the entabla- 
ture; and then divide the remaining four into seven 

E >arU, of which one will be the diameter of the co- 
umn. 

To draw the Tuscan column and entablature^ 
standing upon a sub-pfinih. — Divide the whole 
height, into twelve equal parts, one will be the- 
height of the sub-pliuth; divide the remaining 
eleven into five equal parts, one will be the height 
of the entablature; divide the remaining four parts ' 
into seven, and one will be the diaipeter of the co- 
lumn. 

To draw the Tuscan order entire with a pedestal.— 
Divide the whole height into five equal parts, the 
lower one will give the height of the pedestal; di- 
vide the remaining four into five equal parts, tlte 
upper one will {give the height of the entablature ; 
divide the remaining four of these into seven equal- 
parts, and one is the diameter of the column. 

The maimer of setting off the parts of the Doric 
order, is much the same as in the Tuscan; the 
heights and projection of the parts being taken from 
the diameter of the column at bottom, forms a scale 
for each of the orders so that the drawing and ex- 
ecuting, of the Tuscan, jf well understood, teaches to 
draw the Doric, or. any other order, without further 
instruction or repetition. The greatest difficulty of 
the Doric order are the triglyphs; these, in modern- 
buildings, are placed exactly over the centre of the 
column, thirty minutes wide, so that fifteen. minutes 
are on each side of the axis of the column; the 
mutules in the cornice are exactly over them, and 
of the same breadth; the small conical frustrum. 
under the triglyphs are called drops, or bells ; the 
manner of drawing the triglyphs and bells is as 
follows: divide the breadth into twelve equal 
parts, give one to each half channel on the outside ; , 
two for each space or interval, and two for each, 
channel, and one space will remain in the middle; 
eveiy two divisions or parts is the width of a bell ; 
the side of every bell, it continued, would terminate 
in a point at the top of the fillet above them ; the 
spaces between the triglyphs, called metopes, are 
always square,. and sometimes enriched with ox- 
beads, and sometimes with pateras, according to 
fancy ; when the column is fluted it has twenty in- 
number, and without fillets. 

TO PROJECT TilE DORIC ORDER -TO A GIVEN 
HEIGHT. 

For the column. — Divide the height into eight 
equal parts, one of the parts is the diameter of the 
column, which diameter is to be. divided info- 

sixty. 
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as 

sixty minutes, asliaslDeen before directed, for prac- 
tice. 

For the column and entablature. — divide the given 
height into five equal parts, and the upper part 
will give the height of the entablature: divide the 
remaining four into eight equal parts, and one will 
give the diameter of the column. 

For the column and entablature upon a sub -plinth. 
— Divide the given height into twelve equal parts, 
the lower one will give the Iieight of the sub-plinth, 
divide the remaining eleven into live equal parts, 
the upper one is the height of the entablature; di- 
vide the remaining four parts into eight, and one of 
these is the diameter ofthe column. 

For the column and entablature upon a pedestal . — 
Divide the g veil height into five equal parts, the 
lower one is the height of the pedestal: divide the 
remaining four into five equal parts, and the upper 
one is tin? height of the entablature ; divide the re- 
maining four of tliese, into eight equal parts, and one 
will give the diameter ofthe column. 

TO PROJECT THE IONIC ORDER TO A GIVEN 

HEIGHT. ; 

For the column and entablature. — Divide the 
whole height into six equal parts, give the upper 
one to the entablature, divide the lower five into 
nine parts, and one will give the diameter of the 
oolumn, to be divided into sixty minutes as a scale 
■either to work or draw by. 

For the column and entablature on a sub-plinth . — 
Divide the whole height into twelve equal parts, 
give the lower one to the sub-plinth, and proceed 
with the remaining ele%en as above, which will give 
the height of the entablature, and the diameter of 
the column. 

For the column , entablature, and pedestal. — In this, 
eft any ofthe five Orders, the height ofthe pedestal 
is always one-fifth part of the entire height : there- 
fore the height of tne entablature, and diameter of 
the column, may be found as before. 

TO DRAW, OR PROJECT THE CORINTHIAN 
ORDER. 

To find the places of the stems of the leaves, 
divide tire semi-plan into eight equal parts, and 
draw the plan of the leaves, with their stems; from 
the side of each stem draw the perpendicular lines 
to the elevation of the capital, and it will give the 
breadth of each -stem on the front ; the projection 
of the top of the leaves, is from a line joining the 
top ofthe abacus, and the astragal, tit the bottom of 
the capital. All the different parts of this order 
being figured on the plate, will render any further 
explanation unnecessary. With respect to the mea- 
surement, the diameter of the column is one-tenth 
part of its height: the height of the entablature, and 
pedestal, are found in the same manner as in the 
tonic order; tlrat is, tlie height is divided into six 
equal parts, the upper one is for the height of the 
entablature, one half of w hich will of course be the 
rfliameter of the column. The pedestal takes one- 


fifth of the entire oriter, the mib-plfrifb ont-ttreWfh. 
Tlie diameter of the column is one-tenth of its 
lieiglit. 

TO DRAW, on SET OPP THE COMPOSITE ORDER. 

T' e upper part of this order being the fame as 
the Ionic angular capital, and the lower part for 
leaves, the same a* the Corinthian: the general 
heights pf the cornice. frieze r architrave, capital, 
shaft, and base, are con^eqirentlv the sauie as tlrat of 
the Corinthian; the diameter ofthe column is one- 
tenth part of its height, as in the Corinthian: the 
heights and projections of the members are obvious 
by the same rules. 

The five orders, correctly drawn from the most 
approved examples, being given in three plate?, 
might be there referred to as a further illustration 
of the present Subject. 

OF LINES FOR DESCRIBING PEDIMENT*. 

To elucidate this subject, we have given at Fig. 
1, in architecture , Plate 3, an elevation of a 
triangular pediment w ith its whole extent divided 
into nine equal part**, two of which are assigned for 
the perpendicular height of the pitch, set oft’ from 
the upper line of the entire level cornice, if the 
pediment is intended to be open, divide the raking 
pitch into five equal parts, as in the figure, and give 
one from the centre each way, fur the opening. The 
same proportions are to be adopted when tne pedi- 
ment is circular, whether it be close, or open ; and, 
to describe the curve, nothing more is requisite, 
than to consider the raking lines of this Figure 1, ns 
chord lines of a circular pediment, which being 
bisected, and lines drawn at right angles to the rake, 
will meet in t e true centre from w hich the arch is 
to be described. In this example, the raking cor- 
nice consists only of the cima recta, which maybe 

C ractised in cases where the tympan is required to 
e large, for the admission of groups, or other con- 
siderable ornaments. Commonly, however, the 
entirecomice is placed in the raking part, whether 
close or open ; and it must ever be observed, that 
the face ofthe tympan, and that of the frieze ofthe 
level cornice, must lie in a right line with each 
other. It must also be observed, with respect to 
pediments ofthe dillerent orders, that when mutulcs 
or modillions, or dentiles, are introduced in tha 
level or lower cornice, the same are likewise to be 
placed ill the raking part, and in a line with them. 
And h£uce, in an open pediment, the due space as- 
signed for the oj.Kming must always give wav to a 
punctual regard to place dentile perpendicularly 
over dentile, from end to end of the pediment. 
Hut let it be remembered, tlmt open pediments 
ought never to lie adopted in exterior works. 

In order to manage w ith accuracy the mitering of 
the rdking mouldings with their respective returns, 
t let it be observed that three different profiles are re- 
\ quiritc, shewn at Figure 2, and 3, where a is the 
I level, b the raking, and c the return moulding of an 
open pediment Divide the contour of u into four 
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«r more equal parte, tV at 1,8, 3, &c. through which from which it should appear as not considered of 
draw right lines parallel with the rake, and from the much consequence. 

points 1,2, 3, 4, draw lines parallel with the level This difference is also to be observed between the 
noukling; then draw e d at b perpendicular to the temples built by the Greeks, and those by the 
rake, ana take the projections 4,4, &c. and place Romans. The rule of the former was, to give to 
them on the rake at ft, as shewn in the figure ; and the flanks one column more than double the number 
through these points describe the contour of the cima of those in front ; thas an octastyle would have ae- 
recta moulding of the raking cornice. Lastly at c, venteen columns in the flanks, as to the temple of 
divide f g in the same manner os before at d, and let Minerva at Athens. The Romans, on the contraiy, 
fell perpendiculars, which by intersecting their re- gave only double the number of intercolumniations; 
spective raking-lines, will give the true curve, as will thus, to an hexastyie, they would makq only eleven 
evidently appear by' inspecting Figure. 2, where columns in the flaoks, that is, ten interccdumniations* 
observe, that the projections of the level moulding ^making two columns less in the flanks than thn 
a are taken from level lines ; but, at &, the same Greeks made ; as is to the temple of Fortuna Viri- 
projections are laid on the raking-lines. Again also lis at Rome, and to the temple at Nismes in 
at c, 1, 2, 3, are on a level line, taken from I, 2, 3, France. The walls of the cell were always placed 
on the rake; and the same points may be found by opposite the columns of the pronaos, and nosticum^ 
taking the several lengths at 1, 2 , 3 , 4, on the raking according to the rule ; at least we know or but one 
lines of a, and placing them on the similar raking- example to the contrary, which is the temple oJF 
lines at c. Some architects perform this operation Theseus at Athens. \Ve thought it necessary to 
by bisecting the hypothenusal lines of each moulding, notice these instances of the variation of the ancient 
w hich answering as chords to each curve, the centre architects, that the researches and genius of modern; * 
at L, Figure 3 , is found by the common method of times might not be led into error, or fettered by ob~ 
describing a circle that will pass through three given serving as law, that which was not adhered to by 
points. those we wish to imitate. We have given plates oF 

proportions ANp CHARACTERS of the some of tbg most approved examples of the orders, • 

orders. 'with the measurements of each part, os they are in - 

As the aucients vary much in the proportions the originals. In the modern proportions in the fol- 
ttyey have assigned to each order, and as they not lowing descriptive account, we have followed Sir* 
only differ from each other, but from themselves William Chambers’s Treatise on Civil Architecture, 
also, eveu in the same edifice; it is reasonable to which by comparison^ will shew the variations of the. 
suppose that they were not bound by any settled modems from tlie ancients, 

rules. M. Perrault has been at great pains to es- tusoa.n order. 

tablish this point by chusrng the mean of the two Of the Tuscan order little historic can be said-;* 
extremes, but it is surely much better to leave this its plainness of ornament gives it the first place fa 
to the judgement of the architect who, if frittered most treatises; there is no regular example of that 
w ith rides, which confine him to certain proportions, among the remnants of antiquity. Piranigi has ’ 
will not be able to use his discretion or taste; so as given a drawing of a Tuscan base found at Rome,, 
to meet any new* circumstances in the situation or but of what date is uncertain. Vitruvius, in an 

building in which he may be employed. We do indistinct manner, has mentioned the general pro- 

not, however, mean to say that the architect is . to be portions, but through his whole book does not refer 

left without compass or guide, but we agree with to one structure of this order. The Trajan and 

the before cited author, in thinking that the beauty Antoniue columns at Rome are reckoned of the 
of a column cannot be injnred by a deviation, so tn- Tuscau order, though they have eight diameters far 
fling as a few minntes upon the height, and which their height; the torus and capitals are certainly 
the most accurate eye cannot detect. It is a re- more ornamented than is consistent with Tuscan 
mark worthy cf notice, that the ancient architects plainness. The fluting to the necks also are af- 
did not follow' in a servile manner the rules deli- ter the most ancient Doric examples. It is nonie- 
vered by Vitruvius; yet certainly what he wrote whatsingularthereshonld benoreniuiusofthisor- 
were the rules by which they planned their great der; aud, were it not for wluit little Vitruvius has* 
outline, of design, however thev might vary the written of it, it certainly might have been lost to the* 
smaller or inferior parts of an edifice. To en umcr- moderns. The plaint less of its appearance, no doubt, 
ate a few instances of variation; tLc temple of Min- caused it to be neglected at Rome; but in no other 

erva Pollias lias six columns in front, yet is prostyle, place lias been discovered any truly ancient exain- 

althongh Vitruvius allows, but four to this order, pie. Of the Doric there are unquestionably many 

The temple of Jupiter Olympus at Athens has no j remains of q very ancient date; which leads to a 
more than eight columns in front, yet is l»y padhral, I probable supposition that the Tuscan is no other 

to w hich Vitruvius gives ten columns in front. than the Doric more simplified, or deprived of its 

This is a variation recorded by himself, and without ornaments to suit certain purposes, >vhere strength? 
anv particular notice of the. violation cf the rideii and cheapness were wanted; nevertheless it is an- 
* 1 • F . £>ie* 
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I lied with propriety and effect, to the ? ntrnnce of 
ities, large gateways, and . in military architecture, 
where dignity and massive strength are required. 
The profile of this order is selected from Palladio 
he having seen some remains in Italy, which might 
lead him to more just ideas of the style the ancients 
practised. It certainly derived hs riame, though 
not its .origin, from the people of Tuscany, who J 
were fond of introducing it into ev'er^ large and] 
stately edifice. 

Sir William Chandlers gives the Tuscan order 
the foUowjng proportions ; 44 The height* of the 'co- 
lumn is fourfean modutes* or seven diameters; that 
of the whole entablature three modules 2 nd re hrJf, 
which being divided into ten equal phrts,' three are 
fori the height of the architrave* three for the frieze, 
and the remaining fonr for the cornice ; the capital 
is in height one module; the base, including the 
lower cincture (which is peculiar to the measurement 
of this order) pf the shaft, is also one module; ami 
the; shaft, with its upper cincture and astragal, is 
twelve modules 5 in interior decorations, the height 
o£the column may lie fourteen modules and a half, 
or- even fifteen modules, which increase nay be in j 
the column only.” It is customary in executing 
tliis order to diminish it one quarter^ perhaps with- 
out sufficient reason ; cs its character of extraordina- 
ry strength would oe better preserved by the usual 
diminution of one-eighth or one-sixth. 

.DORIC ORDEFI 

OFthis there are many examples still remaining; 
Rome of very high antiquity, and of proportions so 
dissimilar to the practice of later times, that orn* 
cannot help concluding they were oroduced before 
experience had matured the rules or art. In several 
Inuklmgs exhibited in the ruins of Passtum, Ionia, 
and Athens, the height of the columns does not ex- 
ceed four diametere, or at moet four and a half; the 
low appearance of these in large buddings, must 
suvely convince us, usefulness was regarded more 
than elegance of design. Indeed the history of the 
Doric order may be divided into three epochs. 
First, v\ hen the columns did not exceed four diame- 
ters in height, as to the temple called Thcricion , fen 
leagues from Athens ; here the columns have four 
diameters, and are not fluted, except four and a half 
inches under the capital, w ith regular Doric fluting; 
the rest is smooth. Also to a temple at Corinth, 
w here the columns are only three and a half diame- 
ters, and are fluted. To which may be added those 
remaining at Pa? stum, in Italy; where to one temple 
the columns are four diameters high, to another 
about one-third less, and to the other about one-third 
more. The second era may- be presumed, when the 
columns had not six diameters in height; as to the 
Propyleo, or^grand entrance into' the citadel cf 
A thens, to the temples of Minerva and Theseus at 
the.same place, which were built iri foe flourishing 
time of Pericles, w hose columns are only * five and 
a quarter diameters high. Also the more ancient 


temple of Appllq,.at< _ K tf ^ 7< 

five' diameters, aittl or plant; km w 
twenty diannejs or flutes wee inches long in tk^t 
neck, or top oftfie'coltjfi^ and asnjany at .the ibotyi 
two' inches long. The third point of time is whar 
s ; x or me re diameters were alioved, as to the tero-* 
pi? of Augur i us at Athens ; ,or as Stuart, on good t 
c v :d?ncc, <A!!s it, ££ .lie entrance. toa market,” where' 
six diameters are used- These are -all without 'bases 
irt'thJs division :nujt be included the temple of Her- * 
odes* at Cera, v/iera the colua^ns have eight and* 
three auart?-s diameter, and are on bases. Vitru- 
vius allow.} th s to be tjie most ancient order* and 
gives th? following accoyut of its origin; 44 Doras,.* 
th j ron of HelemVand the nymph Optyce, built a 
temple i:\ the ancient c;ty of Argos, to thp goddess 
Ju:;o which happened to be of this order, but which 
then had ro regular proportions; it derived its? 
name from the patron of the building. This exam* n 
pi?, or order, was followed by all the cities oCI 
Achaie. Ion, the son of Xuthys afterwards built 
ft temple in Asia, to Apollo Pauionius, of this order; ; 
and, to render it more agreeable to the eye. he gave 
six diameters to the column, being guided therein 
by the example of nature, which has given to tha 
height of man s*?: times tne length of his foot.”,- 

if. i* - 11 * r. 1 • 


Modem practice allows eight diameters, andf( 
base, which was never given to the Doric order by 
the ancients; this is another mark of its antiquity; 
for certainly tire base is no less proper than elegant. . 
Concerning the flutings, whether they were at first'* 
practised or not, is impossible to determine; the re<» 
mains ofthis order of the oldest date have fluting& 

It appears prolmble, that, when any thing }ike orna* 
ment was wished to be added, the fluting of co- ^ 
lumns early presented itself. Tliere are examples 
among the antinues of the column being squared oflA 
or wrought with pans, as they are called, instead of 
hollows- Of this kind is foe temple of Minerva at 
Syracuse, of veiy ancient Doric ; the pillars are cut 
in pans or angles, and are w ithout bases. The 
temple of Diana at the same place is also in the same; 
style of Doric. To the temple of Hercules at Cora,v 
the columns have the lower third part with pans, . 
and the upper part of the shaft w ith the regular 
Doric fluting, which is a singular instance of mix- 
ture of sty le in antique columns. These columns 
have eight and three quarters diameters for their 
height, and stand upon bases of a very ungraceful 
form. 

The triglyph, a characteristic mark of this order, 
has the appearance of art; the ends. of projecting 
ra flex's will produce this effect, or near enough, to 
bb improved into what we at present see them; the 
places assigned them also .corroborate this idea. 
Vitruvius says, that in building, they laid the joists 
from’ the interior wall to, the exterior parts, and os 
much ofthc jci4 as appeared unhandsome was saw- 
ed off, which, not having a pleasing effect, they 
made tablets like tlie triglypLs now in : use, fixeii 

them 
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teatM 4ndp r etfia painted them in 
THiidthfefrigjfyfftfe, iftterjoists, atid metope^ 
frpfliwte Ivork, bad their origin frotn the disposition 
<tf *ilje' timbers in the' roof; afterwards, mother 
vtottfcsi some made the rafteri that were perpendicu- 
larly ew£r thetf iglyphs to project out. ana carved 
theff'^rdfeetoire ; hence, as the triglypns arose froifi 
the<lfcpo<?ition ofthe joists, sb the mutules under the 
corifcwl Were derived iron! the projecture of the raf- 
Wherefore* in stone or marble structures, the 
ifteftriea-Wiere represented declining, in imitation of 
the rafters ; and also, On account of the droppings 
front the eaves, it is -proper they should have such • 
a xtefcHnhtroth This also explriiris, the ornament and 
siteetfon ofthe giitt#, or drops. The ornaments on 
th& nfretope, or the spared between the triglyphs, may 
htWe l*6tf originally trophies ofthe Deity, or imnle- 
n#hts of sacrifice placed there; the bull’s skull is 
peCOliiCto the Doric ordeV. M: Winketman has 
taken sdme pains to prove, from a passage in Euri- 
that tne metopes or spaces between the trig- 
yphs were open in tne most ancient temples. How 
this may have been, cannot now be determined; 
those strictures whicbremaln have the space filled 
w kb masonry. 

The profile wte barb given is taken from Pal- 
ladio; which has been considered as a just propor- 
tidh for this masculine order. • , 

The modem proportions, from the before-cited 
author, are as follows. The height of the column* 
meltuRng ita capital ntid base, is sixteen modules; 
the height of the entablature, four modules; which 
being divided info eight parts, two are for the 
architrave, three for the frieze, and three for the 
•orifice; the liase is one module in height; the 
•op5tal r thirty-twa minutes, or a little more. 

I OTIC OIlDUR. 

The' origin of f this order is accounted for by 
Vitruvius, in the following manrter : — u Ion, (the 
same* as before-mentioned,) building a temple to, 
Diana, and seeking some new manner to render it 
more elegant, had Tecourser as before in the Doric 
order, to the human figure; and gave to this new 
order a feminine delicacy; thus he was the first 
who gave eight diameters to a coluitin, that the 
aspect might be more ple&sing; and, that its ap-. 
pearance might be" more lofty, he added a base, m 
imitation of a fehoe; the volutes, like locks or plaits 
of hair, hanging on each side, he gave to the capital, 
ornamented with fruits, or flowers, in festoons and 
furrows; orfiutings down the column were wrought, 
resembling the folds or plaits Of a matron’s gar- 
ment. Thus lie invented t Wo kinds of columns, in 
the' Doric imitating* a nuritiy robust appearance, 
without ornament ; inthe Ionic, regarding a female 
delicacy, accompanied With ornaments pleasing and 
elegant. Succeeding 4 architects, rtiucti approving 
the T taste and ingenuity of this design, allowed 
eight diameters 'and half, to this order.” Vitru- 
vias records - an *anetdOte~ much' in piVuaeof the 


Ionic order, i a the following words: M the difficult 
ty attending the proper adjustment of the mut ates, ' 
metopes^ and triglyphs, lp Doric structures, was 
such, as frequently "to be a cause of much inconve- 
nience and trouble to architects, in large buildings, 
and also rendered tlieir aspect confused and em- 
barrassing ; on winch account, and the* massy ap- 
pearance of the Doric column, it was thppght im- ♦ 
proper for sacred buildings.:, of. thiy opinion were r 
Tarchenrjs and Pytheus, with many nnqie,nt*archr- 
tects ; also the celebrated Ilennogene9,. who, when 
he was, building the temple , of Bacchus at Teos; 
rejected the Doric, though all the marbles were 
ready cut, and in its stead erected a temple of the 1 
Ionic order. Our tw o examples of this order are 
taken from the two celebrated edifices, the tempfo 
of Fortuna Virilis, aqd the theatre of Marcellus at 
Rome. The* modern, Ionic has. the volute of tbe‘ 
capital executed op an angular plan, the same as in 
the Composite order ; so that, viewed eveiy way, it 
hos tile same appeayance ; this differs from tie ge- 
neral mode of the antiques, which was to'have the* 
volutes parallel. And to Michael Angelo this waa 
attributed as a new invention; but examples are* 1 
found in the capitals of the . angle columns in the 
temple of Erictheus at Athens, and in thetemple of 
Fortuna Y r irilis at Rome. Pir$m&si has endeavoured> 
to prove the first idea of the Ionic. volume to have " 
been derived from shells ; and certainly! many pleas- 
ing forms of convolution may be obtained from the ' 
section of shells. 

The standard of the modem proportions is as fol- 
low s: The height of the column is eighteen mo- 
dules, and that of tjie entablature four modules and 
a halt, or one quarter the keight .of the column, a9 in * 
the other orders, which is a trifle less than in the re-* * 
gular antique Ionics: the capital is twenty-cue • 
minutes, and the base thirty minutes in height; the ; 
shaft of the column may be plain, or .fluted, with 
tw enty or twenty-four flutings, whose plan may be a 
trifle more than a semicircle, because they then ap- 
pear more distinct ; and the fillet or interval between 
them must not be broader than one-third of the 
breadth of the fluting, nor narrower than one quar- 
ter thereof ; the ornaments of the capital are to cor- 
respond with the flQtings of the vdiaft; and there 
must lie an ove above the middle of arch fluting. 
The entablatme being divided into ten.exfhal pails, . 
three are for the architrave, three for the frieze, and 
four for Ihe cornice. I n interior decorations, w here 
much delicacy is required, the height ofthe enta- 
blature may lie reduced to one-fifth of the height of 
the column. 

COHI N THI AN ORDER. , 

This differs from the Ionic only in it^capital; the 
Ionic capital having no irioyq tljan one-third of the 
diameter of the column for its height ;' but the Co- 
rinthian capital is allowed one entire diameter, 
which gives to the colunyi a noble but delicate. 

*] grandeur! The other members placed on the Co- 
rinthian 
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rinthian pillarr, are common to the Doric and Ionic, 
orders; ibr it has no particular species of ornament ! 
peculiar to its cornice ; sometimes it has the Doric [ 
mutules and triglypha in the architrave; sometimes 
an Ionic frieze, with dentiles in the cornice ; in a ; 
manner, it is no more than a third order, risen out ! 
of the former two, which has nothing peculiar to j 
itself but the capital. Its origin Vitruvius records i 

follows: W A marriageable young lady of Corinth 
fell ill, and died; after the interment, her nurse col- 
lected together sundiy ornaments with which she 
used to be pleased, ana, putting them into a basket, 
placed it Bear her tomb; and, lest they should lie 
injured by the weather, she covered the basket with 
tile, it happened the basket wxs placed on a root 
of acanthus, which iu spring shot forth its leaves ; 
these, running up the side of the basket, naturally 
formed a kind of volute, iu the turn given by the tile 
to the leaves. Happily Callimachus, a most iugen- 
tous sculptor, passing that way, was struck with the 
beauty, elegance, and novelty of the basket sur- 
rounded by the acanthus leaves; and, according to 
this idea or , example, he afterwards made columns 
for the Corinthians, ordaining the proportions such 
as constitute the Corinthian order. ” Vitruvius, in 
the foregoing account, forgot the peculiarities of the 
Corinthian cornice, or the entablature to that order 
was not then practised in the manner we find re- 
maining among ancient buildings ; for to this cornice 
the moailion is ever an attendant. But exactly ac- 
cording to this description of Vitruvi us, is the cor- 
nice of the portico at Athens, called Poikilie, as re- 
presented by the indefatigable Stuart, in his valua- 
ble antiquities of tfiat aucient city. 

The beauty and elegance of this order have ren- 
dered it famous, and the many examples existing 
among the fragments of antiquity, sufficientl y evince 
the great esteem with which it was regarded. The 
ravages of cruel and desolating war, however, have 
not l^ft us one remain of this order, from among the 
many celebrated examples which the cit y of Corinth 
possessed, where arts of every kind, and particularly 
architecture, eminently flourished and were carried 
to perfection. In later times die conduct of Lucius 
Mummius, in the destruction of that polls! c;i people 
and citv, would have justly been considered ns the 
grossest barbarism; the temples, the sacred build- 
ings, were destroyed, and levelled with the ground; 
$o that at one stroke the works of ages were desola- 
ted, the labours and ingenuity of thousands were 
destroyed, and posterity deprived of every trace of 
this order, in the place of its nativity and nurture. 
Although Rome w ould not sutler Corinth to exist as 
a rival city, there is no doubt but she deigned to tbl- | 
low the rules and laws of art established by her van- 
quished enemy, especially in architecture. Tilt* 
elegance and parity of style in many ef her build- 
ings clearly etince Grecian ingenuity and refine- 
ment. 

The profile we have given, is according to Pal- 


ladio’s measurements; the universal celebrity of 
this master, pointed it out as a proper examples 
The moderns have adopted the following propoiv 
lions ; the column is twenty modules in heupitt; tht 
entablature five modules; the base one 
may be either Attic or Corinthian ; the capital bar 
seventy minutes in height; the proportion of the 
members of the entablature is the same as in tha 
Tuscan and Ionic orders. If the entablature isen v 
riched, the shaft of the column may be fluted, and 
the flutings may be filled to one-third part of tlieir 
height with cabling, which will strengthen the 
lower part of the column, and make it less liable to 
injury. In very rich interior decorations, the ca- 
bling may be composed of reeds, ribbands, husks, 
flowers, &c. The capital is enriched witn olive- 
leaves, as almost all tne antiques at Rome of this 
order are ; the acanthus is seldom employed but ia 
the Composite order : the entablature may be redu* 
ced to two-ninths, or one-fifth of the height of the 
column; in which case it is best to use the loui^ 
entablature, or reduce the dentiles of the coruice, ^ 

COM POSIT E OftDER. ' 

The Composite, or Roman order, seems to owa 
its origin to that constant solicitude after novelty*- 
which ever jenders the mind of man restless in en- 
lightened and highly cultivated ages. The desire of 
variety and novelty, either of new invention, or com- 7 
bi qation, probably engaged the Roman architects tp 
unite with the proportions and enrichments of the 
Corinthian order, the anguhir volute of the Ionic,/ 
and by this union to compose a new' order. The 
introduction of the augular Ionic volute, and the / 
omission of the upper row of leaves in the capital*,, 
certainly give it a more bold and noble aspect than * 
that of the Corinthian capital, yet different from any , 
of the other orders, possessing an elegance and pro- y 
jection very pleasing, and may be used with very 
agreeable and happy effects. There are many ex- 
amples remaining at Rome, which shew the general 
estimation of this order, in the height of its splen- 
dour and prosperity. In their triumphal arches, it 
was used with good effect, where it produced an 
agreeable boldness, uniting elegance and ornament 
The example given in die aunexed plate, is after 
Vignola; the justness of the proportions, with the 
elegance of the ornaments, mark it as a. proper 
standard for the Composite order. The proportion* 
adapted to it by the moderns are as follow : the 
height of the column is twenty modules ; and that 
of the entablature five modules; the capital Inis 
seventy minutes in height; the base measure* 
the same as in the Doric and Ionic orders; and, as 
the rpodule is less, all its parts will of course be more 
delicate; the shaft may be enriched with ttutings, to 
the number of twenty or twenty-four, as in the lomc . 
order; there is no reason why they should be aug- 
mented. The principal members of the entablature 
may have the same proportions as the two former 

orders, viz, being divided into ten equal 

; ° three* 
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iferte sire for the height of the architrave,^ three for 
the frieze, and four for the cornice. 

We may add here, more to complete the history 
than to recommend their use, that there are ancient 
examples of oval columns; where the circle of the 
column is elongated by a broad plain space on the 
two opposite sides of the shaft. Of this kind were 
some fragments found in the island of Delos, by M. 
le Roy. There are two others at La Trinite du 
Alont,.at Rome: also in the tomb near Mylassa, in 
Greece, according to M. de Choiseul, this elegant 
structure is very perfect ; is of a square form, on a 
basement; the pillars are insulated, and support a 
vaulted ceiling highly enriched ; each front has two 
oval fluted Columns with the narrow face outwards; 
at the angles are pilasters having the same enrich- 
ments as the columns; the capitals are Composite, 
and the volutes are omitted. This elegant little 
morccau is of white marble, and about nineteen feet 
square. 

It has often been contended, that, strictly speak- 
ing, there are only three orders in architecture, 
namely, the Doric, Ionic, and Corinthian; the other 
tivo, viz. the Tuscan and Composite, being only va- 
rieties. And perhaps it would simplify and facili- 
tate the study of architecture, were this restriction 
universally to take place. The only circumstances 
that can serve to distinguish one order from another, 
are the form of the column, and its destination. To 
make the first a distinguishing mark, without regard 
to the other, would be to multiply orders without 
end. Destination is more limited, and it leads us to 
distinguish three kinds of orders; one plain and 
strong, for the purpose of supporting plain and 
massy buildings; one delicate and graceful, for 
sustaining buildings of that character; and between 
these a third, for supporting buildings of a mixed 
nature. So that, if destination alone were to be 
regarded, the Tuscan is of the same order with the 
Doric, and the Composite with the Corinthian. 

An order may be divided into two parts, the co- 
lumn, including the plinth of its base, w ith the aba- 
cus of the capital ; and the entablature, which 
includes ail above the capital, and may be divided, 
in the large, into die architrave, the frieze, and the 
cornice. 

Jlv examining the antiques, it will be found, that, ' 
in all their profiles, the cyma and the cavetto are 
constantly used as finishings, and never applied 
where strength is required ; that the ovolo and talon 
are always employed as supporters to the essential 
members of die composition, such as the modiliions, 
dentiles, and corona : that the chief use of the torus 
and astragal, is to fortify the tops and bottoms of 
columns, and sometimes pedestals, where they are 
freauently cut in the form of ropes; and that the 
scotia is employed only to seperate the members of 
bases, for which purpose the fillet is also used, not 
only in bases, but in all kinds of profiles* An as- 


semblage of essential parts and mouldings, fe termed 
a profile ; on the choice, disposition, and propor-^ 
tion of these, depends the beauty or deformity of' 
the profile! The most perfect are, such as are cpn> * 
posed of few mouldings, varied both in form and 
size, fitly applied with regard to their uses, and so 
disposed, that Hie straight and curved ones succeed 
each other alternately, in every profile there should 
be a predominant member, to which all the others 
ought to be subservient, and seem made either to 
support, to fortify, or to shelter it from the injury of ' 
the weather, as in a cornice where the corona is 
principal, the cyma. or cavetto cover it, and the mo- ' 
diJlioqs, dentiles, ovolo, and talon, support it* 

When ornaments are employed to adorn the ' 
mouldings, some of them should be left plain, in | 
order to form a proper repose ; for* when all are* 
enriched, the figure of the profile is lost. In a cor- 
nice the corona should not he ornamented, nor the 
modillion band; neither should the different facia# : 
of architraves, the plinths of columns, fillets, nor 
scarcely any square member, be carved; fof they 
are generally speaking, either principal in the com- 
position, or used as boundaries to* other parts ; in. > # 
either of which cases, their figures should Ire distinct 
and uuembarassed. The dentile band should re- * 
main uncut, where the ovolo and talon immediately » 
above and below it are enriched; for, when the den- 
tiles are marked, particularly if they Ire small, the 
three members are confounded together, and, being 
covered with ornament,, are much too rich for the 
rest of the composition ; a fault carefully to be 
avoided, as the just and equal distribution of enrich- r 
meats is on all occasions to be attended to. For,: 
in effect, the ornaments of sculpture in architecture, • 
are like diamonds in a lady’s dress, with which.it \ 
would be absurd to coyer her face, and other parts 
that are in themselves beautiful. When mouldings * 
of the same form and size are employed in one pro- 
file, they should be enriched with the same kind of * 
ornaments. It must be observed, that all the orna- 
ments of mouldings are to be regularly disposed, 
and answering perpendicularly above each other; 
the middles of the. modiliions, dentiles, oves, and 
other ornament^, all in a line; for nothing is worn ■ 
confused and unseemly, than to distribute them 
without any kind of order. The larger parts are to 
regulate the smaller; all the ornaments in the enta- • 
blature are to be governed by the modiliions or nut- 
titles; and these are to be dependant upon the 
interv als of the columns, and so disposed, that one 
of them may correspond with -the axis of each co- 
lumn. It is farther to be observed, that the orna* * 
ments must partake of the character of the order • 
w hich they enrich ; and those used in the Doric and 
Ionic orders must be of a simpler kind, and grosser 
make, than those employed in the Composite and 
Corinthian, In the exterior, whatever docs not 
contribute to the general effect of the whole build- ' 

G iug, 
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igg, iff in a grotft measim* osriew, and an exppnce 
that might more judiciously be employed in places 
where it could be more attended to, Tlie parts that 
are in themselves large, and so formed and disposed 
as to receive Inroad musses and strong impressions 
of light and shade, will of course excite great ideas; 
but, if they are broken into a number of small di vi- 
rions, and their surface so varied as to catch a thou- 
sand impressions of light, de mi -tint, and darkness, 
the whole will be confused, trilling, aud incapable of 
ocuisiqg any great emotions. 

The appearance of columns . is often varied by ad- 
ding rusticated, cinctures at equal (or other) dis- 
tances to a column: this is a modern invention, 
which gives a very unnatural appearance, and dis- 
guises the noble figure of the column. Rustic work 
id with greater propriety, and better effect, introdu- 
ced into large entrances, parks, and. gardens; also 
into grotto#, baths, or fountains, where an irregular 
and rough appearance better suits the place and 
purpose. jUe .Clerk says, these kind of rustic orna- 
ments are never to be. imitated, excepting in the 
gates of citadels or prisons, in order to- render their 
entrances more rugged and frightful. 

The Autings of columns are sometimes wrought 
.round, or spirally on the column ; there is an ancient 
example of this, in a . small temple below Trevi, in 
Italy, the plan and elevation or which are given by 
Palladio, where, of four columns in front, two have 
their columns spirally, and the two centre ones are 
wrought with leaves on the shaft. 

The rule for the diminution, of oahimns has. ever 
varied ; the ancients frequently diminished the co- 
liynn, from the very foot, or "from one-quarter or 
oue-third of its height; the latter method is now ge- 
nerally practised; the diminution should be seldom 
less than one-eighth part of the lower diameter of 
the shaft, nor more than one-sixth, this latter is the 
more graceful : some, by way of giving a better 
contour or appearance, allow a small swell, or bol- 
lying, in the lower part of the middle division of the 
pillar. 

It will here be proper to give the general rules to 
be observed in pedestals, where it is necessary to 
introduce them. They consist of three principal 
parts ; the base, the dye, and the cornice* A deter- 
minate rule, however, cannot be given, as they must 
be made to vary in height according to the circum- 
stances which render them useful ; they have ever 
been considered as mere auxiliaries, to give height, 
and elevate the column above surrounding objects 
which impede its view. When they are used by 
choice, it is common to give them one-third, or one- 
quarter part of the height of the column and enta- 
blature, which is thus divided: of nine equal parts, 
two are for the base, one for the cornice, the re- 
maining six for the dye, of the pedestal, which is 
equal in size to the plinth of the column* the en- 
richment* should be regulated by those of the enta- 
blature, &c. whereby they are made subserv ient to 


each distinct order. When ariimms are in •couple*, 
if pedestals are used, they should have but cm* 
also in a colonnade or peristyle there should be but 
one pedestal continued, having breaks or projec- 
tions in the cornice, <fec. so that each column may 
*eem to have its particular pedestal. 

Each column has its particular base. TBfe Tus- 
can base is the most simple, having only a torus and 
plinth. The Doric base has an astragal more than 
the Tuscan. To the Ionic base the torus is larger 
on a double scotia, with two astragals between. 
The Corinthian base has two toruses, two scotins, 
and two astragals. The Composite base has one 
astragal less than the Corinthian. The Attic base 
consists of two toruses and a scotia, and is applica- 
ble to every order except the Tuscan, which has its 
particular base 

Pilasters differ. from columns only in their plan; 
which is a square, as that of columns is round. 
Their bases, capitals, and entablatures, have the 
same parts, with the same heights and projections, 
as those of columns ; they are also distinguished in 
the same manner, by the names of Tuscan, Done, 
Ionic, Corinthian, and Composite. Th column is 
undoubtedly more perfect than the pilaster; how- 
ever, they may be employed with great propriety 
on many occasions. Some authors declaim against 
pilasters, because, according to them, they do not 
admit of diminution. But this is a mistake; there 
are many instances, in the remains of antiquity, of 
their being diminished. Scamozzi always gives his 

n ’ 1 isters the same diminution as his •columns;. Pol- 
io and Inigo Jones hove likewise diminished 
them in many of their buildings. Pilasters w* 
employed in churches, galleries, halls, and other 
interior decorations, to save room ; for, as they 
seldom project beyond the solid wall,- above one- 
quarter of their diameter, they do not occupy i*> r 
so much space as columns. They are likewise 
used in exterior decorations; sometimes alone, 
instead of columns, on account of their being k 59 
expensive; and sometimes they accompany co- 
lumns, being placed behind them to support the 
architraves^ where they enter the building, a$ 
the Pantheon at Rome; or, in the some line with 
them, to fortify the angles, as in the portico of SeP- 
timius. When pilasters are used alone, they should 
project one-quarter of their diameter beyond the 
walls. When placed behind columns, especially « 
they bo very near them, they need not project above 
one eighth of their diameter. But, when placed on 
a line with columns, their projection must be re- 
gulated by that of the columns ; and consequently 
it can never be less than a seini-dia meter, even 
when the columns are engaged as much as possude. 
The shafts of pilasters are frequently adorned with 
t lutings in the same manner us those of columns* 
die plan of which may - be a trifle more than a 
semi-circle; tlieir number must be seven on can 
face, which makes them nearly of the same size 
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h those of columns. The intervals, or fillets, The ancients made frequent use of P*r4anft and 
moat either be one-third or one-fourth of the fluting* Caryatides, and delighted in diversifying tlicm a 
hi breadth. The capitals of pilasters are profiled thousand ways. The modern artists have followed* 
nearly in the same manner as those of columns. their example ; and there is a great variety of com- 

' Attics had their origin in Athens, where it was positions of this kind to be met with in different 
for many ages a rule in building to conceal the roof, parts of Europe. The Caryatides, or female iu 
For this purpose, nothing served so well as a kind gurcs, should never much exceed the human size, 
of low or little order ranged in a continued line, But the Persians, or male figures, may be of any 
singly, or with the interruption of balusters ; which size ; and the larger the better, as they will strike 
rising above the rest of the work and before the the beholder with the greater awe and astonishment* 
roof, hid it perfectly, and placed something agreea- Persians may be used with propriety in arsenals, 
ble in view. The place of attics, therefore, is at galleries of armour, &c. under the figures of cap- 
the uppermost extremity of a building, to which tives, heroic virtues, &c. Their entablature ought 
thw serve as a crown, or very properly make a to be Doric, and bear the same proportion to them 
finishing for the other orders when they have been as to columns of the same height. I'he entablature 
used in the structure. Tltey must never stand for Caryatides ought to be either Ionic or Corm- 

under any thing except such ornaments as are thian according as the character of the figure is 

placed at the very top. These attics should never more or less delicate. 

exceed in height one-third of the. height of the order Termini are sometimes employed,* instead of Per- 

on which they are placed, nor be less than one- sians or Caryatides, to support the entablatures of 
quarter of it. The base, dye, and cornice, of which monuments, chimney-pieces, and such-like composi- 
they are composed, may bear the same proportions tions. These figures owe their origin to the stones 
to each other as those of pedestals do ; and the base used by the ancients to mark the limits of particular 
alid cornice may be composed of the same mouldings possessions. Nurau Pompilius, . to render these in- 

as those pedestals. Sometimes the attic is con* yiolable, consecrated the Terminus into a deity, and 

tinned throughout; at others,. it projects, and forms instituted festivals and sacrifices to his honour. In 

a pilaster over each column of the order. The a short time, what was formerly only large upright 
breadth of this pilaster is seldom mode narrower stones, were represented in human shape ; and after- • 

thaw tbe tipper diameter of the column below it, and wards introduced as ornaments to temples and other 

|iever broader, its projection may be equal to oiie- buildings. The Termini are now principally used as 

quarter of its breadth. ornaments for gardens and fields. 

Besides columns and pilasters, it is sometimes of the racked buimungi op t»jb ancients., 
cw 5 tomaiy r to employ representations of the human Tiie elegance- and magnificence of a structure . 
figure, to support entablatures iu buildings. The depending very much on the proper placing of the 
male figures are called Persians; and the female, columns, we shall add the rules laid down by Vi- 
Carums, or Caiyatides. The Persians are so called truvius, as observed bv the ancients, and allowed 
from a victoiy gained over the Persians by Pausa- by the moderns, in tlie disposition of columns, 
nias, who ha viug brought home spoils and trophies called by that writer the five specie* of building; 
to the Athenians, they fixed upon Persian figures for which are as foHow — 1st, the Pycnostyle, that is 
those which should support- eiftablaturos, and thus thick of columns; 2d, the Systyie, that are a little 
kept in mind that there were once Persian slaves in wider; 3d, the Dkjstyle, still wider ; 4th, the 

Atriens. To represent these conquered people in Aroeostyle, more distant than is proper; and 5th,. 

the lowest state possible, they loaded them with the the Eustyle^ .which is the proper distance., 
heaviest entablature, viz. that of the Doric order. To the pycuostyle, ther distance of the inter* * 
In process of time, however, other figures besides columniations, is one diameter and a half of the. 
those of Persians were introduced, and other enta- column ; as in the temple of the divine Julius ; the 
Matures nut over them ; but the name was still re- temple of Venus in, Cmsars Forum, and many 
tained. The proper Caryatides are women dressed others after the same maimer. The systyle has two 
in Ion* robes, after the Asiatic manner; and the ori- diameters ot‘ the column between the intercclunuua- 
gin or the device was as follows: The (Durians had tion, and the plinths of the base are equal to the - 
been long at war with the Athenians, but, being at space which is between two plinths ; as in the teui- 
le’Jgtfi totally vanquished, their wives were led away pie of Fortima Equestris, near the Stone Theatre? ; 
captives; and, to perpetuate the memory of this and others mode after the same proprot ions. Both 
event, trophies were erected, in which figures of wo- these sorts are inconvenient; by the frequency dF 
men dressed in the Caryatic manner, were used to the columns, the view of tHft door, and the signs or 
support entablatures like the Persians ; and though trophies of the deity, are hid, and the narrowness of 
other female figures were afterwards used in the tlve porch is inconvenient for walking. The dias- 
same manner, the name cf Caryatides w as always tyle lias this distribution, viz. three dkmieters of the 
retained. * " columns between the intercohinmiations, as in the 

U temple 
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temple of Apollo and Diana. This has its inc cr»ve- 
niences; because the architrave, on account of the 
distance between the columns, is liable to break. 
In the arceostvle they use neither stone nor marble, 
but make the j^ams of durable timber. This kind 
of building is straggling and heavy, low and broad. 
The pinnacles are generally ornamented with fictile 
or yarthen-ware, or brass gilt after the Tuscan man- 
ner, as in the Circus Maximus at the temple of Ce- 
res, and in Poinpey’s temple of Hercules, and also 
in the capitol. The eustyle manner, tor its. useful- 
ness, beauty, and durability, merits every commen- 
dation. It is formed by allow ing to the distance of 
the intercolumniations two diameters and a quar- 
ter, and to the middle intercolumniation only, 
both before and behind three diameters. Thus 

the figure has a beautiful aspect, is accessible, 
without impediment, and round the cell is a 
stately ambulatory. The rule is this; the front 
of the building of it is tetrastyle (four co- 
lumns), is divided into eleven parts and a half, 
without reckoning the projection of the base of the 
column. If ijt is hexastyle (six columns), it is divi- 
ded into eighteen parts. If it is octant \ le (eight co- 
lumns), it is divided into twenty-four parts and a 
half. Of these parts, one, whether the building be 
tetrastykf, hexastyle, or octaatvlc, shall be a module, 
which is to be the thickness of a column, Uadi i«- 
tercolumniation, except the middle one, must be two 
modules and a quarter; the middle one shall have 
three modules both before and behind; t lie height | 
of the columns shall be eight modules and a half; 
by this division of the intercolumniation, the co- 
lumns have a just proportion. Home affords no ex- 
ample of this kind; but at Teos in Asia is one, the 
temple of Bacchus, which is octastyle. 

Hermogenes was the first inventor, of these pro- 
portions ; he also first used the octastyle pseudo- 
dipteral; he first contrived to take away, without 
injuring the beauty, the inferior range of columns 
in the dipteral (which are thirty- four), thereby very 
much decreasing both the lab ur and expence ; this 
also gave a very large ambulatory round the cell, 
and, without missing the superfluity, preserved the 
majesty of the whole; for the walls and the columns 
were thus first disposed, that the view, on account 
of the asperity (asperitas) of the intercolumniation, 
should have more ma jesty ; besides, it has this con- 
venience of sheltering a great many persons from 
rain, as well round, as within theeell, which in- 
cludes a great space. This disposition of pseudo- 
dipteral buildings was first discovered by the labour 
of the great and discerning* spirit of Hermogenes; 
which, like a fountain, will serve posterity from 
whence to draw rules for the science of architecture. 

The columns to the a ran) style should have for 
their thickness one-eighth part of their height. 
For the diastyle, the height of the column is to be 
divided into eight parts and a half; one part for the 


thickness pf the column. For the mtyle, the heigfft 
shall be divided into nine parts and a half; *pne paft 
for the thickness of the column. Also for the pyc- 
nostyle, the height shall .be divided iutoten parts; 
one part for the thickness of the column. . The eu- 
style ako is divided into eight parts and a half, the 
same as the diastyle ; one part is given for the thick- 
ness of the column; and for the solidity of its 
parts it shall have improper intercolumniation. As 
the space between the columns increases, so ought 
also the thickness of the columns. If it is ara?ostyle ; 
and they should only have a ninth or tenth part for 
their thickness, they will then appear tall and slen- 
der, on account of ike length oft' e intervals; for 
ti»e aisle will in appearance diminish thS thickness 
of the columns. On the contrary, if it is pyciiostyle. 
and the columns have an eighth part of their thick- 
ness, they have a clumsy ami uugraceful appearance, 
on account of the frcqueucy of the columns, and the 
narrowness of the intervals; for this reason, the 
symmetry and proportion of each order should be 
attended to. Also the thickness of the corner co- 
lumns must be increased one-fiftieth part; fur, by 
the great surrounding space, they w ill appear small- 
er to the view, and it is necessary art should rectify 
this defect of vision. 

APPLICATION OF THE FIVE OJIDERS IN 
BUILDING. 

Among the ancients, as we have already seen, the 
use of the orders was very frequent, many of their 
cities were provided with spacious porticos, their 
temples were surrounded with colonnades, and their 
theatres, baths, basilicas, triumphal arches, mauso- 
leums, bridges, and other public buildings, were 
profusedly enriched witli colt.ur.8; as were likewise 
the courts, vestibules, and halls, of their private 
villas and houses. 

In imitation of the ancient*, the moderns have 
made the orders of architecture tl e priocipal orna- 
ments of their structures. We find them employed 
in almost every building of consequence; where 
they are sometimes merely ornamental, but at other 
times of real use, serving to support the incumbent 
weight of any structure erected upon them. On 
some occasions they are employ ed alone ; the whole 
composition consisting only of one or more ranges 
of columns, with their entablature. Upon other 
occasions the intervals between the columns are 
filled up and adorned with arches, doors, windows, 
niches, statues, basso-relievos, and other similar 
inventions. The columns are either placed imme- 
diately on the pavement, or raised on plinths, pedes- 
tals, or basements; either engaged in the walls of 
the building, or standing detached, either near, or 
at some distance from them; und frequently dif- 
ferent orders are placed one above another, or inter- 
mixed with each other on the same level. In these, 
and in all other cases, in which the orders are intro- 
duced, particular measures, rules, and precautions, 

are 
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me to be observed, which we shall now endeavour ’ 
to explain and illustrate. j 

.OF 1NTE RCOLUM-N I AT IONS AND ARCADES. j 

Columns are either engaged or insulated ; and, t 
when insulated or detached from the wall, they are 
either very near, or at a considerable distance from 
it. When they are placed at a considerable distance 
from the wall, they are destined to support the en- 
tablature ; and their distance from each other should 
be consistant both with their' real and apparent soli- 
dity. Engaged columns are attached to the wall, 
and are not limited in their intercolumniations, as ! 
they depend on the breadth of the arches, doors, 
windows, niches, or other decorations, placed in 
them. 

Palladio says, the iutercolumniation of tbe Tus- 
can order was adapted to farm-houses and other rus- 
tic works, as it afforded a passage for carts, and 
was attended w'ith the least expence. In structures 
built entirely of stone, they used a shorter interval, 
more suitable to the length of their marble blocks, 
and more agreeable to the ponderous fabric which 
they occasionally supported : lor which reason the 
diastyle andeustyle modes were sometimes applied 
to this order. The moderns have indeed adopted ! 
these two as their general rule, and apply them to j 
every order except the Doric. The areostyle, how- ! 
ever, "is sometimes, by a modern contrivance autho- 
rised by a few exam plea of the ancients, introduced 
in porticos and peristyles. This mede of the areos^ 
tyie is from Perrault, and is managed by placing | 
two columns together at the angles, so close as to 
admit the two capitals nearly into contact. This 
manner which is termed grouping, takes off, from the 
excessive width of this kind of interval,, whilst it 
adds to it both real and apparent strength, as is ex- 
emplified in St. Paul’s church in London, anil in the 
palace of the Louvre at Paris.. 

Arches, or arcades, are not so magnificent as colo- 
nades; but they are more solid aud less expensive. 
They ore proper for triumphal entrances, gates of 
cities, of palaces, of gardens, and of parks, und, in 
general tor all openings that require an extraordi- 
nary breadth. There are various manners of adorn-, 
ing arches. Sometimes their piers are rusticated; 
sometimes they are adorned witn pilasters, termini, 
©r caryatides; and sometimes they are made suffi- 
ciently broad to« admit niches or w indows. The 
circular part of the arch is either surrounded with 
rustic keyr stones, oy with an arcbivolt eurichcd with 
mouldings; which, in the middle, is. sometimes in- 
terrupted by a console, or mask, serving at tbe same 
. time, as a key to the arch, and as a support to the j 
Architrave of the order. The arcbivolt is sometimes 
supported by an inqiost at the head of the pier; and 
a* others by columns placed qn each side of it, with 
a regular entablature, or architrave and cornice. 
.There are also instances of arcades without piers; 
the arches being turned on single columns, as in the 


temple of Faunus at Rome, &c. But this practice 
ought to be seldom imitated, as it is neither 6olid 
nor handsome. When, however, arcades are em- 
ployed to ornament domestic apartments, the breadth 
of the pier need not exceed one-quarter of the open- 
ing of the arch. When arches are closed up to re- 
ceive doors, windows, or niches, the recess should 
be sufficient to contain all the projections of w hat is 
placed therein, otherwise their appearance is clumsy, 
and will become too principal, which produces a bad* 
effect in the composition. 

When arches are large, the key-stone should never- 
be omitted, but cut in the form of a console, and 
carried close under the soffit of the architrave, 
which, on account of its extraordinary length, re- 
quires a support in the middle. The imposts ol 
arches should never be omitted; at least, if they be, 
a platform ought to supply their place. If columns. - 
are employed without pedestals in arcades, they 
should always be raised on a plinth. In arches of 
great magnitude, the circular part ought not to 
spring immediately from the impost, but take itp 
rise at such a distance aliove it as is necessary iiu 
order to lmve the whole curve seen at the proper* 
point of view. 

The void or aperture of arches should never he 
higher, nor much lower, than double their breadth; 
the breadth of the pier should seldom exceed two*- . 
thirds, nor be less than one-tbird, of the breadth of 
the arch; and the angular pier ©ugh t to.be broader 
than the others, by one-balf, one-third, or one- , 
fourth ; the impost should not be more than one- 
seventh, nor ki4S than one-ninth, of the aperture; 
and the arcbivolt must not l>e more than one-eighth^ 
nor less than one-tenth, of it. The breadth of the 
console must, at tUe bottom, be equal to that of the 
arcbivolt; and its sides must be drawn from tho 
centre of the arch the length of it must not be less 
than one and a half of its smallest breadth, nor more 
than double* The thickness of the pier depends on 
the breadth of the portico; for it must be strong 
enough to resist the pressure of its vault But, to 
give beauty to the building, it should not be less 
than one-quarter of the breadth of the arch, nor 
more than one-third. 

The propor ions peculiar to the Tuscan arch,, 
without pedestals, are as follow: lit height, their 
aperture is seven diameters and a quarter, in width 
four, and from centre to centre of the columns six, 
diameters. According to the preceding remarks, 
the arcbivolt and imposts are half a diameter, and 
from tbe top of the arcbivolt to the under side of. 
tlie architrave should not be less than fifteen mi-* 
notes. The breadth of the key-stone at the bottom 
is equal to it* arc hi volt; aud its spreading sides are 
determined by lines drawn from the centre of the 
arch. The Tuscan arch with pedestals is in width, 
four and a half, and in height eight diameters and .'v 
quartet; and from centre to centre qf each pier i*. 

LI 
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nix and three-quarters. In every other particular c Arches of this older, with pedettak, hate tkffi 
they are subject to the preceding rales. apertures in height nine diameters and thirty rai- 

The intercolumniation of the Dorio order is often ! nu!es, and in their width five diameters fifteen mi- 
attended with peculiar difficulty* arising from the nutes. The piers are two diameters and fifteen 
strict regard that is necessarily paid to the width of | minutes wide in front, and from centre to centre of 
the triglyph, and tlte perfectlv-square form of the ; each is seven diameters fifteen minutes, 
metopes, or their intervals. Besides that, it is ab- With respect to the mtercohinmiation of the 
aolutely requisite, that a triglyph should be placed j Ionic, Corinthian, and Composite orders, what has 
^exactly over the centre of every column. For been already observed on the subject will suffice: 
•these reasons, the mutules und triglyphs have been and, as to the arches peculiar to each order, all that 
omitted in capital works, both ancient and modern, is necessary, after what lias been remarked on the 
as m the Coliseum at liome, and the Royal Hospi- two preceding orders, is a careful inspection of the 
tal at Greenwich* Pallado has, however, given one plates, whereon all the dimensions are ascertained, 
instance of an ancient temple w ith angular triglyphs. of orders upon orders, and of basements. 
'This structure, which he terms the Temple of Piety, When, in a building, two or more orders are em- 
ia mentioned by Vitruvius, with an eye to the* ployed, one above another, the law9 of solidity 

difficulty occasioned by the triglyphs being thus require the strongest should be placed lowermost, 

placed 7 which reduces the intercolumniation oftiie Hence the Tuscan must support tne Doric, the Lkx 
two angular columns to one diameter and a quarter, ric the ionic, the Ionic the Composite or Corim 

which is less than the pycnostyle. The next inter- tiiian, and the Composite the Corinthian. This rule, 

columniation is still greater, approaching nearly to however, is not strictly adhered to. Most author* 
Ibepireostyle, as is evidently necessary to bring the place the Composite above the Corinthian. There 
triglyph over the centre of the third column from are likewise examples where the same order is re- 
the angle. The next, which is the centre interco- peated, as in the theatre of Statilus Taurus, and in 
lumniation, and ihces the entrance of the temple, is the Coliseum, and others, where an intermediate 
rather more than eustyle, or two diameters ancla order is omitted, and the Ionic placed on the Tns- 
quarter; and has, in the metope, ditriglyph. But j can, or the Corinthian on the Doric. But none of 
the intervals between the triglyph are much too nar- these practices ought to be imitated. In placing 
row for their heights, so as to produce an unfavour- columns above one another, the axis of all the ro- 
uble effect. The other spaces are ' monotriglyph, 1 mans ought to correspond, or be in the same per- 

and are perfect. The regular intercolumniation of pendicular line, at least in front, 
the Doric order in the monotriglyph, or pycnostyle, With regard to the proportions of columns placed 
which admits of one between two columns. The above each other, Scamozzi’s rule, that the lower 

ditriglvph, or eustyle, admits two; and the araeostyle diameter of the superior column should constant^ 

is tritriglvph, -or consisting of three; but the most be one, equal to the upper diameter of the inferior 
perfect of these is the ditriglyph. ■ is universally esteemed the best, and gives all 

When the capitals and buses of coupled Doric co- the columns the appearance of one long tapering 
lumns have their proper projections, and are at any tree, cut into several pieces, in this country,, there 
distance from each other, the metope between them I are few examples of more than two stories of co- 
will be rather too wide ; but that may be avoided | lumns in the same elevation; and though in Italy, 
.by confining the projections, or making the triglyph j and other parts' of Europe, we frequently meet with 
one minute more than it really should be, and plac- three, and sometimes more, yet it is a practice by no 

ing or removing its centre a minute within the axis j means to be imitated; for there is no possibility of 
of the column, which trifling differences will not be | avoiding many striking inconsistencies, or of preaer- 

i jereeived without the nicest examination. In small ving the character of each order in its intercoluni- 
niildings, such as temples and other similar orna- liial decorations, 
ments-ibr gardens, the intercolunnriat ions may be Instead of employ ing several orders one above the 

determined without paying a strict regard to the ge- o*her, the ground-floor is ntore judiciously made in 
jr.eral rules for the distances of columns; always the farm of a basement, oil which the order that de- 
observing, however, that such works must have an | corates the principal story is placed. The propor- 
interval that w ill admit of an easy passage between I tions of these basements are not fixed, but depend 
them. on the nature of the rooms on the ground floor. In 

I),oric arches, without pedestals, are seven dia- t ho place of the Porti in Vicenza, the height of the 
ureters and three-fourths high, and in width four jj basement is equal to that of the order. In some 
diameters and fifteen minutes. The piers are two j buildings, its height exceeds two-thirds of that of the 
modules in front, and in thickness- one module,' ordcr:and,inothers,onlyhalftiieheightoftheor- 
XwH.ty*two minutes and a half; or in proportion to der. It is not, however, advisable to make the 
■their distance from the wall. From centre to cen- basement higher than the order it supports ; neither 
tre of each pier i- six diameters and fifteen minutes, i should it be lower than eao-kalf of the order. 
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Tto moajrn^li^^f (fccoratof basements » tvith 
rustics of different kinds. The. best* where, neat- 
ness and finishing is aimed at, are sacb as hare a 
smooth surface. Their height, including the joint, 
should never be less, nor much more, than half a 
module of the order placed on the basement. Their 
ligure may be from a square to a selquialtera; and 
•their joints may be either sauare or chamfered. The 
square ones should not be broader than one-eighth 
of the height of the rustic, nor narrower than one- 
tenth; and their depth must be equal to their 
breadth ; those that are chamfered must form a rect- 
tangle; and the breadth of the whole joint may be 
from one-fourth to one-third of the height of the 
flat surface of the rustic. 

OF PEDIMENTS. 

Pediments among the Romans, were used only as 
coverings to their sacred buildings, till Caesar ob- 
tained leave to cover his house with a pointed roof, 
fffter the manner of temples. In the remains of an- 
tiquity we meet with two kinds of pediments, the 
triangular and circular. The former of these are 
promiscuously applied to cover small or large lx>- 
dics : but the latter, being of a heavier figure, are 
only used to cover doors, niches, windows, or gates. 

As a pediment represents the roof, it should never | j 
be employed but as a finishing to the whole compo- j j 
sitioD' The ancients introduced but few pediments j 
into their buildings, usually contenting tkemselves j 
with a single one to adorn the middle or principal j 
part. But some of the moderns, and particularly ; 
the Italians, have been so immoderately fond of { 
them, that their buildings frequently consist of 
scarcely any thing else. The girder being a neces- j 
sary part in the construction ox a roof, it is an im- j 
propriety to intermit the horizontal entablature of a j 
pediment, by which it is represented, to make room j 
for a niche, an arch, or a window. 

In regular architecture, no other form of pedi- 
ments can be admitted besides the triangular and 
circular. Both of them are beautiful; and wheu a 
considerable number of pediments are introduced, 
as when a range of windows are adorned with them, 
these two figures may be used alternately, as in the 
niches of the Pantheon, and in those ot t lie temple 
of Diana at NiVmcs. The proportion of pediments 
depends upon their size: for the same proportions 
will not do in all cases. When the base of the pe- 
diment is short, its height must be increased; and, 
when the pediment is long, the height must be 
diminished. The best proportion for the height is 
from one-fifth to one-fourth of the base, according 
to the extent of the pediment, and the character of 
tlie body it covers. The materials of the roof 
must also be attended to ; fur, if it be covered, with 
tiles, it will be necessary to raise it more than one- 
quarter of the base, as was the custom of the an- 
cients in their Tuscan temples. The tympan is 
always on a line with. the front .of the frieze; and, 
w hen large, admits of various ornaments, us in the 


pediment to the western elevation 6f the temple df 
Minerva at Athens. 

OF B ALIjFSTE ADE f . 

Ballustrades are sometimes of real use in build* 
ings; and at other times they are only ornamental* 
Such as are intended for. use, os when they are emr 
ployed in stair-cases, before windows, or to inclose 
terraces, &c. must always be nearly of the same 
height; never exceeding three feet and a half, nor 
ever less than three. But those that are principal- 
ly designed for ornament, as when they finislt a 
building, should be proportioned to the architeo 
ture they accompany ; and their height ought never 
to exceed four- fifths of the height of the entabla- 
ture on which they are placed ; nor should it ever 
he less than two-thirds thereof, without counting 
the 2oeholo, or plinth, the height of which mu9t be 
sufficient to leave the whole ballustrade exposed 
to view. 

Tbc hest proportion for ballustrades is to divide 
the w hole given height into thirteen equal parts* 
eight of these for the height of the bnUustre, three 
for the base, and two for the cornice or rail : or 
into fourteen (if it lie required to make the ballus- 
tre less), giving eight parts to the ballustre, four to 
the base, and two to toe rail. One of these parts 
may be called a module ; and, being divided into 
nine minutes, may serve to determine the dimen? 
sions of the particular members. 

In ballustmdes, the distance between two bal- 
lustres should not exceed half the diameter of the 
ballustre measured in its thickest pari, nor be less 
then one-third of it 

The breadth of the pedestals, when they are 
placed on columns or pilasters, is regulated by them; 
the dye never being made broader than the top ojt 
the shaft*, nor much narrower; and, when there arp 
neither columns nor pilasters on the front, the d ye 
should not be much lower than a square, and sel- 
dom higher. On stairs, or any other incjtined 
planes, the same proportions are to be observed ap 
on horizontal ones. 

OF NICHES ANB STATUES 

It lias been the custom of every age to enrich 
different parts of buildings with representations c(f 
the human body. Thus the ancients adorned their 
temples, baths, theatres, &c. with statues of their 
deities, heroes, and legislators. The modems stiR 
preserve tlief same custom, placing in their churches, 
palaces, &c. statues of illustrious persons, and even 
groups composed of various figures, representing 
occurrences collected from history, fables, &c. 
Sometimes tliese statues or groups arc detached, 
raided on pedestals, and plaoed contiguous to the 
walls of a building, or in the middle of a room, 
court, or public square. But they are most fre- 
quently placed in cavities Made in the walls, called 
niches. Of these there are two sorts, the one form* 
ed like an arch .in its elevation, .and semi-circular 
or senibelUptical in its plan $ the other is a parql- T 
> lelogram . 
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lelogram both tii its plan and elevation. The pro- 
portion of both these niches depends on the charac- 
ters of the statues, or the general term of the groups 
placed in them. The lowest are at least a double 
equare in height ; and the highest never exceed two 
fend a half of their breadth. 

With regard to the manner of decorating them, 
when tltey are alone in a composition, they are ge- 
nerally inclosed in a pennel, formed and proportioned 
like the aperture of a window, and adorned in the 
same manner. In this case the niche is carried 

S iite down to the bottom ; but on the sides and at 
e top, a small space is left between the niche and 
the architrave of the pannel. And when niches are 
intermixed with windows, they may be adorned in 
the same mauner with the windows, provided the 
Ornaments be of the same figure and dimensions with 
those of the windows. 

The size of the statue depends on the dimensions 
of the niches. They should neither l>e so large as to 
ftave the appearance ofbeing rammed into the niches, 
as in Santa Maria Majora at Rome; nor so nar- 
row as to seem lost in them, as in the Pantheon. 
The distance between the outline of the statue and 
side of the niche should never be less than one-third 
of a head, nor more than one half, w hether the niche 
be square or arched ; and, when it is square, the 
distance from tlie top of the head to the ceiling of 
the niche should not be greater than the distance 
on the sides. Statues are generally raised on a 
plinth, the height of which may be from one-third to 
one-half of a head ; and sometimes, w here the niches 
are large, the statues may be raiseil on small pedes- 
tals. The character of tlie statue should always 
correspond with tlie character of the architecture 
with which it is surrounded. Thus, if the order be 
Doric, Hercules, Jupiter, Mars, Aesculapius, and all 
Inale statues, representing beiugs of a robust and 
grave nature, may be introduced; if Ionic, then 
Apollo, Bacchus, &c. and, if Corinthian, Venus 
Flora, and others of a delicate nature, should be 
employed. 

OF CHIMNEYS AND CHIMNEY P1ECC9. 

Chimney-pieces are either made of stone, of mar- 
ble, or of a mixture of these ; also of wood, scnglio- 
Ja, or-moulu, or some other nnfragile substances. 
Those of marble are most costly, but they are also 
most elegant, and the ouly ones used in highly-fi- 
nished apartments ; where they are seen either of 
white or variagated marbles, sometimes inlaid and 
decorated with the materials just mentioned. All 
their ornaments, figures, or profiles, are to be made 
of the pure white sort; bqt their friezes, tablets, pan- 
nals, shafts of columns, and other plain part?, may 
be of party coloured marbles, such as the yellow of 
Sienna, the Brocatello of Spain, the Diaspers of Si- 
eily, and mauy other modem as well as antique 
marbles, almost always to be had in London. Fes- 
toons of flowers, trophies and foliages, frets, and 
4the r such decorations, cutin white statuary* marble, 


and fixed upon grounds of these, b&ve certainly a 
very delicate effect. But there should never be * 
bove two or at most three, different sorts of colonn 
in the same chimney-piece, all brilliant, and harmo- 
nizing with each other. Neither the Italians nor 
French have excelled in compositions of this kind; 
but Britain, possessed of many able sculptors at 
different times, has occasionally surpassed all other 
nations, both in taste of design and workmanship. 

The size of the chimney must be regulated by 
the dimensions of the room where it is fdaced. la 
the smallest apartments, the breadth of the aperture 
should never be less than three feet, or three feet 
six inches. In rooms from twenty to twenty-four 
j feet square, or of equal superficial dimensions, it 
i may be from four to four and a. half feet broad; in 
( those of twenty-four to twenty-seven, from four 
; and a half to five: and, in such os exceed these 
j dimensions, the aperture may even be extended to 

• five and a half to six feet. Tl:e chimney should 
1 always be situated so as to be immediately seen by 
! those who enter the room. The middle of the par- 
| tition-wall is the most proper 'place in halls, saloons, 
j and other rooms of passage ; but in drawing-rooms, 

dressing-rooms, ana the like, the middle of the 

• hack wall is the best situation. In bed rooms, the 
. chimney is always in the middle of one of* the par- 
ish ion- walls ; and in closets and other very small 
; places, to save room it is put in a corner. Where 
> ever two chimneys are used in the same room, they 

sliould be placed either directly facing each other, 
if in different walls, or nt equal distances from tie 
centre of the wall in which they both are. 

The proportion of the nurtures of chimney- 
pieces of a moderate size 19 generally a perfect 
square ; in small ones it is a trifle higher, and, i» 
large ones, a trifle lower. Ill designing them, re- 
t gard must he had to the nature of the place where 
I they are to be employed. Such as are intended for 
j halls, saloons, guard-rooms, galleries, and other 
large places, must be composed of large parts, fev 
; in number, of distinct and simple forms;, and having 
j a bold relief; but chimney-pieces for dra wing-roon* 
| dressing-rooms, &c. may be of a more delicate anil 
j complicated nature. 

OP CEILINGS. 

Ceilings are either flat, or coved in different moo* 
ners. r l he simplest of the flat kind ore those adorn- 
! ed with large compartments, surrounded with owe 
j or several mouldings, or borders, either let into the 
j j ceiling, or projecting beyond its surface ; and when 
| the mouldings that form the compartments are en- 
j riched, and some of the compartments adorned w ith 
i well executed ornaments, such ceilings have a gooi 
effect. The ornaments and mouldings do not re- 
quire a bold relief: but, being near the eye they 
must be finished with taste and neatness. The 
principal effect of all flat ceilings depends very 
much upon the richness and. beauty of the cor* 
nice. 

Coved 
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Coved ceilings are more expensive : but they are 
likewise more beautiful. They are used promis- 
cuously in large and small rooms, and occupy from 
one-fifth to one-third of the height of the room. If 
the room be low in proportion to its breadth, the cove 
must likewise be low ; and when it is high the cove 
must be so likewise, by which means the excess of the 
height will be rendered less perceptible. But, where 
the architect is at liberty to proportion the height of the 
room to its superficial dimensions, the most eligible 
proportion for the cove is one-fourth of the whole 
height. The figure of the cove is commonly either 
a quadrant of a circle or of an ellipsis, taking its rise 
a little above the cornice, and finishing at the bor- 
der round the great pannel in the centre. The bor- 
der projects somewhat beyond the coves on the 
outside ; and, on the side towards the pannel, it is 
generally made of sufficient depth to admit the or- 
naments of an architrave. In Britain, circular 
rooms are not much in use ; but they are very beau- 
tiful. Their height must be the same with that of 
squafe rooms ; their ceilings may be flat : but they 
are handsomer when coved, or of a concave form. 

When the profiles of rooms are gilt, the ceilings 
ought likewise to be gilt. The usual method is to 
gild all the ornaments, and to leave all the grounds 
white, pearl colour, light bluef or of any other tint 
proper to set off the gilding to advantage. Histori- 
cal and other paintings are often u*ed with good 
efFect in the centre and angular compartments of 
large ceilings; and since the rapid and elegant im- 
provements in plaster and stucco have been intro- 
duced, a late invention of painted silk and sat tin in 
various ornaments, from antiques, have likewise 
been adopted, to adorn the profiles or walls of 
rooms. These are inclosed in pannels, pilasters, 
ami tablets, according to their destination; and, 
ivhen they have suitable gilt mouldings, they pro- 
duce a very gay and splendid effect. 

Among the greatest ornaments and completest 
models of modern architecture in Great Britain, 
Somerset-place in the Strand, and St. Paul’s cathe- 
dral rank the first; and, as they might justly be 
considered national specimens of the u sublimennd 
beautiful in building, ” we think it incumbent upon 
us to describe them here. 

Somerset-place is erected on the scite of old So- 
merset-house, on the banks of the Thames. The 
front towards the Strand is but little more than one 
hundred and thirty feet long ; and all that an archi- 
tect could do in so small a compass, and all that he 
seems to have wished, was to produce an object that 
should indicate something more considerable within, 
and excite the spectator’s curiosity to a nearer exa- 
mination of the whole fabric, of which this is only 
one external part. His style, in consequence, is 
bold, simple, and regular. It is an attempt to unite 
the chastity and order of the Venetian masters with 
the majestic grandeur of the Roman* The parts are 
few, large, and distinct; the transitions sudden, and 


.S8 

strongly marked. Nq breaks are seen in the gene* 
ral course of the plan, and little movement in the 
outline of the elevation ; whence the whole struc- 
ture has acquired an air of consequence, which few 
artists, in so narrow a limit, would have given it. 
This front consists of a rustic basement, supporting 
columns of the Corinthian order, crowned in the 
centre with an attic, and at the extremities with a 
ballustrade. The basement is composed of nine 
large arches, the three centre ones of w hich, being 
open, form the principal entrance ; the others are 
filled with Doric windows, ornamented w ith pilas- 
ters, entablatures, and pediments. The key-stones 
of the arches are adorned with nine masks or heads, 
finely carved in alto relievo, descriptive of the 
ocean, and the following principal rivers of England : 
Thames, Severn, Humber, Mersey, Tyne, Medway. 
Dee, and Tweed; and to these masks are added 
various emblematical devices, denoting the respec- 
tive properties and peculiarities of each ; and, as 
they are executed with much taste and skill, they 
merit a particular description. 

Ocean is placed in the centre, and is represented 
by the venerable head of an old man, whose flowing 
beard resembles waves, which are filled with various 
kinds of fish. A crescent is oil his forehead, deno- 
ting the influence of the moon on its waters, and his 
temples are adorned with crowns, tridents, and 
other marks of royalty. Thames is on the right of 
Ocean: a majestic mask* crowned with billing 
swans, and luxuriant garlands of fruits and flowers. 
The hair and beard are nicely dressed and plaited, 
and the features are expressive of good sense, good 
humour, and every species of urban perfection. 
Humber is the next in order to the right of the cen- 
tre; a striking contrast to the Thames. It is an 
athletic hardy countenance, w ith the beard and hair 
disordered by the fury of tempests. The cheeks und 
eyes are swollen w r ith rage, the mouth is open, and 
every feature distorted, expressive of the boisterous 
intractable character of that river. Next are the 
Mersey and the Dee ; one crowned with garlands of 
oak, the other with reeds, and divers aquatic pro- 
ductions. The four first of these are executed by 
Mr. Wilton, and the last by Signor Carlini. 

The masks which decorate the arches on the left 
side, are, first, the Medway ; a head similar to that 
of the Thames, but expressive of less urbanity, ' 
more negligently dressed, and bearing for emblems 
the prow of a ship of war, with festoons of hops, and 
such fruits as enrich its banks. Tweed is next in 
order ; a rustic mask, with lank hair, a rough beard, 
and other marks of rural simplicity ; yet liath the 
ingenious sculptor artfully given it a character of 
sagacity, valour, fortitude and strength. It is 
crowned with a garland of roses and thistles. These 
are by Mr. Wilton. Tyne and Severn are the re- 
maining two. Tyne is a head-dress artfully com- 
posed of salmon, intermixed with kelp, and other 
sea- w eeds. Severn is a similar head-dress, corapo- 
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Sed of sed gefc and comucomas, from whence Sow 
abundant streams of water, wit i lampreys and other 
fish that abound in that river. These are by Signor 
Cnrlini. 

The floor consists of a principal, and a mezzanine; 
and before the windows of the building is a ballus- 
trade. They are besides ornamented with Ionic pi- 
lasters, entablatures, and pediments; and the three 
central ones have large tablets, covering the archi- 
trave and frieze, on which appear medallions of the 
king, the queen, and the prince of Wales, supported 
by lions, and ornamented with garlands of myrtle, 
oak, and laurel. The windows of the mezzanine 
floor are only surrounded with architraves. The 
attic consists of three divisions, separated by Colos- 
sal figures, placed above each of the columns. Tlie 
figures represent four venerable statesmen, in senato- 
rial robes, each having on his head a cap of liberty, 
and in their hands they bear the emblems of strength 
and power, derived from unanimity, and maintained 
by justice, prudence, moderation, and valour. The 
attic is crowned with a group, consisting of the im- 
perial arms of the kingdoms, one side of which is > 
supported by the Genius of England, and the other 
by Fame, sounding her trumpet. 

The front of this building, towards the principal 
court, is considerably longer than that towards the 
Strand, being near two hundred feet in extent. Tlie 
centre of this front is also better distinguished than 
that towards the Strand ; it exhibits a plainness and 
repose, whereon the eye may rest with pleasure, as 
on a principal. It is composed of a carps de logis, 
with two projecting wings; the style of decoration 
is, however, nearly the same ; the principal variation 
consisting in the doors, windows, or smaller parts, 
which are of other forms, and of different dimensions. 
The five musks on the key -stones of tlie arches re- 
present tutelar deities of the place, executed by Mr. 
Nollekens. Near this front are two sunken courts, 
surrounded with elegant arcades, serving to give 
light to tlie basement story of the royal academy, 
the royal society, and the rooms wherein are depo- 
sited the national records. In the middle of each of 
these courts is a reservoir of water, for the purpose 
of serving the apartments below, and to be ready in 
case of fire. They are supplied from the New 
River. 

The buildings towards the court form three sides 
of a square ; the style of architecture, and the deco- . 
rations of tlie wings, differing in form and dimen- 
sions. The statues of the attic represent America 
breathing defiance, with the three other quarters of 
tlie globe loaded with fruits and other tributary 
treasures; and these are crowned with the British 
arms on a cartel, surrounded with sea-weeds, sup- 
ported by Tritons armed with tridents, and holding 
nets containing fish and other maritime productions. 

This truly magnificent building is constructed for 

purpose of transacting the business of several J 


of His Majesty's public offices, viz. the privy-seal 
and signet, the navy, navy-pay, victualling, sick and 
wounded, ordnance, stamp, lottery, salt tax, hack- 
ney-coach, hawkers and pedlars, the surveyor-gene- 
ral of the crown-lands, tne duchies of Cornwall ;\ad 
Lancaster, r e two auditors of Imprests, the pipe, 
comptroller of pipe, clerk of the estreats, and trea- 
surers^ remembrancers. Here are houses for the 
treasurer, the pay-raaster, and six commissioners of 
the navy. Also for three commissioners of the vic- 
alling and their secretary ; for one commissioner of 
the stamps, and one of the sick and wouaded ; and 
other apartments for inferior officers. 

That part of the edifice which fronts the Strand is 
in possession of tlie royal society, the antiquarian 
society, and the royal academy of artists ; and here 
the annual exhibition of paintings and sculpture u 
held. These respectable bodies are also accommo- 
dated with halls and apartments for their libraries, 
models, &c. with rooms for their officers, and every 
otlier requisite which their national consequence 
could demand from an enlightened and liberal go- 
vernment. 

The buildings which contain tlie above-mention- 
ed public offices form the principal court. They are 
grand, elegant, of great extent, and strikingly indi- 
cate an exertion of great inventive faculties in the 
architect, Sir William Chambers ; while tlie gene- 
ral disposition aftbrds a pleasing satisfaction. The 
front towards the Thames is truly magnificent ; it 
is finished with a noble terrace, witli a bullustrade 
towards the river, and an extensive gravelway for 
carriages to go all round the external fronts of the 
whole building. 

The next noble structure, which does honour to 
the national character, as well as to the cause of re- 
ligion, is the cathedral church of St. Paul. This 
amazing edifice is situated upon a rising ground, be- 
tween the entrances of Citeapside ana Ludgate- 
street, in the very centre of the city of London, and 
upon the scite of the old Cathedral, which was 
burnt to the ground in the general conflagration of 
1666. Sir Christopher Wren was the architect; and 
he was desired to prepare the plan of a new fabric, 
that should excel every building in the universe for 
magnificence and splendour. To give effect to the 
execution of so grand a design, the chamber of Lon- 
don was made an office for tlie receipt of contribu- 
tions to defray tie expences ; into which, in ten 
years only, ty* 8 paid the sum of £ 126,000. Charles 
i 1. generously gave a thousand pounds a-year out 
of his privy-purse, besides a duty on coals, which 
produced £5000 a year, over and above all other 
grants in its favour. Sir Christopher prepared a 
design well studied and truly magnificent, conforma- 
ble to the best style of the Greek and Roman ar- 
checture which all approved except the bishops, who 
thought it not sufficiently laid out in the cathedral 
fashion. The design was therefore varied in many 

respects, 
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res p ec ts, until the plan of the present mighty struc- 
ture, which is in the form of a lo >g cross, waa na- 
nimously approved ; soon after which the building 
was put in hand, and the first stone was hod by Sir 
Christopher himself, on the 21st June, J675. 

The foundations being laid, Portland stone was 
chosen to complete the superstructure. The walls 
are wrought in rustic, and strengthened, as well as 
adorned, by two rows of double pilasters, one over 
the other ; the lower of the Corinthian order, and 
tiie upper of the Composite. The spaces between 
the arches of the windows and the architrave of the 
lower order, are filled with a great variety of grand 
enrichments, as are also those above. The west 
front, towards Ludgate-street, has a most noble ap- 
pearance, and is ornamented with a magnificent por- 
tico, a grand pediment, and two stately turrets. 
The ascent is by a beautiful flight of steps, of black 
marble, that extends the whole length of the ]>ortico, 
which is formed of twelve lofty Corinthian columns 
below, and eight of the Composite order above : 
these are all coupled and flute d. The upper series 
support a noble pediment, crowned with it* acrote- 
ria, in which is a beautiful representation, in bass- 
relief of the conversion of St, Paul, executed in a 
very masterly manner. The magnificent figure of 
St. Paul on the apex of the pediment, with St. Peter 
on bis right hand, and SL James on his left, have 
also a fine effect. The four evangelists, with their 
proper emblems, on the front oi tiie towers, are judi- 
ciously disposed and well executed. St. Matthew is 
distinguished by an angel, St. Mark by a lion, St. 
Luke by an ox, and St. John by an eagle. In the 
area of this front, on a pedestal of excellent work- 
manship, is a statue of Queen Ann, formed of 
white marble, with proper decorations. The figures 
on the base represent Britannia with her spear, Gal- 
lia with a crown, Hibernia witli a harp, and Ame- 
rica with a bow. On ascending the steps, we ap- 
proach the interior of the church by three doors, or- 
namented on the top with bass-relief : the middle 
door, which is by far the largest, is cased with white 
marble, and over it is a tine piece of basso-relievo, 
in which St. Paul is represented preaching to the 
Bereans, To the north portico there is an ascent 
by seventeen circular steps of black marble ; and it 
has a dome, supported by six large fluted columns of 
the Corinthian order, forty-eight inches in diameter. 
Beneath the upper part of its dome, is a large and 
well-proportioned urn, finely ornamented with fes- 
toons, and over it a pediment, supported by pilasters 
in the walls, in the front of which is carved the 
royal arms, with the regalia, supported by angels ; 
$iid on the top, at proper distances, are placed the 
statues of five of the apostles. The south portico 
answers in uniformity to ti-e north, and has a dome 
supported by six beautiful Corinthian columns; but, 
as tin* ground is considerably lower on this than on \ 
the other . side of the church, the ascent is by a flight j 


of twenty-five steps. This portico has also a pedi- 
nent above, in which is a phoenix rising out of the 
flames, with the motto Itesurgam , underneath it, ; us 
being emblamatical of the present cathedrals rising 
>ut of the fire of London. On this side of the 
>uilding are also five statues, which take their situa- 
ion from that of St. Andrew, on the apex of the 
last-mentioned pediment. At the east end of the 
church is a sweep, or circular projection, for the 
altar, finely ornamented with a great variety of the 
orders, and decorated with sculpture. 

The dome, that great roaster-piece of classical 
architecture, which rises in tiie centre of 'ne whole 
fabric, appears exceedingly grand ; twenty-five feet 
above thereof of the church, i» a circular range of 
thirty-tuo columns, with niches placed exactly 
againgt others within ; these are terminated by their 
entablature, which supports a handsome gallery, 
>dorned with a ballustrade, above these columns is 
-i range of pilasters, with windows between, and. 
from the entablature of those the diameter decreases 
very considerably, and two feet above that it is again 
contracted. From this part the external sweep of 
the dome begins, arid the arches meet at fifty-two 
feet above ; on the top of the dome is an elegant 
balcony, and from its centre rises the lantern, 
adorned with Corinthian columns ; and the whole is 
terminated by a ball, on which stands a cross, both 
of which are "elegantly gilt. When these parts are 
viewed from below, they greatly deceive the eye of 
the beholder, on account of their great height, as 
they appear exceedingly small in comparison with 
tiieir real size, which is amazingly large. 

This extensive fabric is surrounded, at a proper 
distance, by a dwarf stone wall, on which is placed 
the most magnificent ballustrade of cast iron, per- 
haps in the universe, of about five feet six inches in 
height, exclusive of the wall. In this enclosure are 
seven beautiful iron gates, which, together with the 
ballustrndes, in number about 2500, weigh 200 tons 
and Sill), which having cost fid. per pound, the 
whole, with other charges, amounted to 11,2021. fid. 
The total cost of the whole fabric, even in those 
cheap times, was 736,7521. 2s. JJd. 

On entering at the western door, the mind is 
struck by the grandeur of the vista; an arcade sup- 
ported by massy and lofty pillars on each side, 
divide the church into the body and two ailes, and 
the view is terminated by the upper extremity of the 
choir; though it is in some measure obstructed by 
the organ. The pillars are adorned with columns 
and pilasters of the Corinthian and Composite orders, 
and the arches of the roof are enriched with shields, 
festoons, chaplets, and other ornaments. Its dimen- 
sions are as follow : 

THE PLAN, OR LENGTH AND BREADTH. 

Feet. 

Whole length of the church and porch - - 500 
Whole length of tbe cross - - - - - - 250 

Breadth 
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90 


Feet. 

Breadth of the front with the turrets - - - 180 

Breadth of the front without the turrets - - 110 

Breadth of the church and three naves - - ISO 

Breadth of the church and widest chapels - 180 

Length of the porch within ------ 50 

Breadth of the porch within ----- 20 

Length of the platea at the upper steps - - 100 

Breadth of the nave at the door - - - - 40 

Breath of the nave at the third pillar, and 
tribuna - ---------- 40 

Breadth of the side-ailes - - 17 

Distance between the pillars of the nave - - 25 

Breadth of the same, single pillars - - - 10 

Two right sides of the great pilasters of the 

cupola - -- - - 25.35 

Distance between the same pilasters - - - 40 

Outward diameter of the cupola - - - - '145 

Inward diameter of the same ----- 100 

Breadth of the square by the cupola - - - 43 

Length of the same - -- -- -- - 328 

From the door within to the cupola - - - 190 

From the cupola to the end of the tribuua - 170 

Breadth of each of the turrets ----- 33 

Outward diameter of the lantern - - - - 18 

Whole space upon which one pillar stands - 875 

Whole space upon which all the pillars stand 7000 

Tin! ELEVATION. 

From the ground w ithout to the top of the 

* cross - - 340 

The turrets 222 

To the top of the highest statues on the front 135 
The fii*s t pillars of the Corinthian order - - 33 

The breadth of the same ------ 4 

Their basis and pedestals 13 

Their capital 5 

The architrave, frieze, and cornice - - - 10 

The Composite pillars at St. Paul’s - - - 25 

The ornaments of the same pillars above and 

below - --- - ](j 

The ball in height 8 

The cross, pedestal, and base ----- 29 

The triangle of the mezzo relievo, with its 

cornice - 18 

Width - - 74 

The basis of the cupola to the pedestals of 

the pillars - 38 

The pillars of the cupola - - - - - - 28 

Their basis and pedestals 5 

Their capitals, architrave, frieze and cornice 2 

From the cornice to the outward slope of the 

The lantern from the cupola to the ball - - 50 

The statues upon the front, with their pedes- 
tals 15 

The outward slope of the cupola - - - - 50 

The cupola and lantern, from the cornice of 
the front to top of the cross ----- 240 

The height of the niches in the front - - - 14 


Feet 

Width 5 

The first windows in the front - - - - IS 

Width 7 


The extent of the ground-plot, on which the 
building stands, is two acres, sixteen perches, 
twenty-three yards, and one foot. 

All the floor of the church and choir, to the altar, 
is paved with marble ; the altar ifc paved with por- 
phyry, polished, and laid in several geometrical 
figures. The vaulting of the roof is hemispherical, 
consisting of twenty-four cupolas, cut off semicircu- 
lar, with segments to join to to the great arche9 one 
wav, and the other way they are cut across with 
elliptical cylinders, to let in the upper limits of the 
nave ; but in the aisles, the lesser cupolas are cut 
both ways in semicircular sections, and altogether 
produce a graceful geometrical effect, distinguished 
with circular wreaths, which is the horizontal sec- 
tion of the cupola. The arches and wreaths are of 
stone, carved ; the spandrels between are of sound 
brick, invested with stucco of cockle-shell lime, 
which becomes as hard as Portland-stone; and 
which, loving large planes between the stone-ribs, 
are capable of further ornameuts of painting, if 
required. Besides these twenty-four cupolas, there 
is a half-cupola at the east ; and the great cupola of 
108 feet diameter in the middle of the crossing of 
the great ailes; it is extant out of the wall, and is 
illumined by the windows of the upper order, which 
strike dow n the light through the great colonnade 
that encircles the dome without, and serves for the 
butment of the dome, which is brick, of two bricks 
thick; but, as it rises every way five feet high, it has 
a course of excellent bricK of eighteen inches long, 
bending through the whole thickness; and, to make 
it still more secure, it is surrounded with a vast 
chain of iron, strongly linked together at every ten 
feet; this chain is let into a channel cut into the 
bandage of Portland-stone, and defended from tin? 
weather by filling the groove with le id. Over the 
first cupola is raised another structure of a cone of 
bricks, so built as to support a stone lantern of an 
elegant figure, and ending in ornaments of copper, 
gilt; the whole church above the vaulting being 
covered with a substantial oaken roof and lead, so 
\ this cone is covered and hid out of sight bv another 
cupola of timber and lead : betw een which and the 
cone are easy stairs, which ascend to the lantern. 
The contrivance here is astonishing. The light to 
these stairs is from the lantern above. 

The inside of the dome is painted and richly de- 
corated by Sir James Thornhill, who, in eight com- 
partments, has represented the principal passages in 
the history of St. Paul’s life, namely, nis conversion ; 
his punishing Elymas the sorcerer with blindness; 
his preaching at Athens; his curing the poor 
cripple at Lvstra, and the reverence there paid 
him by the priests of Jupiter as a god; bis conver- 
sion 
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Sion of the gaoler : his preaching at Ephesus, and 
"the burning the magic books in consequence of the 
miracles he there wrought; his trial before A grippa; 
his shipwreck on the island of Melita, or Malta, and 
hfis miracle of the viper. 

The highest or last stone, on the top of the lan- 
tern, was laid by the haiids of Christopher Wren, 
'the surveyor’s son, in the year 17 10. Thus was 
this mighty fabric, lofty enough to be discerned at 
sea eastward, at Windsor westward^ in the space of 
tftirty-five years, begnn and finished by one archi- 
tect,* pud under one bishop of London/ Dr. Henry 
•Compton. Whereas St. Peter’s at Rome, the only 
edifice that can come in competition with it, conti- 
nued in building 145 years, under twelve successive 
architects, assisted by the police and interests of the 
Roman see; attended by the best artists of the 
world in sculpture, statuary, painting, and mosaic 
work, and facilitated by the ready acquisition of 
marble from tlie neighbouring quarries of Tivoli. 

This grand cathedral, thus finished, ns an excel • 
feat author observes, 44 is undoubtedly one of the 


most magnificent modern buildings in Europe; aft 
the parts of which it is composed are superlatively 
beautiful and noble. The north and smith fronts in 
particular are very perfect pieces of architecture ; 
neither ought the east to go without due applause. 
The two spires at the westend are in a finished taste; 
and the portico with the ascent, and the dome that 
rises in the centre of the whole, afford a very august 
and surprising prospect.” In short, in surveying 
this stupendous monument of our country's genius, 
the imagination is filled with alofry kind of admira- 
tion, which no bnilding of less majesty and grandeur 
could possibly excite. 

We might instance rts beautiful specimens of the 
art the fragment of a palace at Whitehall, ndw used 
as' a chapel, and justly deemed one of the noblest 
product ions of that incomparable master, Inigo Jones ^ 
also, the interior of St. Stephens Church, \Valbrook, 
by Sir Christopher Wren, deemed by foreigners a „ 
more splendid proof of his abilities than even SL 
Pauls itself. 


BRIDGES. 


Dit id ft e, in Architecture . is a structure of Ma- 
somy, Carpentry, or iron-work, built over a canal, 
fiver, or valley, erected for the convenience of pas- 
sing from one side to the other, and supported by 
arches or links, and these again supported by piers 
or /hutments. 

Bridges generally form the continuation of a road 
or highway^ or of a street; in the first case they are 
often built in a rude and cheap manner, and without 
attention to those principles which alone insure 
permanence and solidity; but when they form the 
entrance to or form the principal street of a large 
city, their construction is most generally attended 
With great expence, and a degree of elegance and 
durability is required in their formation, that calls 
for the utmost skill of the architect. Palladio, in 
this case, tells us, that bridges ought to* have the 
same qualifications that are judged necessary in all 
other buildings, namely, that they should be conve- 
nient, beautiful, and lasting. The perfection of a 
bridge consists in its having a good foundation, 
which makes it lasting ; an easy ascent, w hich makes 
it convenient ; and a just proportion in its several 
parts, which renders it beautiful. In the erection of 
*tone bridges, there are several requisites which 
demand our attention. In the first place, the hut- 
ments not only receive the pressure of the arches, 
with which they are connected, but they must be 
capable of resisting in some measure the force of the 
whole combined. Hence the necessity if a solid 


foundation at the opposite sides of the river; with- 
out which all the arches will be subject to the least 
partial rents. \ 

Bridges ought always to be constructed at right 
angles to the currant, and the piers ought not to be 
larger than what is absolutely necessary for the sup- 
port of the arches ; for when they are constructed of 
an unnecessary thickness, it contracts the current of 
water, which it is well known will increase its velo- , 
city, and thereby render the foundation of each pier 
more liable to be undermined. Lastly, we are t# 
decide on tlfe number and figure of the arches, 
which are points of great consequence to the whole* 
in relation to its strength, usefulness, beauty,, and 
economy. 

We find a great difference of opinion among ar- 
chitects in the choice of arches; and even among 
mathematicians, who are unquestionably the best 
judges of the subject; for the strength and solidity 
of a bridge roust depend on mathematical principles. 
Some have contended that semicircular arches oughts 
in most cases to be preferred, because they press 
more perpendicularly on their piers, and in propor- 
tion to tiieir number will diminish the pressure on 
thr hutments. Others have preferred elliptical 
arches, when they arc to he large and but fcw r in 
number; because the extensive radius of the semi- 
circular arch w ould occasion the centre of the bridge 
to be so high as to render the passage of carriages 
exceedingly troublesome; an objection which is re- 

K moved 
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moved completely in the elliptical form, its eleva- | 
tion being considerably below the semicircle ; and 
Mr. Muller asserts, that the elliptical arch does not 
press against the piers with a greater force than a 
circular one; and being lighter, aud constructed 
with less materials, will consequently be more 

lasting. ” n J 

Thera are others, however, who prefer the Cate- 
narian arch to all others, for the purpose of bridges. 
The celebrated Emerson, in his principles of me- 
chanics, insists “ that it is the strongest arch possi- 
ble to be made, for supporting a great weight.’ 
But the learned Dr. Hutton, late professor of the 
mathematics to the royal military academy, asserts, 
that the arch of equiii bra tion is the only perfect one 
adapted to the principles of bridges. This arch, 
being in exact equilibrium in all its parts, and 
having no tendency to break in one part more than 
another, is therefore the safest and strongest. 
Every particular figure of the estrados, or upper side 
of the wall above an arch, required a peculiar curve j 
for the under side of the arch itself, to form an arch i 
of equilibration ; so that the incumbent pressure on j 
every part may be proportional to the strength or •' 
resistance there. When the arch is equally thick 
throughout, a case that can hardly ever happen, 
then the Catenarian curve is an arch of equilibration, 
but in no other case ; and therefore it is a great 
mistake in some authors to suppose that this curve 
is the beet figure for arches in all cases, when in 
reality it commonly the worst. # 


TABLE FOR CONSTRUCTING THE CURVE OF 
' EQUILIBRATION, 


Value of 

K I 

Vnlue of 

1 C 

Value of 
K I 

Vnlueof ^ 

I C 

Value of 
K I 

Value of 

I € 

' 0 

6.000 

21 

10.381 1 

36 

21.774 

’ 2 

6.035 

22 

10.858 ! 

37 

22.948 

. 4 

6.144 

23 

1 1.368 

38 

24.190 

- * 6 

6.324 

24 

11911 

59 

23.505 

8 

6.580 

25 

12.489 

40 

26.894 

10 

6.914 

.26 

13 106 

41 

28 36 4 

12 

7.330 

27 

13.761 

42 

29.919 

' 13 

7.571 

28 

11.457 

43 

31 563 

14 

7.834 

29 

1. ..196 

44 

33 299 

15 

8.120 

30 

15.980 

45 

35.135 

16 

8.450 

31 

1G.SI1 - 

46 

37.075 

17 

8.766 i 

32 

17.693 ; 

47 

59.126 

- 18 

9.168 

33 

18.627 ' 

48; 

4 1 .293 

19 

9.517 

34 

19 716 

49 

43 581 

20 

9.934 ! 

35 

20.665 

50 

46.000 


Explanation of the above Table. 

Let Figure 1 , — Plate Bridge, represent an arch of 
equilibration,' in which suppose D K be 6, D Q be 


40, and A Q 50 ; then the corresponding values of 
K I and I C are very readily found by the prece- 
ding table; thus, if K I beSO, then I C is 15*980. 

Among all the arches, there is no one, except the 
mechanical curve of the arch of equilibration, that 
can admit of an horizontal line at top; yet this arch 
is of a form both graceful and convenient, and it 
may b^ made higher or lower at pleasure, with the 
same span or opening. All other arches require 
extrados that are curved, more or less, either up- 
wards or downwards. Of these, the elliptical arch 
approaches the nearest to that of equilibration for 
equality of strength and convenience; and it is also 
the best form for most bridges, as it can be made of 
any height to the same span, its handles being at the 
same time sufficiently elevated above the water, even 
when it is very flat at top. Elliptical arches also 
look bolder and lighter, are more uniformly strong, 
and much cheaper than most others, as they require 
less materials and labour. Of the other curves, the 
l cycloidal arch is next in auality to the elliptical one, 
j for those properties ; and, lastly, the circle. As to 
j the others, tne parabola, hyperbola, and catenary, 
i they are quite inadmissible in bridges that consist of 
several arches ; but mav, in some cases, be emplojed 
| for a bridge of one single arch which may be in- 
j tended to rise very high, as in such cases they are 
not much loaded at the hanches. 

The dimensions of the piers for bridges must be 
determined by those of the arch. According to 
I Palladio, they should never exceed one-fourth, nor 
j be less than one-sixth of its width. The plans of 
l piers for bridges are generally drawn ofan hexagonal 
form, having its two long sides parallel to each 
other ; and at the ends are placed two short ones 
facing the course of the river at right angles to each 
other; though sometimes they are made semicircu- 
lar facing the stream, in order to divide the water, 
that those things which are impetuously brought 
down the river, when they strike against them, rjay 
be thrown from the piers, and pass through the 
middle of the arch. Palladio assigns to the tlimen- 
sions of key-stones, one-seventeenth part of the 
width of the arch, which judicious proportion we 
may safely venture to recommend. Of a bridge 
which that celebrated architect designed, he gives 
the following proportions ; the river was 180 feet 
wide, which he divided into three arches, giving 
sixty feet to the centre arch, and to the oPier two, 
forty-eight feet each. The piers were twelve feet 
thick, or one-lifth part of the width of the middle 
arch, and a fourth-part of the smaller ones. 1 be 
arches w ere a small portion less than a semicircle; 
and their key-stone one-seventeenth part of the 
opening of the middle arch, and one-fourteenth jjart 
of the other two. In an arch of twenty-four 
Palladio makes the length of the key- stone abou 
sixteen inches, which is considered as a very ehgm e 
size . . . . 

Bridges fire generally constructed about . thn ? 



Digitized by ^ooQle 




ARCHITECTURE. 


feet wide; but in large ones near great towns, a 
banquette, or raised foot-path, is added ou each 
side, for the convenience of passenges, from six to 
nine feet each, and raised about a foot above the 
middle or horse passage; the parapet walls are 
about eighteen inches thick, and four feet high ; they 
generally project from the bridge with a cornice un- 
derneath. In good bridges, to build the parapet | 
but a little part of its height close or solid, and upon 
that a balustrade of stone or iron, has an elegant 
effect. The ends of bridges open from the middle 
of the two large arches with two wings, making an 
angle of forty-five degrees with the rest, in order to 
make their entrance more free; these wings are 
supported by a continuation of the arches; that un- 
der each wing being smaller than the rest ; but the 
wings of bridges are generally supported by the solid 
abutments alone. 

Autumn is considered the most proper season for 
laying the foundations of a bridge ; because, then 
the waters are the lowest, and the weather most fa- 
vourable for such operations. 

The most simple method of laying the foundations, 
and raising the piers up to the water mark, is to 
turn the river out of its course above the place of 
the bridge, into a new channel cut for it near the 
place where it makes an elbow or turn ; or by rai- 
sing an enclosure to keep off the water, by driving a 
double row of stakes very close to one another, with 
their tops above the surfuce of the water, like a 
trench. Hurdles are then put within this double 
row of stakes, and the side of the row w hich is next 
to the intended pier, must be closed up and the hol- 
low between the two rows filled with rushes and 
mud, rammed together so hard, that water cannot 
possibly get through. Then the mud, sand, &c. 
within the inclosure, must be dug out until a solid 
foundation appears ; when this cannot he found, a 
foundation made of wooden piles charred at their 
ends, arc driven in as close as possible. Many eminent 
architects have made a continued foundation of the 
w hole length of the bridge, and not merely under 
each pier. To eftect this, one part of the river was 
excluded at one part, then another, and so joining 
the whole together by degrees ; for it would be im- 
possible to repel the whole force of the water at 
once. If the expense of a continued foundation 
should be thought too great, a separate foundation 
may be formed for each particular pier, in the form 
of a ship, with an angle in the head and another in 
the stern, lying directly even with the current of wa- 
ter, that the force of the water may lx? broken by the 
angles. Palladio, whose opinion ought generally to 
lx? respected ; says w To lay the foundations of pilas- 
tars, if the bed or the river be stone or gravel-stone, 
you have the foundation without any trouble; but, 
in case the bottom be quicksand, ©r gravel, you 
must dig therein till you conic to solid or firm 
ground; or, if that should be found too laborious or 


3 * 

impracticable, you must dig moderately deep in the 
sand, or gravel, and then you must trust in oaken 
piles, which w ill reach the solid or firm ground, with 
the iron by which their points are to be armed. A 
part only of the bed of the river must be inclosed 
J from the water, and then we are to build* there; 

that the other part being left open, the water may 
! have its free current; and so go from part to part, 
j When a river i 9 deep and destitute of a natural 
i good bed, a foundation may be formed by driving a 
j double row of piles, and filling them in between with' 

! close materials, and afterwards pumping out the 
1 water, and driving other piles within them. When* 
a river is but moderately deep, and has a natural 
good foundation in its bed, capable of supporting a 
heavy pier ; then a strong oaken frame is to be 
formed, which is to be buoyed up with boats ; on 
this frame is laid a thick stratum or layer of stone, 
cramped together with iron, and joined with strong 
terrace mortar, the whole of which is to be let gent- 
ly down to the lied of the river, in the place intended 
for the pier. Lastly when a bridge is to be built a- 
cross a fordable river or a canal, and where tliere is' 
a suitable place for turning the course of the water,- 
either by a wooden fence placed in a sloping direc- 
tion across the river, or by a channel sunk on one 
side of the bed of the river ; then a* clam must be 
made entirely across the river with the piles, and 
sufficiently wide to form the piers in; and the 
ground dug until a proper foundation appears,, and 
then the piers may be^ raised all together above low 
water mark, and the water turned again into its ori- 
ginal channels. 

The ingenious Mr. Robert Semple laid the foun- 
dation of Essex-bridge in Dublin, in a very deep and 
rapid stream, in the year 1753, by the following 
method : round the place where the intended pier 
was to he built, two rows of strong piles were dri- 
ven, about thirty indies distance from each other, 
and which were left at low- water mark. These piles, 
were lined with planks, within which was rammed a 
quantity of clay, and thereby the external w all of the 
coffer dam formed. Within this wall were driven a 
row of piles at about the same distances, and dove- 
tailed at their edges so as to receive each other, and* 
which forpied the extremities of the plan of the piers 
at the level of the bed of the river. After hav ing 
dug to a fine stratum of sand.about four feet lower, 
within these were a great number of other piles 
driven as deep as they could possibly he made to pe- 
netrate. The intervals of these piles were filled up c 
and in order to produce a solid foundation, the first 
! course was laid with mortar made up of roach-lime 
; and sharp gravel, and on this, large flat stones were 
f rammed to about a foot thick. On this first course 
! was laid a thick coat of dry liine and gravel of the 
same quality, on which was again laid stones, and 
the mortar as at first; and so on alternately until* 
arrived a perfect level w ith the piles. Three beams 
* stretching; 
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atrel'ching tbc whole length of the pier, from sterling \ 
"to sterling, were fastened down to the end of these 
piles, ana their intervals filled up with masonry. ] 
On this platform’ which was four feet six inches 
tinder low water mark, was laid the first course of I 
stones for the pier, cramped together, and jointed 
‘‘with terrace mortar as usual ; courses of stones were 
laid in this manner until arrived to a level with the 
water at ebb tide. The following method of laving 
the foundations of wharfs, piers, Sec. is the invention 
<cf S. lien than*, esq. engineer of His Majesty’s navy, 
*ind is guaranteed to him by let ters patent, dated 
-April 2, 1811; and Hvbich he describes as follow s ; 

u I Samuel Uentham do hereby declare that the 
Viature of my said invention, and in what manner 
the same is to be performed, is described by the, 
■drawings and references hereunto annexed (See 
Plate l.) and the following description thereof that 
is to say, to whatever depth the foundation of any 
structure is to be laid, under water or ground. 

First I combine together above ground or above 
’Water. either over the phree into which the founda- 
tion is to be forced, or elsewhere, stone or brick, 
or other artificially-composed materials, (with or 
without the introduction of wood or iron in the 
bottom, or for ties, as occasion nu\y require,) into 
sometimes a number of distinct masses, and some- 
times into one entire mass, Which when put Where 
they are, or it is to remain, shall constitute the 
foundation or lower part of any structure, together 
With more or less, driven the whole of the struc- 
ture* 

Secondly* I place those masses, or this mass, in 
their or its required situation, without the need of 
clearing away the water or ground to the depth of ; 
Which they or it are or is to be laid, and in case of j 
Works under water, without the use of any cassion ! 
br dftift, Composed of Wood or other materials, to i 
inclose the work while bujldkig, conveying to the ! 
>»pot where it is to be deposited or depositing*. 

Thirdly- i press the loundation masses or mass j 
3tfto the ground, either in its natural or in its arti- j 
ficially prepared state, whether under water or not i 
With a degree of pressure, such as shall be deemed j 
sufficient to prevent the farther injurious yielding ! 
*of the ground when the superstructure shall bo 
built up. and be applied to use, and in giving this 
pressure previously to the proceeding with that part 
trf the superstructure in regard to which any further 
sinking of the foundation would be in jurious*. As 
to the formation of these masses, they may be either 
solid or hollow ; or though hollow at first, for the 
^convenience of floating ; or otherwise removing 
them from place to place, or of depositing them, 
they may afterwards be more or l«-ss filled up. The 
exterior may be of one material, for lightuess or 


’ * C ump ired with the office copy. 


for appearance* sake, and the interior, fer cheapness 
or for strength, of some different material, as, for 
instance, the mass may be first formed of a thin 
bottom, and then walls of brick, for the sake of 
lightness ; the walls -may afterwards be thickened, 
or the interior be intirely filled in with stone, with 
bricks, or with other artificially composed materials. 
Wood and iron may be employed as ties, as well as 
for teams, rafters, or any part of -the superstructure 
of these masses, as is usual in building of a which tbe 
w alls are of masonry or brickwork. 

The masses may be of any siae or shape, from the 
‘depth, supposing them solid, of only a few bricks, 
and of the horizontal dimensions of a square of nine 
inches* (being the length of an ordinary brick,) or 
even less, to the size and shape, if hollow, adapted 
to Contain the largest ship, or even several ships at a 
time, so as to form in one mass a dock or lock, or 
any other more extensive work. 

As then the particulars of these masses may vaiy 
so much, the selection, in the instance of each narti- 
cwjar work, of the most suitable form, material, and 
mode of proceeding, must consequently be left to the 
engineer, architect, mason, bricklayer, or other Work- 
man, to w hom the management of the work may be 
intrusted ; 1 proceed to specify, in the way of exam- 
ple, some particular shapes aud dimensions of the 
masses, and some of the modes which may be em- 
ployed for the conveying them to their places, depo- 
siting them, and pressing them down, which shall 
te nretable * to some works of considerable impor- 
tance and variety, so that a skilful engineer, archi- 
tect, mason, or bricklayer, assisted in regard to the 
management of the masses that are to float by some 
one conversant in the management of floating bodies, 
may te enabled, by the consideration of these exam- 
ples, to vary the construction of the masses, and the 
mode of proceeding in the use of them, according tb 
the nature of the particular work he has to carry on, 
and according to the circumstances under W hich it i* 
to te executed. Supposing that in a situation where 
at low water the depth of the water is twenty-four 
feet, aud consequently where a ship of tke line may 
at all times lie afloat, and where the ground is ot 
such a nature as tlrat within a depth of from five to 
ton feet from its surface is deemed incapable of bear- 
ing a solid Wall W ith the weight of the several arti- 
cles that may come to be deposited upon it, it 1# 
required to construct a wharf-wall, it may be pro- 
ceeded with, according to my mode, as follows. 

First let it be ascertained, by means of a probe cr 
otterwise, to what depth, by a known weight pre** 
sing upon a base of known superficial extent, lb® 
ground in the scite of the proposed wall will be 
penetrated. L^t the spot in question be then leveH - 
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eel where requisite, by means of an engine for dig- 
ging under water, or otherwise; and if in the in- 
tended line of wall the evenness of the- ground be 
interrupted by any matter too targe to be removed, 
such, for instance^ as portions of an old ship, let the 
ground in such parts be raised somewhat above the 
most prominent obstacles, bv depositing stones, shin- 
gles, grrfvel, or other such materials, with a mixture, 
w here convenient, of sea-weed, and with die addi- 
tion of some lime, or other cement, if it be thought 
requisite to cement these materials togethenr Se- 
condly, let hollow masses, twenty-one feet square at 
their base, with perpendicular sides, be prepared on 
a platform, in a situation where the tide, at the 
time of high water, rises sixteen feet above the plat- 
form. Let them be built of brick, cemented with 
Homan cement bottom and sides, so as to be water- 
tight, of the form and dimensions shewn by Figure 
1, up to the height of twenty feet, letting in water on 
the rise of the tide, by means of a syphon or other- 
wise, to prevent their floating and running out the 
water by the same means as the tide falls. Thirdly, 
let the masses, when so far built, remain a short time 
on the platform, a week or more, so that the cement 
may indurate. Then let the water be drawn or 
pumped out of them, so that by their buoyancy they 
may float olF the platform. Then having passed 
ropes or chains round them and under them, and 
having put up a pole in each corner, for thev more 
convenient' managing them when afloat, let them be 
taken immediately over the spot where they are to 
be deposited, or previously to some other place, 
w here, on account of smoother water, or better pro- 
tection, or on other accounts, they may lie more con- 
veniently. And let them be built up to the height 
of thirty-five feet, beginning as soon as the buoyancy 
will admit of it to thicken and strengthen the bottom 
and lower part of the sides with additional brick- 
work, and tilling in shingle, rubble, Or other mate- 
rials, mixing them with mortar or lime, so that these 
materials may indurate, and give strength to the 
bottom. 

Fourthly. Having floated one of the masses as 
exactly as possible over the spot on which it is to be 
frVp ositcd, let water into it by means of a syphon, or 
otherwise, so that it may sink to the ground; then 
there will remain perhaps about eight or ten feet 
above water at the time of low water. 

fifthly. Having prepared a vessel laden so as 
that the total weight ot the vessel and lading shall 
be somewhat more than the supposed weight of the 
additional superstructure, which will rest upon one 
mass, together with that of the heavy articles which 
the wall when finished may be supposed liable to 
bear, let this vessel be brought over the mass at the 
time of high water, and be placed so as to ground 
upon the mass when the water falls, having pre- 
viously, according to the shape of the bottom of the 
vessel, made some preparation, by laying timbers on 


the mass, or otherwise, to cause the pressure to be 
sufficiently distributed over the surface of the mas.--, 
and observing, in case the mass should have rested 
out of the level, to place the vessel so as to press 
most on the highest side of the mass. By the time 
of low water, the vessel having rested entirely on . 
the mass, unsupported by the water, the mass will 
have been pressed down more or less; and if it b j 
materially out of the perpendicular, or other direc- 
tion mere desirable, let the vessel be removed during 
another high w ater to another part of the mass, so as 
to bring it into the proper direction ; and let this 
operation be repeated until the position of the mass 
is corrected. If, however, from some unfavourable 
accident or otherwise the mass should not by these 
means lie brought into the required situation, let the 
water during the recess of the tide be pumped out 
of the mass, so that it may be made to float again, 
which may be easily done, unless the bed on which 
it rests be such as to exclude the water from insinu- 
ating itself under the bottom, and let the bed itself 
be raised or levelled in any required part, so that on 
depositing and pressing the mass again it may rest 
in the desired situation. In the same manner let the 
other masses be brought over and deposited in their 
respective places, for the more easy adjustment of 
one mass in a line with the others, an indenture may 
be formed on the side of one mass, and a corresjiond- 
ing projection in the contiguous fide of the other 
mass; or a. perpendicular groove may be formed on 
the sides of each mass, corresponding w ith similar 
grooves in the sides of the contiguous masses, into 
w hich grooves, pieces of timber, in the form of fold- 
ing wedges, may be inserted during the time of phir- 
ing one mass against the other; after which the 
timbers may easily be taken out, and the spaces they 
.occupied, as well as the joints or intervals between 
the contiguous masses, may be filled up with brick- 
work and grout, rubble-work, or other material*.' 

The data, dimensions, and materials described in 
this example being given only as the illustration of 
the general method, it is not meant as being essen- 
tial to the execution of the wharf- wall upon my plan 
that the mode as above described should be minutely 
followed, but on the contrary, in my mode, work for 
a similar purpose may be executed in any depth of 
water, on any soil, of ary dimensions, and of any 
materials, such as brick, stone of any kind, natural 
or artificial, or of any mixture of the smaller stone*, 
such as shingle or gravel, artificially combined to- 
gether w ith Roman cement, mortar, or other indu- 
rating material, taking care in each instance to cal- 
| culate the weight of the materials of each intended 
; mass previously to its construction, as also the quan- 
| tity of water it will displace; so that by duly Tiro- 
portioning the thickness of the bottom and w alls to 
the quantity of water the mass will displace, its 
buoyancy may be insured, taking care tj. at the work 
be executed so as to be water-tight, 
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When the* masses forming component parts of the 
foundation have been deposited and pressed with the 
requisite pressure into their places, which pressure 
may be applied either gradually or suddenly, and be 
made to continue a longer or shorter time, according 
to tin* nature of the soil, the completion of the su- 
perstructure of the wall may be eilected either by 
continuing these masses up distinctly, without bond- 
ing the work of one with that of the other, so that in 
case of any unprovided- tor- occurrence, one mass 
may be at liberty to settle farther without the other, 
.or the work may be carried up in the usual wav, 
bonding that over one mass w ith that over the adja- 
cent one, so as to unite the whole together, and 
thereby the better ensure against any partial settling 
from partial causes. Or if it should be thought 
more advisable, with the view to avoid the delay of 
tide-work, or for any other reason* hollow masses 
may be prepared,, of a height to reach from the ton 
of the foundation masses, up, in some cases,, as high 
as the wall is required to be carried; and these mas- 
ses may be deposited upon the foundation ones, so as 
to complete the work up to its height, taking advan- 
tage of the recess of the tide to deposit a- layer of 
mortar, or other cement^ upon the upper surface of 
the lower, mass, so as to receive the lower surface of 
the upper one, and this either so that each of these 
upper masses should coincide in dimensions, and 
rest exactly over one of the lower ones, or so as to 
extend over two or more of the foundation masses 
to form bond. The masses, whether under or upper 
ones, may either have their walls thickened after 
they are deposited,, or they may be entirely filled 
up^pr they may be made to serve for cellars or store 
rooms, or other useful purposes,, having been pre- 
pared of suitable forms and dimensions for any such 
purpose that may have been in view. In the case 
of forming a mole or pier, w ith a view* to its acting 
as a break-water to the waves of the sea, while at the 
same time it is desired that the tide or current 
should pass with as little interruption as possible, 
instead of forming an entire pier of masonry for such 
a. purpose, or by throwing down stones, or materials 
of any kind, to form a mound, which would totally 
interrupt the passage of the current below, as w ell as 
oppose the violence of the waves above, two or more 
row's of distinct masses might be deposited in the di- 
rection of the iu tended break- water,, leaving in each 
row of masses an interval between mass and mass for 
the free passage of the tide or current, but placing 
the masses of the interior row, opposite to the inter- 
vals of the exterior row, so that the whole together 
should form a complete impediment to the direct ac- 
tion of the waves, yet allowing the tide or current to 
pass below between the masses even in a contrary 
direction. Supposing in this case the masses to be 
cylindrical, say fifty feet diameter, the interval be- 
tween mass and mass in the row also fifty feet, then, 
by two such rows of masses, those of one row not 


more than twenty-five or thirty feet distant from 
those of the other row. the impediment thereby af- 
forded to the waves, wnether coming at right angles 
or oblique to the direction of such break-water, 
would in most cases be sufficient for the purpose of 
insuring smooth w ater within the space protected by 
those masses, while the passage of the tide or cur- 
rent w on id in no part of the pier be diminished mom 
than half. But w ith the view to the affording a 
more complete impediment to the action of the 
waves, and at the same time a still less impediment 
to the course of the tide or current, masses might lie 
constructed and deposited of a form suited to serve 
as foundation masses in the manner of the piers of a 
bridge: and superincumbent masses, prepared of a 
form suited to the extending from one foundation 
mass to the other, might be deposited, resting each 
end upon a foundation mass, fbrming. altogether as 
it were a bridge, but differing from an ordinary 
bridge, inasmuch as with a view to the not op- 
posing the under surface of the superincumbent 
mass to the violence of the waves, and to the 
affording as complete a protection during low water 
as at other times, the lower part of the continuous 
structure should be kept as low as to be always 
under water, even during low water. 

These superincumbent masses having been* made- 
in the first instance hollow’, with a view to the float- 
ing 1 them to the others, on which they are to be depo- 
sited, ifit should not bedeemed necessary afterwards 
to fill them up, to a fiord greater strength or weight, 
might be formed with sloping sides towards the side 
exposed to the violent action of the sea, but with 
perpendicular sides towards the still water, and 
might be made to afford wharfage, and a great 
quantity of inclosed space, applicable to- various 
useful purposes; 

Supposing it be desired to build a bridge where 
the ground on which the piers are to stand has been 
found, by probing as well as boring, to be of an 
uniform tenacity, eaually yielding,, or when it can 
be made so by the neposit of any materials, let the 
foundation of each pier, with more or less of the 
superstructure, at least so much as to reach above 
low water, be of one single mass, and let it be 
floated, deposited, and pressed in the same manner 
as is described in regard! to the wharf wall. Should 
the ground* be of unequal- degrees of firmness, or if 
on any other account it should be advisable that 
the foundation of each pier, with more or less of its? 
superstructure,, should be formed of any greater 
number of distinct masses, either contiguous to, or 
more or less distinct from one another, let each 
pier be proceeded with in distinct masses, as in the 
case of the wharf wall, but varying the forms of the 
masses, as may be most eligible, tor the particular 
purpose of the pier. In cases where the bridge i* 
to serve the purpose of a dam, with a sluice ora 
lock, between any of the piers, let a mass be con- 
structed, 
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rtraeted, or such form and dimensions as shall com- 
prehend at least all the under-water part of the 
whole of the sluice, or other work requisite between 
the piers, together with a part, sa y half, of each ot 
the piers, one on each side of the sluice. The bot- 
tom of each sluice or lock, may be in the form of an 
inverted arch r or otherwise; hut as a mass so 
shaped would form only the bottom and two sides 
of the four requisite to form a cavity, by means of 
which the mass might be made buoyant, let the two 
other sides, or ends be formed, in a temporary man- 
ner, across the space between the half piers, one at 
each end, so as to keep out the water while such a 
mass should be building, or at least while it should 
be transporting to the place in which it would be de- 
posited, and so that these temporary ends should 
afterwards be readily taken away. These tempo- 
rary ends might conveniently and economically be 
Turned oftwo floating dams, which being analagous 
in their use to floating dams employed instead of 
gates to keep the water out of docks, might be 
made on the same - principles, or otherwise. And if 
all the arches of a bridge or dam were made of the < 
same size, these two floating dams would serve not 
only as the temporary sides of the foundation masses 
for forming all the spaces between the piers, but 
they would afterwards serve to -exclude the water 
from any of these spaces during the examination, the 
adjustment, or the repair of the sluices, or other work 
that might be requisite within these spaces. In a simi- 
lar manner sluices or locks may lie constructed in 
other situations than that of forming part of a bridge 
when the perpendicular wall, instead of forming 
halves of piers, may be made to join into walls of an 
embankment, or of a bason or canal. In like man- 
ner a dry dock, for the reception of one or more 
ships, of any size may be constructed, excepting that 
in this case the head of the dock would probably be 
composed of the same material as the sides, and 
only one floating dam, or other temporary boundary 
would be required for one of the ends of the mass, 
which might be the same dam or gates that would be 
requisite afterwards tor the exclusion of the water 
from the dock when in use. For the forming an 
embankment in a situation where there is not, and 
where it is not required that there should be, a 
depth of water of more than eight or ten feet w here 
the ground is uniform, and if not level, such as may 
easily be made so by a diggingengine, or otherwise; 
and where cellar room, store-house room, and habi- 
tations are wanted' as near as passible to the water ; 
masses for an embankment, under such circumstances 
may be built of any suitable dimension*, in the mode 
exhibited by Figure 2 : so as when deposited, to 
form at once fifty or one hundred feet or more of 
embankment, the expence of which would little ex- 
ceed that of a building of the same siz^, constructed 
elsewhere, for the other purposes to which such a 
mass would be the same time applicable. If it be 


required to stop the passage of a great body of 
water, as in the case of damming up a river, masses 
may be prepared, of the requisite depth, according to 
the" situation they are respectively to be deposited 
in, and the bed may l>e prepared in a manner suited 
to their settling into the ground water-tight ; and 
the sides being prepared with or without corres- 
ponding indentures, and w ith or without the inter- 
position of some compressible or elastic substance 
they may lie brought together and deposited at the 
time of Stillwater, whether high or low water, a.«r 
best suited to the purpose ; and by placing them in 
a line somewhat curving towards the side from 
which the pressure will come, they may, as soon as 
a difference of level occasions a pressure, be forced 
by that pressure close together, and into the banks 
against which they are required to abut. 

As to the general means of rendering masses for 
the before-mentioned purpose buoyant and strong, 
it is ev ident that, in point of buoyancy, nothing more 
is required, as before observed, than that they should 
be of a capacity in proportion to the weight of 
materials employed, so as to displace a quantity of 
water sufficiently great for its weight to exceed 
that of the materials used; so, in regard to the 
giving the requisite strength, the force with w'hicii 
water presses at different depths is well known, as 
are various means of using different materials to the 
best advantage to resist that force. But as the 
forming the sides as well as the bottoms of the 
masses in the first instance ^as light as possible,, 
(however much they may be strengthened by ad- 
ditional materials afterwards) is a matter of more 
importance than in buildings of the usual kind, I 
h&ve to observe, that one mode, of very extensive 
application for giving to such work great strength, 
with little weight, is the making the walls of the 
masses double, with cellular partitions, and the 
bottoms at first very thin, hut strengthened by riba 
of stone, or brick-work, which may be made in 
some cases, no thicker than the thickness of an 
ordinary brick, if the cement be strong, as shewn by 
Figures 2 and 4. Bottoms of masses so constructed, 
however great their superficial extent, may be ad- 
vantageously built oil platforms, not more than five 
or six leet below the level of high water, since by 
that means the work would be but little interrupted, 
by the tide, and they might also be constructed on a 
platform composed of logs of timber floating on the 
w ater ; and as soon as the sides of the masses were 
carried up sufficiently high to make them buoyant;* 
tire logs of timber might be drawn from under taem. 

Or- cellular bottoms may be formed, by preparing, 
first, small portions of this bottom, as represented 
by Figure 4, which portions being, applied together, 
side by side, when floating in the water, and heiil 
by some temporary means close together, grout, may 
be applied in the interstices at the place of juncture, 
so as to cement the portions together ; after wliicu % - 
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they or other shaped compartments, may be raised 
upon, over the junctures so as to connect these several 
portions more firmly together, and the work may be 
proceeded with as it the whole bottom had been built 
ashore, and united together in one mass in the first 
instance. The masses for the above mentioned pur- 
poses being all of them structures in water, have 
been spoken of as hollow, a mode of forming them 
winch seems in general preferable for water-works, 
on account of the facility of floating them about, ami 
of raising or lowering them by the rise and tall of 
the tide. I have to observe, however, that accord- 
ing to my mode masses for such purposes might in 
many cases be made solid ; and being formed over 
the spot on which they are to be deposited, they 
might be supported by tackles, or otherwise, during 
their construction, and be lowered down into the 
water as thejr structure is proceeded with; or they 
might be formed on land, and slid down on a kind 
of rail roads, or otherwise, in an inclined direction, 
one over the other, so as to form a progressive pro- 
jection from the land into the sea ; or, although 
formed elsewhere, they might be floated between 
vessels, or otherwise, to the place where they are to 
be deposited. They might also be made hollow, 
though without being water-tight, and be floated to 
their places, or even be built afloat, supported by 
buoyant bodies of various kinds, and in masses 
' of various shapes, particularly in regard to cy- 
lindrical masses. A cylindrical vessel of wood, 
hooped together like a cask, might be applied on 
tiie inside of a cylindrical mass, by means of whieJi 
interior support with or without the addition of some 
farther support, applied on the outsides of the mass, 
such a mass might be thus built and deposited, and 
afterwards be pressed, w ithout the need of making 
it water-tight, or without the mass itself having any 
bottom. 

In the case of a wall, or other erection of an em- 
bankment, or for other purposes, being to be con- 
structed ou ground vyhich, though dry at the time of 
low water, is considerably, say five or six feet, un- 
der water.at the time of high water, the foundation 
in that case may be laid in distinct masses, built up- 
on the spot contiguous to one another or not; of 
large dimensions, or small., like piles, to such an 
height as that a flat bottomed vessel, loaded with 
tiie requisite weight, may be grounded upon them, 
whereby the stability of the w ork may be ensured 
before the superstructure is proceeded with, with the 
same ease as if the work had been more under w ater. 
In regard to the masses proper for forming the 
foundations of structures on land, in the case of the 
ground being such as though at the surface it be un- 
fit for the support of the structure, yet there being a 
firm stratum at no great depth, but vary ing at dif- 
ferent parts under the scite of the structure, suppo- 
sing it be required to make tlie structure rest on 


the ribs or walls dividing the bottom into square, 
piers, on which, by the turning of arches from one to 
the otlier, or otherwise, an entire support for the 
superstructure may be found at the surface of the 
ground, or above it, for the forming of those pier^ 
Let distinct masses of stone, brick- w'ork, or other 
such materials, be built up, standing first on the sur- 
face of the ground, sinking down more or less du- 
ring their construction; and when built up to such 
height from their bottoms as may be supposed suffi- 
cient to reach to the solid ground, let w eights of any 
kind, such, for instance, as iron ballast, be laid upon 
them, to press them through the yielding soil on to 
or into the hard stratum ; the foot of each pier being, 
if requisite, adapted in shape to penetrate the soil 
with or without a shoe of cast-iron, or other mate- 
rials, particularly suited to the purpose ; or let this 
pressure be assisted or be given wholly by percus- 
sion, applying some intermediate substance upon the 
head of the piers, for the beater to strike upon, with 
such other precautions as to the weight and velocity 
of the beater as are known to be suitable to the forc- 
ing down brittle materials without injury', in cases 
where the stability of the structure is made to de- 
pend on the,extent to which the foundation is spread 
for procuring the requisite support, having estimated 
the weight, which a given extent, say a yard square, 
of the foundation, under the different parts of the 
building, is required to sustain; and having probed 
the ground, to form some opinion of the depth to 
which a sepia re yard of surface must l>e pressed be- 
fore it w ill support that w eight, let distinct masses be 
built up perpendicularly on bases of the extent of, 
say a yard square, contiguous to one another, over 
the whole scite of the foundation, and up as high as 
it is supposed they w ill be pressed into the ground, 
each mass respectively more or less, in consequence 
of any variations there may be in the nature of the 
ground, or in the weights to be supported by different 
parts of the foundations. Then let the requisite 
weight l>e applied upon each mass respectively, or, if 
the means be easy, oil several contiguous or es at the 
same time ; or (as before) let percussion be employed 
either to a degree calculated to be at least equal to 
that of the requisite pressure by weight, or let 
weight and percussion be jointly employed, until tU 1 
whole of the distinct masses, constituting the foun- 
dation, have been submitted to the requisite pressure. 
In cases where the pressure, which different parts of 
the foundation will nave to support, is very different, 
as that of the foundation for the steeple of a church 
compared to thai of the lighter parts, let the mass or 
masses forming the foundation for the heavier part?, 
be always distinct from those for the lighter part?, 
and let them be pressed with a proportionally hea- 
vier weight. These masses when placed contiguous 
to one another in a proper direction, one w ith regur 
to the ether, may then be pressed down, and whin 
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pressed clown, they may be connected together |J and makes its way to the heart of the wood, the sub- 
before the superstructure is proceeded with; and | stance of which is presently destroyed. As a means 
in some cases it may be expedient to make those '"of preventing this evil, some burn and scorch the 
masses no larger than piles of wood, to which, 1 timber over a flaming tire, turning it about till every 
however, they might be preferable, as being* of , side acquire a sort of crusty surface; and in doing 
cheaper and more durable materials. j this, it necessarily follows, that the external moisture 


EXPLANATION of FIGURES ill PLATE 1 of BRIDGES, j 

4< Figure 1, ( Plate 1) A, section. B,planof a foun- i 
da t ion mass of brick- work, for a wharf wall in deep 
water, b b 6, parts added gradually to the bottom. 

Figure 2, A, section of a mass of brick-work to 
form part of an embankment, and at tlie same time 
to serve other purposes of an ordinary building; 
part of which shews the superstructure, and the parts 
gradually added to the bottoms to strengthen them 
as the superstructure advances, and as by that means 
a sufficient buoyancy is obtained. B, plan of the 
same. 

Figure 3, A, section. B, plan of a cylindrical 
mass of masonry or brick-work, applicable for the 
foundation of a break-water, or for other purposes. 
The lines a a distinguish the superstructure and the 
parts added. 

Figure 4, A, longitudinal section. B, transverse 
section. C, plan of one of the constituent parts to 
be prepared ashore for the bottom of a mass of any 
extent, which may be formed by a number 8f such 
constituent parts put together afloat. ” 

Wooden Bridges now demand our attention. 
There are various methods of constructing wooden 
bridges, so as to answer valuable purposes, even j 
to last a very considerable time. The simplest case j 
of these edifices is that, in which the road-way is j 
laid over beams placed horizontally, and supported i 
at each end by piers or posts. This method, how- 
ever, is deficient in strength, and width of opening: 
it is therefore necessary in all works of magnitude, 
to apply the principles of trussing, as used in roofs 
and centers. Wooden bridges of this kind are there- 
fore stiff frames of carpentry, in which, by a proper 
disposition, beams are put, so as to stand in place of 
solid bodies, as large as the spaces which the beams 
enclose; and thus two or more of these are set in a 
butment with each other, like vast arch stones. One 
of the most important points to be considered in 
wooden bridge building, is the seasoning and pre- 
paring of the wood, so as to make it lasting. In 
seasoning of wood for this purpose, the following 
particulars should be attended to : it is well know u 
that the decay of fir timber is generally owing to the 
sappy nature of its exterior surface, which is by no 
means capable of being removed by any immediate 
application of paint, previous to its being seasoned : 
on the contrary, it has been proved, that such an 
application is actually injurious, since it hinders the 
free admission of air and heat, which would have the 
property of extracting that sappy quality which so 
much contributes to decay and rottenness. In con- 
sequence of this practice, the sap strikes inwardly, 


is dissipated. After this process, a mixture of pitch 
and tar, sprinkled with sand and powdered shells, 
may lx; advantageously applied to the parts under 
water. Those more in sight, after being well 
scorched, and while the wood is hot, should be rub- 
bed over w ith linseed oil, mixed with a little tar. 
This w ill strike deeply into the grain of the wood, 
and will soon harden so as to receive as many coats 
of paint as may appear necessary. It has been found 
that fir timber, this prepared, is nearly equal to oak 
for durability. 

Palladio has given several excellent designs of 
w ooden bridges, Figure 1 Plate 2, of Bridges , one 
of which was erected on the river Cismone, which 
separates Italy from Germany, and is 100 feet wide ; 
this width is divided into six equal parts, and at the 
end of each part, excepting at the banks, which are 
strengthened with pilasters of stone, the beams are 
placed, that form the breadth of the bridge, upon 
w hich, a little space being left at their ends, were 
placed other beams lengthways, which form the 
sides. Over these, directly upon the first, the king 
posts are disposed on each side; these king posts 
are connected to the beams, which form the breadth 
of the bridge, by means of irons passing through the 
projecting ends of the beams, and bolted and pinned 
through both. The invention of this bridge Palladio 
considers as very worthy of attention, as it may serve 
on ull occasions where posts cannot with convenience 
be introduced in the river. lie describes also other 
methods of constructing wooden bridges, without 
posts in the water, like the fore- mentioned. The 
bridges after the first method are to be made in this 
manner : Figure 2, the banks being strengthened by 
pilasters wheii necessity requires, one of the beams 
forming the breadth of the bridge is to be placed 
with one end upon the pier, and the other end abbut- 
ting against the first queen post, w'hich is to be con- 
nected with the beams by irons. Then the second 
beam being placed at a clistance equal to the space 
between the first beam and the pier, which is to be 
supported in like manner with a queen, and strut 
and queen posts, and thus proceeding, as far as re- 
quired, observing to have a king post in the middle 
of the length, in w hich the struts meet both ways, 
and collar beams between all the posts, which stiffen 
and support the whole construction. It should lie 
recollected that wlien bridges are constructed after 
this manner that they are to be wider at the extrtj- 
mities, and contract towards the middle. 

The bridge represented in Fig. 3, is also from 
Palladio. Its upper part, which is the support of 
* the whole, is inscribed in a flat segment of a circle • 

M tk* 
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the braces which go from one king post to another, 
are so disposed, that they cross each other in "the 
middle of the spaces between the king posts. The 
beams that form the floor of the bridge are bound 
to the king posts, with irons ; and for still greater 
strength struts may be added at each end, reaching 
from the piers to the first beams. 

The design delineated in Figure 4, may be made 
With a greater or less arch than is there shown. The 
height of the bridge in which are placed the braces 
between the king posts, Palladio recommends to be 
an eleventh part of the span. The French army 
destroyed in the year 1799 at Schafhussen in Swit- 
zerland, a wooden bridge, which was erected in the 
year 1740, by a carpenter of Appenzel, named Ulric 
Grubenman. At that place the Rhine is exceeding- 
ly rapid, and several stone bridges, erected by emi- 
nent architects, had been repeatedly swept aw'ay by 
the torrent. In consequence of this, the above- 
mentioned ingenious mechanic, offered to erect a 
wooden bridge, with only one arch, and which should 
overcome every difficulty, though the river at that 
place is near four hundred feet across. The magis- 
trates of Schafhusen w ould not consent to his pro- 
posal, but required that it should be built with two 
arches, and that the middle pier of the old bridge 
should be employed for that purpose. Ulric Griib- 
enman obeyed ; but framed his timbers on so curi- 
ous a principle, that he has left it a doubt with sub- 
sequent architects, whether the bridge really deriv- 
ed any permanence from the middle pier; or who- j 
ther it would not have been equally as secure, if it ! 
had been formed only of one arch. A man of the ! 
lightest weight, in walking over it, could feel the 
bridge tremble under him ; and yet waggons with 
the heaviest loads passed over it, without appear- 
ing to be affected by its elastic motion. 

x his simple but truly ingenious notion of Grub- 
enman has oeen greatly improved by an engineer 
in the erection of a bridge in North America. To 
span of thd arch is about 250 feet, and its rise very 
small. 

Figure 6, Plate 2, of Bridges represents three 
beams of the arch. They are formed of logs of 
timber 10 or 12 teet long of a suitable curvature 
without trimming across the grain. Each beam is 
double, and consisting of two logs applied to each 
other, side to side, by breaking joints. They are 
united together by wedgef and keys, driven through 
them at short distances, as at K, L, &c. by the me- 
thod illustrated in the joining of timbers sidew ays, 
see Article C arpentry. This being understood, we 
proceed to exhibit a method by w hich a number of 
t)eams may be united together, so as to compose an 
arch of any thickness. The beams have other mor- 
tises w orked out of their inner sides, half out of each 
half of the beam, and the mortises formed as des- 
cribed -in the article alluded to above. Long keys 
B 1> ; C C ; are then made to fit them properly, the 


notches being so placed as to keep the beams at theit 
proper distances from each other, and a long wedge 
A A driven in between the keys will bind the whole 
together. 

Timbers by this method are brought into a firm 
and uniform abutment; it is indeed extremely flex- 
l| ible, having nothing to keep it from bending by an 
inequality ofload, but the transverse strength of the 
beams at the same time. It is evident that this ten* 
dency to flexibility may be counteracted by the in- 
troduction of diagonal pieces ; by which means this 
construction may be strengthened to any degree of 
stiffness, and thereby enable it to bear any inequa- 
lity of load. 

When strengthened and supported in this manner 
it will be decidedly preferable to any construction 
which has yet been made known ; and it possesses 
besides the peculiar advantage of having any piece 
of timber taken out and repaired, without disturb- 
ing the rest, or by any means endangering the struc- 
ture. f 

Iron Bridges . — Modem invention has produced 
bridges of cast iron, which are cheaper than those 
built with stone. Iron bridges are the exclusive 
invention of British artists ; and that metal being 
abundant and cheap, has of late been employed in 
many works where great strength was required in 
proportion to the weight of the material. 

“ Fusible iron, as a material for bridges, has 
many advantages over 9tone or wood. It is supe- 
rior to the first in tenacity and elasticity ; and from 
thence in strength, in the facility of formation, and 
in the extent of the masses in which it can be ex- 
hibited ; all which, make it superior, in lightness 
and cheapness. To wood it is superior in all the 
same particulars, and in that of durability besides; 
in which respect alone, it is inferior to stone. 

The greatest durability of stone, arises in the first 
instance, from its being less acted on by the weather, 
and in the second, from its 'experiencing less vibra- 
tion from the motion of carriages on account of the 
great masses in which it is used. But there are se- 
veral ways of guarding against the deficiency of 
iron in these respects ; paint will prevent corrosion 
from rust for many years, and instances could be 
shew n, where cast iron carriages of garrison guns, 
have been preserved thus, in an unimpaired state, 
from the time of the last kin^ William, and the 
vibration can be greatly diminished, if not totally 
prevented, by the use of triangular framing through* 
out, and by putting sheet lead betw een the joints ot 
the frames. But it is probable both evils 

E revented more effectually by the mode proposed 
y the late Mr. Samuel Wyatt, to the House o 
Commons, of filling the vacancies between the iron 
frames, with some compact cheap material, and none 
would be more effectual lor this purpose, or perhaps 
cheaper in the' end, than brick cemented by Itomnn 
ce in out, or pozzolana, or tarras, which, 
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binding* nature chiefly to iron oxyd, would unite to 
the iron of the bridge in the closest manner, and 
defend it from every access of ajr, while the increas- 
ed mass that would be thus produced, would annihi- 
late vibration, or reduce it to an imperceptible 
quantity. But as lightness is a desirable quality 
in these bridges, perhaps it might be advisable to 
form hollow bricks purposely for 'this use; which, 
on account of the more complete biking, or burn- 
ing in the kiln, of which they would be capable, 
would, perhaps, be equally durable as any stone. 
As a proof of which opinion, the thin bricks used by 
the Homans, are still in perfect preservation in 
many places. Filling-up the intervals of the iron 
bars would also have the advantage of preventing 
almost entirely tlieir expansion and contraction from 
change of temperature. 

Iron may be used for bridges either on the prin- 
ciple of equilibration, as stone is, or on that of con- 
nection by framing, as wood is in some bridges, but 
more generally in roofs. For large bridges, the 
first is preferable, according to the best opinions ; 
but probablv the latter mode would be found cheaper 
for small bridges. There has been one specimen of 
a wooden bridge built on a very different system 
fro pi others, (of which many models are preserved 
though the French have destroyed the original) that 
seems worthy of being imitated in iron, on a greater 
scale, which is the bridge of such a curious structure 
that stood so many years at Schafhaussen ; and it is 
probable if tiie model was studied with this view by i 
an experienced engineer, many useful ideas might ' 
be obtained on the subject. The greater flatness of 
the arch, which iron admits of, is an advantage it i 
has over stone, which should not be omitted, it is 1 
capable of demonstration, (and has been proved, see 
Mr. J. W. Boswell’s paper on Roads and Wheel 
Carriages, inserted in vol. 17, of the Repertory of 
Arts, See.) that every increase ©f ascent in a road, , 
adds to the expence of conveying goods over it, in i 
a greater degree than has been suspected. A lofty j 
arch has in this respect all the disadvantages of ’ 
a high hill, while a flat arch either affords a level ; 
road, or one nearly so.” j 

u The difficulty of preparing centering for the j 
large arches (the capability of producing which is ] 
one of the greatest advantages of the art of framing j 
iron bridges) is now in a great measure removed, I 
by ti e ingenious mode proposed by Mr. Telford, in 
his Report to the House of Commons on the propos- 
ed bridge over the Menai.” Ste Repertory of Arts , 
S\c. No. 111. for the method of constructing and 
centering, after the ingenious mode proposed by 
Mr. Telford, see ( enter , article Carpentry. 

The j^rst iron bridge of any importance seems to 
be that of Colebrookdale, m S ropsiiire. This 
bridge is composed of five ribs, and each rib of three 
concentric arcs connected together by radiating 
pieces. The interior arc forms a semicircle, but the 
©there extend only to the cills under the roadway. 


These arcs pass through an upright frame of iron at 
each end, which serves as a guide; and the small 
space in the haunches between the frames and the? 
outer arc, is filled in with a ring of about seven 
feet diameter. Upon the top of the ribs are laid 
cast iron plates, which sustain the road way. The 
«pan of this arch is 100 feet 6 inches, and the height, 
from the base lino to the centre, 40 feet. The road 
over the bridge is 24 feet wide, and is imbedded 
with clay and iron flag a foot deep. The most ele- 
ant and ingenious structure of this kind, is the 
ridge erected over the Wear at Sunderland^ by R. 
Burdon, Esq. being the result of an invention guar- 
anteed to him by letters patent, dated September’ 
18, 1795, and which he describes as follows: “I, 
Rowland Burdon, do declare, that my invention con- 
sists in applying iron, or other metallic composi- 
tions, to the purpose of constructing arches, upon 
the same principle as stone is now employed, by a 
subdivision into blocks, easily portable, answering 
the key stones of a common arch, which, being 
brought to bear on each other, gives them all the 
firmness of the solid atone arch ; whilst, by the great 
vacuities in the blocks, and their respective distances 
in their lateral position, the arch becomes infinitely 
lighter than that of stone ; and, by the tenacity of 
the metal, the parts are sodniimately connected, that 
the accurate calculation of the extrado9 and rntrados, 
so necessary in stone arches of magnitude, is render- 
ed of much less consequence. The connecting prin- 
ciple of these iron blocks will be better understood 
by a reference to the annexed plate of bridges, 
where Figure i> represents a block of cast iron, five 
feet in depth from A to A, and four indies in thick- 
ness : having three arms B, B, B, and making a part 
of a circle or ellipsis ; the middle arm is,two feet in- 
length from B to C, and the other two are in propor- 
tion. On each side of the ^rins are grooves three- 

a uarters of an inch deep, and three inches broad, for 
le purpose of receiving maleable or bar iron; and ill 
each arm are two bolt holes. D, Figure represents 
two oflh^se blocks united together, and the joint© 
confined to tlieir respective positions by the bar iron 
on each side of the arms, as at E, E, E : which, with 
other similar blocks, so united and bearing upon each 
other, becomes a rib. F, F, Figure 1, are hollow' 
tubes, six feet long, and four inches iu diameter,* 
having shoulders at each end, with holes answering 
to those of the blocks. G is a block of another rib. 

connected with the former by the tubes F, F, placed 
horizontally. Through the holes in the shoulder© * 
and arms of the block and bar iron are bolts (fast- 
ened with cotterels or forelocks) as at II, H, H, H. 
The blocks being united with each other in ribs, and 
the ribs connected and supported laterally, by the 
tubes, as above described, the whole becomes one 
mas^, having the property of key-stones cramped, 
together. 

The bridge consistS'of a single arch, whose span 
is feet ; and as the springjiug Stones on each side* 

project 
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project two feet, the whole opening is 240 feet. The 
arch is a segment of a circle whose diameter is about 
444 feet, its versed side being 34 feet; the whole 
height from low water about one hundred feet. A 
series of one hundred and five blocks form a rib and 
six of these ribs compose the width of the bridge. 
The spaces between the arch and the road-way are ! 
filled up by cast iron circles, which touch the 
outer circumference of the arch, and at the same time 
support the road-way, gradually diminishing from 
the abutments towards the centre of the bridge. 
Diagonal iron bars are laid on tlie tops of the ribs, 
and extended to the abutments to keep the ribs from 
twisting. The superstructure is a strong frame of j 
timber planked over to support the carriage road, j 
which is composed of marl, limestone, and gravel, 
w ith a cement of tar and chalk immediately upon the 
lanks to preserve them. The whole width of the 
ridge is thirty-two feet. The abutments are mas- 
ses of almost solid masonry, twenty- lour feet in 
thickness, forty-two in breadth, at bottom, and thir- 
ty-seven at top. The weight of the iron in this 
bridge amounts to 2(10 tons ; 214 of these ore cast, 
and 46 maleable. The whole expence was 27,0001. 
A very elegant bridge was lately erected over the 
Tiver Thames at Staines, by the ingenious Mr. 
Thomas Wilson, who was employed hy Mr. Burdon, 
in the erection of the preceding bridge. This bridge 
consisted of a single arch, 481 feet in span, and 16 
feet 46 inches in rise, being a segment of a circle 
whose diameter is 480 feet. The blocks of which the 
Tibs were composed, were similar to those in the 
Wearmouth bridge, except that these had only two 
concentric arcs instead of three, as at the latter. 
The arcs were cast hollow, and the blocks connected 
by means of dowels and keys. Four ribs formed the 
breadth of the arch, which were connected together 
by crossed frames. The spaces between the arch 
and the road-way were filled up with circles, which 
supported a covering of iron plates an inch thick ; 
on this was laid the road-way, twenty-seven feet 
wide. 270 tons was the weight of the iron employed 
in the bridge, and 330 of the road-wav. This ele- 
gant bridge, which was considered by far the most 
complete iu design, and the best executed, has fill- \ 
len, but under circumstances rather to prove its su- j 
periority, than to depreciate the design or the exe- | 
cution ; for the iron-work did not give way until the j 
stone abutments first yielded ; the fault was there- j 


fore in the construction of the abutments, and not in 
the iron framing. 

Drazc-Bridge, one that is fastened with hinges at 
one end only, so that the other may be drawn up; 
in w hich case, the bridge stands upright, te hinder 
the passage over a ditch or moat. 

Flying- Bridge, one made of leather boats, pon- 
toons, casks, hollow' beams, &c. laid on a river, and 
covered with planks, for the passage of an army. 

Fly ing- Bridge, a bridge composed of one cr more 
boats, connected together by a sort of flooring, and 
surrounded with a ball us trade or railing ; having 
also one or more masts, to w hich is fastened a cable, 
supported at proper distances by boats, and extend- 
ed to an anchor, to w hich the other end is made fast, 
in the middle of the water. This contrivance per- 
mits the bridge to move from one side of the river to 
the other, without any other help than that of the 
rudder. These bridges consist sometimes of tiro 
stories, for the quicker passage of a great number of 
men, or that infantry and cavalry may paas at the 
same time. 

Floating-Bridge , is generally constructed of (wo 
small bridges, laid one over the other, in such a 
manner as that the utmost stretches and runs out hr 
the help of certain cords running through pullies 
placed along the sides of the under bridge, which 
push it forw ard till the end of it joins the place it is 
designed to be fixed on. When these two bridges 
are stretched out to their full length, so that the two 
middle ends meet, they are not to be above four or 
five fathoms long, because, if longer, they will break. 

Bridges of Boats are made of wooden or copper 
boats, fastened with stakes or anchors, and laid over 
with plank. 

Pendent or Hanging Bridges, often called Philoso- 
phical Bridges , are those which are supported only 
at the two ends on butments, without posts or pillars. 
Instances of such bridges are given by Pallaaioand 
others. The celebrated Dr. Wallis gives the design 
of a timber bridge seventy feet long, without any 
pillars or supports whatever. Dr. Plot also ir.fonns 
us, that there was formerly a large bridge of this 
kind over the Castle ditch at Tutbury, in Stafford- 
shire, constructed of pieces of timber only a y ard 
long each, and without any sort of prop whatever. 

Rushen Bridges are made of large sheaves of 
rushes, covered with planks : they are used for cross* 
in; of ground that is boggy, rotten, or miiy. 
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Baking is the art of preparing bread, or of reducing 
meals of any kind, whether simple or compound, in- 
to bread. 

Man, who appears to be designed by nature to eat 
of all substances that are capable of nourishing him, 
and still more of the vegetable then the animal kind, 
has, from the earliest times, used farinaceous grains as 
his principal food ; but as these grains cannot be eaten 
in (heir natural state without difficulty, means have 
been contrived for extrartingthe farinaceous part, and 
of preparing it so as to render it a pleasant and whole- 
some aliment. 

Those who are accustomed tQ enjoy all the advan- 
tage* of the finest human invention, without reflecting 
on the labours it has cost to complete them, think all 
these operations common and trivial: no wonder that 
to such there should appear nothing more easy, than to 
grind com, to make it into a paste, and to bake it in a 
oven. 

It is, however, certain, that for a long time men no 
otherwise prepared their com, then by boiling it in 
water, and forming viscous cakes, which were neither 
agreeable to the taste nor easy of digestion. To make 
good bread, it was necessary to construct machines 
For grinding and separating the pure flour with little 
labour and trouble; and inquires, or perhaps accident, 
which some observing person availed himself of, dis- 
covered, that flour, when mixed with a ceitain quan- 
tity of water and moderately heated, would ferment, 
by which its viscidity would be nearly*destroyed, and 
would make bread more pleasant to the taste, and easy 
of digestion. 

There arc few nations who do not use bread, or a 
substitute for it. The Laplanders having no corn, 
make a kind of bread of dried fish, and the inner nnd 
of the pine, which last is added to make a dry food, 
for which mankind seem to have an universal inclina- 
tion, in preference to that of a bland, slippery muci- 
laginous nature. 

"This is not commonly accounted for, but it seems to 
depend on very simple principles. The digestion of 
our food requires the mixture ot (he animal fluids in 
every stage; among others the saliva is necessary, 
which requires dry fond to bring it forth ; fluid ali- 
ments do not remain long enough in the mouth to 
produce this effect, which is the reason wc use tread 
with our meals. 

When, therefore, it is considered bow large a portion 
of our sustenance is derived from bread, and that it 
forms part of every meal ; it is surprizing that ihe art of 
bread-making has not been, till of late years, a subject 
of scientific investigation. The researches of Count 
Rumfoid and SI. rarmentier have, however, at last 


induced a great number of ingenious men to apply 
themselves to the study of this most important sub- 
ject, wlto by the results of their experiments^ have ren- 
dered the art of making and baking good bread more 
certain and economical;* 

To bake well requires many precautions, and a de- 
gree of skill, which practice alone can secure. It is 
probably owing t* these circumstances, connected' 
with the real importance of the art, that those who 
first began to pursue it as a profession, were held in 
such high estimation in their several nations. At 
Rome, into which regular bakers seem to have been in- 
trodu' ed from Greece about the year of the city 583, 
they were so much esteemed, as to be occasionally 
admitted into the senate;, and to enable them the bet- 
ter to devote more of their time to the studv of their 
business, they were altogether exempted from guar- 
dianships ana other troublesome offices, to which the 
rest of the Roman citizens were liable. 

In treating of this subject we shall pursue the fol- 
low ing arrangement, in conformity to the plan adopt- 
! ed by Mr. Edlin, in his tieatise on bread-making. 

1. Observations on the mealing trade.— 2. Analysis 
of reheat four . — 3. Remarks on yeast— On the 
theory offer mentation of bread. — 5. On the prepare 
at ion of bread. — 6. Subsfilult s for reheat en bread.— 
7. Remarks on the structure of a baht-house , witU 
observations on the different construction of oven*, 

On the Meal Trade. — The great corn-marked 
in this kingdom, is the Com- Exchange, in Mark- 
lane, where ori Mondays and Fridays are exposed 
samples, sent by tlie farmers and corn-merchants tied 
up in small bags, with a label on each, stating the 
number of quarters, and at what plac they are de» 
posited. 

Til* within the last sixty years, the dealers in com 
carried on their trade at Bear Quay, but finding it on 
many accounts extremely inconvenient, the present 
Corn-Exc hange was erected by a company of pro- 
prietors, for their accommodation, and is managed by 
a commilt(H* of three trustrees, chosen by the proprie- 
tors, who have allotted seventy-tww stands, on which 
the samples are exposed for sale ; sixty-four of which 
number are leased out to factors ; the other eight are 
reserved for the Kentish Hoy men. The practice of 
sending samples instead of the article in bulk, we are 
persuaded is injurious to the purchaser ; this evil is 
expressed by ttie committee of the House of Commons 

respecting 


* We beliete the first regular treatise on the art of bread-making, 
was written by Mr. hdlin ; to which publication we are indebted foe 
much of the information contained in toe present article. 
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respecting earn, *lio state, in (heir report, that this 
practice^cnablcs the broker io keep back, or expose the 
quantity on sale as best suits bis ends. 

To this market the millers, mealmen, and corn- 
cbandlers from different parts of the country, resort to 
transact business. The broker has a commission of 
one shilling per quarter for selling foreign wheat, and 
sixpence per quarter, for all that comes coastwise ; 
The buyer has to pay the corn-meter one penny per 
quarter, as a consideration for ascertaining that the 
quantity in bulk correspond to the quantity marked on 
the sample bag. The purchaser is not compelled to 
complete his bargain, unless the report of the corn- 
meter makes the quantities ngra. This saves the 
buyer much trouble, as it frcquciltlr happens that thq 
com docs not arrive at Bear Quay for many days after 
the purchase is made. Most country towns have 
their markets on stated days, where the corn is com- 
monly exposed ill bulk by the farmer, which is a 
jnuch fairer way ; as by this the purchaser is enabled 
to judge how far the market is ill or well supplied 
with grain. The custom of preventing the sale of 
com till a particular hour, is also a very proper one, 
and although wc disapprove of the interference of 
Government in matters of trade, we cannpt sec any 
evil that could possibly accrue from compelling all 
•ales of corn to be made in the market, which if in- 
convenient to be sent in bulk, might certainly be done 
by samples 

Management of the grain in granaries. — 
After the grain is purchased it is sent to the granaries, 
which, arc large buildings of many stories, each of 
which consists of one entire apartment, where, by 
turning and screening, it is deprived of its superfluous 
moisture, and rendered more fit for grinding into 
flour. These operations are performed m the follow- 
ing manner ; the com being deposited on one of the 
floors, it is tossed by means ot shovels from one end 
of it to the other, in which operation the dust and 
any other light substance fails to the floor, whilst the 
^rain being heavier, reaches the farther end of the 

It is then screened and spread on the floor about 
half a foot thick, turning it twice a week, and screen- 
ing it once, which management must be continued for 
tiie first two months. The grain is then laid a foot 
thick, and for the two next months is turned once a 
week, and screened less frequently. This manage- 
ment is to be continued for five or six months, when 
it may be encreased to two feet thick, and the former 
opetations repeated as occasion requires, which will 
fce more frequent in damp than in dry weather. 

After a year it may De increased in thickness lo 
three feet and turned and screened oucc in three weeks 
or a month. By this means corn has been kept in 
this country more than thirty years, and it is observ- 
ed that the longer it is kept the more flour it yields, 
and the purer and whiter is the bread which it 
makes* 


Com is preserved on llie Continent in tlie following 
manner, for fifty or one hundred years. Gra+n treat- 
ed in the same manner as before described, to dry out 
all superfluous moisture, is deposited in a pit and co- 
vered with quick lime a little wetted ; tnis induces 
the corn to shoot to about the depth of an inch, form- 
iog thereby a crust which is impervious to air and 
insects. The pit is then secured by planks laid orer 
it and fastened together. 

In Lord Gardcnstones* travels, we meet with the fol- 
lowing account of preserving com at Geneva. While 
the grain continues new it is turned about once every 
twenty clays, till it requires a sufficient degree of firm- 
ness, which generally requires two years. It is then 
moderately kiln dried, and stowed in the lowest flat of 
the granary, as high as the floor of the next flat ; on 
this manner they proceed lessening the quantity as 
they rise in each flat, for the purpose of saving ex- 
pence. By this method they preserve the grain sound 
for many years. 

Mr. Edlin relates that, after a thunder storm, com 
that is perfectly dry and sound before, will frequently 
feel quite clammy, and that, if not very well turned 
and uried, it will be totally spoiled. This effect does 
not happen to corn above a year okl, unless itbesoci 
as w as not sweated sufficiently in the straw, before it 
was thrashed out. 

To preserve grain from insects, Mr. E. recommend* 
frequent screening, ventilation, and lodging it dry. 
As a further preventative, he recommends the floor* 
being rubbed with garlic and dwarf elder, Ikcsmeil 
of which will drive them away. 

Good wheat should look plump, feel heavy in (lie 
hand, and be of a clear transparent amber colour ; 
and when masticated some time in the mouth, a consi- 
derable portion of n thick glutinous matter, free from 
meal, will l>e left behind. Its taste should be sweetish. 
Wheat with a.thick skin yields less meal and darker, 
and of course fetches a less price. That part of the 
grain which produces the finest flour is the heart or 
centre ; this meal ferments readily ; but the meal pro- 
duced from that part of the grain immediately under 
the coating, and which being softer than the heart, is 
not so easily reduced to powder, is of an inferior kind, 
and ferments with yeast with difficulty. 

Having shewn the manner of preserving grain, w® 
shall now endeavour to give some account of’ the man- 
ner of its being ground and manufactured into flour. 
Mills for grinding corn arc generally called grist- 
mills, and are mostly driven by water. The building 
of the largest mills is commonly three stories high ,* 
on the first floor the corn is ground by means of two 
mill stones one above the other ; the lower stone is 
fixed, but the upper one turns upon a spindle, to 
which motion is given from the water wheel by means 
ol toothed wheels nciing in each other. The surfaces 
f the two stones, between which the corn is ground, 
is not flat or plane, the upper one being hollow, a ,ld 
the lower one rouuding upwards, or convex ; hut as 
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the €#ncavify or hollow of the upper stone exceeds 
that of the convexity or rounding up of the lower, 
it must be obvious, that the stones come nearer toge- 
ther at the edges than in the middle. The corn being 
drivelled from the happer throngh a hole in the cen* 
tre of the upper stone, is worked between the stones 
near two-thirds of the way from the centre to the 
edges, where it begins to be ground, the space at that 
place being but one-half or three-fourths of the th ic,k- 
iicssoftliegrainsof.com; it may, however, be in- 
creased or diminished whenever the miller thinks 
proper, by raising or sinking the upper stone, which 
will of course make the flower finer or coaiscr. There 
are furrows cut in the stones, from the centre to the 
sides, which causes them to cut quicker. When the 
corn is quite reduced to flour,, it is throw n out of the 
mill by the centrifurgal force of the upper stone, 
through a hole made for that purpose into a trough, 
and from thence descends by means of a wooden 
trunk into a bin on the ground floor, which is divided 
info two parts by a partition, and provided with a 
cover. The bunt or sieve through which the meal 
passes to rid it of its bran, is a skeleton of a cilindri- 
cal form, made of iron bats, and extending from one 
end to the other of the bin, not horizontal but a little 
inclining at one end. 1 his skeleton is covered with 
an exceeding fine wove wire for the first half its 
length, and the other half with wove wire somewhat 
coarser; into the upper end of this bunt the meal is 
conducted, and a rotary motion given to it by con- 
necting it with the machinery ; the fine flour falls 
into the first division of the bin, and tlio coarser into 
the second, the bran is discharged at the lower end 
into the joggling screen, to separate what meal is 
remaining in the biu, which runs downs in a locker, 
below. The meal thus separated is again caught by 
a second screen, which in the same w ay separates 
the twenty-penny, and what passes down the third 
screen is called rough stuff, and is made into 
what the corn chandlers call pollard. Wh at conies 
through the first division of the bouit is termed fine 
*>r household flour ; that which passes through the 
second division is called sharps ; these are suffered 
to remain till a sufficient quantity is collected when 
they are re-ground, the stones being sat closer toge- 
ther for that purpose and bouited through the cloth, 
No 17, this is found to produce better flour than if 
the stones w ere set sufficiently close the first grind- 
ing, and what does not pass through this cloth is 
passed through a cloth of a coarser kind, No. 15, 
which forms the fine middlings, and that which will 
not pass No. 13, is dressed through a still coarser, 
No. 11, and is denominated coarse middlings, the 
refuse of which is mixed with the pollut'd.. Sharps 
are not always ve-ground, as they are found to make 
a biscuit of an excellent quality, which keeps longer 
then w en made of flour alone ; it is sold to con* 
tractors for the supply of the navy. 

The finest English wheat that can be procured is 


ground, without the admixture of foreign, and sold 
to the pastry cooks and others, as Hertfordshire 
whites. 

This is the usual course of the mealing trade, and. 
the following is the produce of a quarter of wheat. 

Fine Flour. ..... 5 Bushels 3 pecks. 

Seconds ........ half a bushel. 

Fine Middlings # . 1 Peck. 

Coarse ditto » • . . half a peck. 

Bran 3 Bushels or half a sack; 

Twenty-peuuy . . Ditto. 

Pollard 2 Bushels. 

The flour is now put into sacks, each sack con- 
taining five bushels or two hundred and eighty 
pounds. Flour is better for keeping a short time 
after being ground, as it seldom makes light bread 
when new. 

Fine flour is very apt to breed insects if kept toa 
long after being ground, which are very destructive; 
flour so infested must immediately be made into, 
bread. 

The following, account,, taken from the- second, 
volume of 4C the Repertory of Arts and Manufac- 
tures, ” may serve as a caution to those who may 
have large quantities of meal instore at one time. 
On the 14th of December, 1795* about six o’clock in 
the evening, there took place in the house of M. . 
Giacomelh, baker, in this city of Turin,, an explo- 
sion that burst out the windows and window frames 
of his front shop, and the report was so loud as to be 
heard at a considerable distance. At the moment 
of the explosion a very bright flame,, which lasted 
oiily a few seconds, was seen iu the shop which con- 
tained near, three hundred sacks of flour. In 
this place a boy w r as employed in emptying out some 
flour by the light of a lamp. He had his face and 
arms, terribly scorched by the explosion, his hair, 
was burnt, and it was more than a fortnight before 
his burns were healed. ” 

It does not appear that the flour, which caused' 
the above accident, was damp; and Count Morozzo* 
who gives the account, mentions several explosions* 
w nich happened at different. places and times. We 

insert this account to guard those who may have 
large quantities of flour under their care, to prevent 
their carrying candles into the store, as it may be 
attended with ti.e most dreadful consequences. 

We shall now nolice some experiments which 
were made by Mr. Edlin to ascertain the constituent 
parts of weight. 

This gentleman took one pound of the seed of 
wheat that grew, on a weii- cultivated *>il, and 
ground it in a hand mill; the meal was then sifted 
through a fine lawn sieve, and when the flour was- 
separated there remained three ounces of bran and , 
twelve ounces of tine Hour: this last was put into a 
hair sieve, and a stream of water gradually poured: 
ovor it, whilst he kneaded it into a paste; more 
water was addedilom time to time till the following; 

appearances 
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-appearances took place : A glutinous substance re- 
mained in the hand, which was very elastic. Ti e 
powder which subsided to the bottom of the vessel 
was starch, and the liquor in- which the foregoing 
articles were suspended, was of a brown colour and 
a sweetish taste.* These were all put by for future 
experiments, the result of which was as follows: 
viz. — That the glutinous elastic substance, when 
dried, became perfectly brittle, resembling glue, and 
weighed six drachms. Mr. Edlin is of opinion that 
to t! is gluten wheat owes the property of forming 
an adhesive paste, and its fecility to rise with lea- 
wen, not that it contributes immediately to produce 
fermentation, which is by no means the case ; but in 
forming a more tenacious dough or paste. This 
property exists only in a small degree in barley, and 
is altogether wanting in potatoes, which our author 
thinks is the cause why bread, made from these two 
articles, is so difficult of fermentation. That this is 
the case, seems certain from the experiments of M. 
Beccari, of Bologna, and Dr. Cullejn, who, by adding 
this substance to barley and potatoes, produced 
"better bread from each, then could be obtained w ith- 
out this addition. Parmentier asserts that bread 
may be made from potatoes alone, this opinion, 
however, seems to Be contraiy to the expen ments 
of Mr. Edlin and Dr. Pearson, both being decidedly 
of opinion that this root cannot be fermented so as to 
make bread without the admixture of wheaten flour. 
Hence, they conclude, that no farinacious or mealy 
substance can be made into good bread, that has 
wot the three constituent parts of wheat; for, if to 
the starch of potatoes, some of this glutinous sub- 
stance- l>e added, with yeast and water, it will not 
form a bread, owing to the absence of the saccharine 
or sugery extract, on which the process of fermen- 
tation depends, and which, if this last substance be 
added, even in a concentrated state, w ill immedi- 
ate ly commence. 

It has not yet been ascertained in wha* proportion 
the glutinous substance is found in wheat, Mr. Win- 
ter states that it is less in wet than in dry seasons, 
and Mr. Edlin thinks it more abundant in wheat 
growing on land well manured, then from that 
which is the produce of neglected soils. 

The faecula, or starch, deposited in the bottom of 
the vessel, was next dried, and was found to be fine 
white starch; as this forms by much the most 
■considerable part of the grain. Mr. Edlin, thinks 
it the principal elementary substance of bread, and 
this opinion is strengthened by the fact of many 
thousands of the inhabitants of Ireland, living prin- 
cipally upon potatoes, which contain starch, in con- 
siderable quantity, and are altogether destitute of 
gluten, which has been so much insisted upon, as 
being so extremely nutritive; this is also corrobo- 
rated by experiments on feeding animals. It seems 
also certain, that the foecula or starch of wheat will 
uot make bread without the addition of the glutes 


and saccharine extracts. The next experiments 
were made on the sugaiy, or saccharine extract, 
which proved that however small the quantity may 
be which wheat contains, yet its presence i9 abso- 
lutely necessary in the formation of good bread. 

Mr. Edlin next made a variety or experiments or 
the composition of yeast, in order to ascertain what 
share it ha 9 in producing fermentation in bread. He 
found that the same effect was produced by using 
the fixed air, or sulphuric acid gas, which was dis- 
engaged by pouring some diluted sulphuric acid 
upon powdered marble; he also collected the gas 

E reduced by the fermentation of some newly tunned 
eer, which likewise produced good bread, similar 
in all respects, to that made in the usual way 
From these experiments he concludes that the 
principles \yhich enter into bread, are gluten, starch, 
sugar, and fixed air. 

THEORY OF FERMENTATION IN BREAD. 

In order to make this understood by persons 
altogether unacquainted with chemistry, it is ne- 
cessary that the following facts should be known:— 
that there are three states of fermentation, which 
takes place in the following order, viz. the Vinous, 
which produces w r ine, beer, &c. the Acetous, and 
Putrid. All fermentation is an intestine motion of 
the constituent particles of a moist, fluid, mixed, or 
compound body, by the continuance of which motion 
the particles are gradually removed from their for- 
mer situation or combination, and again, after some 
visible separation is made, joined together in a 
different order and arrangement, so that a new com- 
pound is formed. 

The usual method of making bread with yeast, is 
verv simple, and soon performed. The yeast is ad- 
ded to a part of the flour and well kneaded ; this in 
a short time swells and rises in the trough, and is 
called by the bakers setting the sponge. Afterwards 
the remainder of the flour is added, with a sufficient 

a uantity of water to make it into dough, the whole is 
leu left to ferment and rise. 

The water being added to the yeast, warm, ex- 
tricates the air in an elastic state, and the whole 
being well diffused and mixed with the mass, every 
particle must be raised ; the air being kept from 
escaping by the visciditv of the dough. In this state 
it is neaded, and made up into loaves, which are 
then baked, the increase or heat disengaging more 
of the fixed air, which is further prevented from 
escaping by the forming of the crust, the process 
continuing, the superfluous water is driven out, and 
the bread becoming firmer, retains that spungy 
hollowness w'hich distinguishes good bread. 

From \yhat has already been said, it appears that 
the saccharine extract of the wheat flour, in conse- 
uence of moisture, has its constituent principle 
isengaged, the oxygen seizing the carbenaccous 
matter, and forming carbonic acid, which is 
engaged in the form of gas, occasioning the intestine 
03 3 5 * motion 
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motion and swell i ug of the dough just described; 
but this process, ifleft to itself without the addition 
of yeast, is extremely slow. This is what is called 
leavened bread. | 

In making f bread without yeast, the process is 
mcvre tedious, a small quantity of flour is wetted, 
and allowed to remaiu several hours covered up. 

In this case the water is decomposed; the oxygen 
of that fluid uniting with the sarcharine extract, 
bring on fermentation, which is not of a vinous but 
of an acetous nature, moie flour and water are from 
time to time added to the leaven, till a sufficient quun- j 
tity is ready for baking. Much nicety is required 
in conduct mg this . operation, w hich, if left too long 
v ill make the bread sour, and if time enough is not 
allowed for its raising, heavy bread wifi be the 
result. 

There are many articles in use for exciting speedy 
fermentation in flour, which may be all brought un- 
de r the two following heads : either they are impreg- I 
nated w ith carbonic acid gas, or contain the princi- i 

f ile of acidity ; hence we are able to account w hy I 
ight bread is made at Paris w ith the waters of j 
Genesse, without yeast. At Pyrmont the same thing 
is done with Saltzer water, and in England with ar- j 
tificial Saltzer. There are dlso two springs at Sara- j 
toga, in America, which are possessed of the same | 
properties. All these waters are highly impregna- | 
ted w ith fixed air. 

In warm climates where no beer is brewed, the 
inhabitants commonly raise their bread by the ace- 
tous method as descilbed before, which is generally 
to be perceived by the sourness of their bread. It 
is, however, possible to make good bread by this pro- 
cess, and the mode is often adopted on hoard our 
men of war, in the West Indies, by mixing water 
which lias become sour in casks, "with the flour, 
which will excite fermentation almost as speedily 
as veast. 

In the East Indies, where fermentation is extreme- 
ly quick, a liquor, called toddy, procured bv an in- 
eison being made in the branches or fibres of the co- 
coa nut tree, is used to promote fermentation. 

OF THE PREPARATION OF URCAD. 

In order to prepare bread, flour and water are 
kneaded together ii.io a tough paste; this contains 
the principles of flour, but very little altered, and 
not easily digested by t ; :e stomach. The action of 
heat produces a considerable change, it renders the 
compound more easy to masticate as well as to di- 
gest. Bread made in this manner is called unlea- 
vened, and is used for shipping in considerable 
quantities; but most of the bread used in France, 
Germany, and other European countries, is made j 
to undergo, previous to linking, a kind of ferment. 
The effect of this fermentation is found to be, that 
the mass is rendered more digest able and light, by 
which expression it is to be understood that it is ( 
more porous, by tke disengagement of an elastic !•’ 


fluid that separates its parts from each other, as be- 
fore explained, and greatly increases its bulk. 

The operation of baking puts a stop to this pro- 
cess, by evaporating great part of the moisture, and, 
probably also, by still farther changing the nature 
of the component parts. Bread made according to 
the preceding method, will not possess that unifor- 
mity which is requisite, because some parts may 
be mouldy, while others are not sufficiently changed 
from dough. The same means have been used in 
tins case us have been found effectual in promoting 
the fermentation of large masses ; this consists in 
the use of a leaven or ferment, which is a small 
portion of some matter of the same kind, but in a 
more advanced state of fermentation. After this 
leaven has been well incorporated, by kneading it 
into fresh dough, it not only brings on the fermen- 
tation with greater speed, but causes it to take place 
in the whole mass at the same time ; and as soon 
as this dough iiar, by this means, acquired a due 
increase of bulk from the air which endeavours to 
escape,, it is judged to be sufliciently fermented, 
and ready for the oven. 

The bread principally used in this country is fer- 
mented with yeast, or the froth which arises on the 
surface of beer, in the first stage of fermentation. 
When it is mixed with the dough, it produces a 
much more speedy fermentation than that obtained 
from leaven, and the bread is accordingly much 
lighter, and, unless it is improperly prepared, is 
never sour. 

Having thus briefly touched upon the different 
kinds of bread, we now pass on to its preparation, 
which we shall divide into three kinds; 1st, un- 
leavened bread, 2d, leaveued bread, and 3d, car- 
bonic bread. 

1st. — Unleavened bread is that which the Jews 
eat during their passover ; the custom was intro- 
duced in remembrance of their hasty departure 
from Egypt, when they had not leisure U) bake 
leavened, but took the dough before it was ferment- 
ed, and baked unleavened cakes. In Roman Ca- 
tholic count rie. it is still used, and is prepared with 
the finest wheaten flour, moistened w ith water, and 
pressed between two plate-, graven like wafer 
moulds, being first rubbed with wax to prevent die 
plate from sticking, and when dry it is used. * 

The common method of making unleavened bread 
is as follow s : — Put a peck of flour into a kneading- 
trough, three ounces of salt, and a sufficient quan- 
tity ot warm water; knead them well together till 
intimately blended, then roll the dough out into 
tliin cakes, and bake them in a quick oven, in order 
to render them more porous, taking care to turn 
them during baking. 

To make Arabian bread, from M. NeibuliEs 
Travels. — The modes of making bread are different 
in different parts of Arabia ; but the follow ing man- 
ner of pounding the grain, liowoer troublesome^ 

O is 


Digitized by l^OOQle 



50 


BAKING. 


is in nio^t general practice, and considered plea- 
santer to the taste than meal, that has been ground 
in a mill. In the first place, two stones are pro- 
cured, one convex, and the other concave ; the grain 
is then placed on the lower one, and a mail bruises 
it till it is reduced to a meal ; it is then mixed up 
vifli water, and divided into small cakes, in the 
mean time, an ertrthern pot, glazed on the inside, 
is filled with cliarcoal and set on tin? fire, and when 
it is sufficiently heated, the cakes are laid on the 
outside of it, without removing the coals, and in a 
tew minutes the bread is taken off, half roasted and 
eaten hot. 

The wandering Arabs of the desert, when they 
have not this convenience, list* a heated plate of iron, 
or a gridiron, to bake their cakes ; and when these 
are wanting, they roll the dough into bulls, and put 
it into a fire of camels’ dung, where it remains 
covered up till it is sufficiently penetrated by the 
heat. Bad as this bread is, it is better than the 
durra bread, which is in general use among the 
common people ; it is made of eoarse millet, knead- 
ed up with camels milk, oil, butter, or grease, 

S um cled together, and then baked in the embers. 

. Neibuhr, observes, that he could not eat this 
bread at first, but the people of the country being 
accustomed to its use, prefer it to barley bread, 
which they think too light. 

2d. Of leavened bread. — This operat ion consists 
in keeping some paste or dough till the acetous fer- 
mentation takes place, when it swells, rarities, and 
acquires a sourish and rather disagreeable taste. 
This fermented dough is then well worked up with 
some fresh dough, which is, by that mixture and 
moderate heat, disposed to a similar but less ad- 
vanced fermentation than that above mentioned. 

By this fermentation the dough is attenuated and 
divided, air is introduced, which being incapable of 
disengaging itself from the tenacious and, solid 
paste, forms it into small cavities, raises and swells 
it; hence the small quantity of fermented paste 
which disposes the rest to ferment, is called the 
little leaven. * 

When the dough is thus raised, it is in a proper 
state to be put into the oven ; where, while it is 
baking, it dilates itself still farther by the rare lec- 
tion of the air, and forms a bread full of eyes or 
cavities, consequently light, entirely different from 
the heavy, compact, visous, and indigestible masses 
made by baking in fermented dough. 

It often happens that bread made with leavened 
dough, acquires a sourish, and disagreeable taste, 
which is said to proceed from too great a quan- 
tity of leaven, or from leaven in which the fermen- 
tation has advanced too far. This circumstance 
was explained in the last chapter, where it was 
stated, that unless the principal of acidity is gene- 
rated, it will not ferment at all. However, as it 
is a subject that deserves particular investigation, 


we propose, in the following experiments, toenquiro 
if this disagreeable flavour, when it does occur, can 
be counteracted. 

Mr. Edlin took one pound of wheat flour, and put 
it into a kneading trough, and mixed it up into a 
paste with eight ounces of water, at the temperature 
of* 65® of Farenheit’s Thermometer. This jnixtgre 
was placed in 76 degrees of heat. In twelve hours 
no apparent change had taken place; but, on ex- 
amining it at the end of twenty-four hours, he ob- 
served several bubbles of air, which increased in 
number on kneading the dough, and on introducing 
the thermometer, it stood at 70, 1 -fourth, an increase 
of 5, 10-fourths in the heat, inconsequence of the fer- 
mentation. 

At the expiration of thirty six hours lie found this 
little leaven in a complete state of fermentation, anti 
much thinner than on the preceding day ; it was 
also of a sourish taste. He then added three pounds 
more flour, one ounce of salt, and a pound and a 
half of water, by w'eight ; the whole was kneaded 
for about half an hour, and left to ferment again for 
six hours longer. 

It was then made up into a proper consistence 
for baking, which required eight ounces more flour ; 
and in weighing the whole, it turned out exactly 
six-pounds, the quantity used in the experiment. 

1 1 is reasons for determining its weight was, to as- 
certain whether, during fermentation, any sensible 
quantity of air was absorbed. 

. It was now divided into six equal portions, and 
made into as many loaves, ^ These were placed in 
the oven, and after remaining in that situation half 
an hour, they w ere found to be sufficiently baked. 
This is known bv tapping with your finger on the 
bottom crust, and when done, the sound emitted b 
sonorous, but if not baked enough, dense. It is a 
sound difficult to be understood, and can only be 
learnt by practice. 

The loaves were removed from the oven, taken 
off the tins, and placed 1 on a board ; one of them was 
wrapped in flannel, while the others were exposed 
to the air. When cold they where all weighed, and 
turned out five pounds two ounces,* fourteen ounces 
less than when they were put into the oven, and ten 
ounces more than the flour used in the experiment. 

On weighing the loaf that was covered with the 
flannel, and one of the others that had been exposed 
to the air, though they were of equal weight 
when taken out of the oven, yet now the one that 
was covered up proved to be four scruples heavier 
than the other, making a difference of three quarters 
of an ounce in the quartern loaf. 

They w ere both cut asunder, and the bread looked 
porous, was tolerably light, and absorbed moisture 
readily; but the taste was sourish; it seemed as n 
a small quantity of vinegar was ^dded to the dough, 
but still it was palatable. 

On tasting the crusts, that which had been ceverj 
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e d up was crisp and easily masticated, while the, 
other was tonga, dense, and in every respect disa- i 
greeable. ' 

In order to make leavened bread without this sour 
taste, the following experiment was made. 

He took one pound of flour, and mixed it up 
with eight ounces of water, at the temperature of 
(jS°. This was covered up, and set in a warm 
place for thirty-six hours, at the expiration of which 
time, he found it in a state of fermentation, and 
quite sour. — A quart of warm water was added, and j 
suffered to stand for twelve hours more ; the clear ! 
liquor was then decanted off, which had a taste si- j 
milnr to diluted vinegar, and a smell not unlike that 
emitted from an old pickle jar. 

Twenty grains of prepared kali was then added 
to this liquor, which occasioned an effervescence si- 
milar to that observed in preparing saline draughts. 
When subsided, as it still continued sour, the like 
quantity was again added, which entirely destroyed 
the acidity; but to be convinced, by a chemical test, 
a paper was introduced dipped in tincture of turn- 
sol, which it no longer turned red. 

It w as now evaporated to the consistance of ho- 
ney, and put by for the night ; in the morning cry- 
stals of acetated kali were observed. 

From the result of these experiments, it may, 
with probability, be concluded, that, in making lea- 
vened bread, one ounce of vinegar is generated from 
a pound of flour during the fermentation of the little 
leaven ; but as this acid is not necessary, and indeed 
ought not to be present in good bread, it will be 
worth while to enquire by what means it might be 
destroyed, without impeding fermentation. 

To one pound of flour was added a sufficient 
quantity of warm water; this was suffered to fer- 
ment as the last (having ascertained the quantity of 
\ inegar generated in a pound of flour) forty grains of 
prepared kali were mixed with a little warm water j 
and abided to the leaven; on kneading it together I 
an instant increase of bulk wa* observable, during | 
w hich time , the carbonic acid gass, or the principles 
of yeast was extricated ; to prevent its escape, the 
dough was sprinkled with a little flour, and covered 
ii p with a cloth. 

Two hours after it was found to be amazingly in- 
creased in bulk, and much more porous than common 
leaven. Another pound of flour, and a quarter of 
an ounce of salt were added, and after standing two 
hours to prove, it was divided into two loaves, and 
put in the oven. 

On comparing it when baked with a loaf of lea- 
vened bread with the same quantity of flour in it, it 
appeared considerably larger ; and on cutting it the 
bread was much lighter and more spungy than com- 
mon leavened bread, without the least acidity. 

ro HAKE LEAVENED BREAD, BY THE HON. CAT- 
T.AIN COCHRANE. 

Take a piece of dough, of about a pound weight, 


and keen it for use, it will keep several days very 
w f el!. Mix the dough with some warm water, not 
very hot, and knead it with some flour to ferment 
andspunge; then take half a bushel of flour, and 
divide it into four parts ; mix a quantity of the fiour 
with the leaven, and a sufficient quantity of water to " 
make it into dough, and knead it well, Let this re- 
main in a corner of your trough, covered with flan- 
nel, until it ferment* and raises properly ; then dilute 
it with more water, and add another quart of the 
flour, and let it remain and rise. Do the same with 
the other two quarters ofthe flour, one quarter after 
another, taking particular care never to mix more 
flour till the last has risen properly. When finish- 
ed add six ounce* of salt, then knead it again, and 
divide it into eight loaves, making them broad, and 
not so thick and high as is usually done, by which 
means they w ill be better soaked. Let them remain 
on the board to rise, in order to overcome* the pres- 
sure of the hand in forming them ; then put them in 
the oven, and reserve a piece of dough for the next 
baking. The dough tbjus kept, may with proper 
care be prevented from spoiling, by mixing from 
time to time small quantities of fresh flour witli it. 

Sd. Of Carbonic bread. — The invention of beer, 
furnishes a new matter useful in making bread; this 
is the froth or yeast formed on the surface of these 
liquors during fermentation. When it is mixed with* 
the dough, it rises belter and more quickly than 
ordinary leaven, and by means of this the finest and* 
lightest bread is made. 

Bread well raised with yeast, and baked, differs* 
from the preceding kinds, not only in being less 
compact, lighter, and of a more agreeable taste, but . 
also in being more miscible in water, with which it 
does not form a vicous mass, which is of the great- 
est importance in the progress of digestion, as al- 
ready observed. ' 

There are several preparations of this kind of 
broad, made not only with wheat fiour, but also 
with barley, rye, oats, buck- wheat, maize, rice, 
beans, and potatoes, the principal preparations of 
which will be detailed in their proper orders. 

The common family way of making bread. — To 
half a bushel of flour add six ounces of salt, a pint 
of yeast, and six quarts of water, that has boiled; in 
warm weather, put the water in nearly cold, but in 
winter, let it be as warm as the hand can be endur- 
ed in it without causing pain. This is deemed a 
good proportion, and the mode of proceeding is as 
follows : — * 

Put the flour irtto a kneading trough, or bther 
vessel used for that purpose, and make*a hole in tlie 
middle of the flour, put the water into it ; to which, 
add the yeast and salt, stir them together, and mix: 
up the flour with it till the dough becomes of a very 
thick consistence. Cover the whole up warm to 
ferment and rise, particularly in cold weather; 
this is called setting the sponge and on a due raa- ' 
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nagement of this part of the business, depends the 
goodness of the bread. 

After letting it lie in this state an hour and a half, 
more or less according to the state of the weather, 
knead it well together, be not sparing of labour, and 
afterwards lay the whole thick at one end of* the 
kneading trough, and let it lie some time longer 
■covered up. During this part of the process, the 
oven must be heated; when that is effected, and 
properly cleansed from ashes, cinders, Sec. make the 
bread. into eight loaves, and place them in the oven 
as expeditiously as possible, observing to leave a 
little fire on one side of the mouth of the oven, to 
give light while setting, and also to prevent the 
external air from cooling it. Stop the oven up 
close, and draw the bread out when baked. The 
proof of its being well fermented and baked, will 
appear on nutting a slice in water; if it is good 
bivad ; it will dissolve entirely into a paste, in the 
course of a few hours, w ithout rendering the water 
turbid or mucilaginous. 

To make French bread. — Put a pint of milk into 
three quarts of water ; in winter let it be scalding 
hot, but m summer only milk warm. Then take a 
quarter of a pound of salt, and a pint and a half of 
.good ale yeast; stir it into the milk and water, and 
then with your hand break in a little more than a 

S uarter of a pound of butter ; work it well till it be 
issolved, then beat up two eggs in a bason, mid 
fttir them in. Take about a peck and a half of the 
finest wheaten flour, called Hertfordshire whites, 
and mix it with your liquors. In winter your dough 
must be pretty stiff, but more slack in summer, so 
that you may use a little more or less flour according 
to the stiffness of your dough, but mind to mix it 
well, and the less you work it the letter. You 
must stir the liquor into the flour as you do for pie- 
crust, and after your dough is made, cover it w ith a 
cloth, and let it lie to rise while the oven is heat- 
big. Make it up into bricks or loaves, and put 
them into the oven : when they have lain about a 
quarter of an hour turn them to the other side, and 
let them lie a quarter of an hour longer. When 
done, do not cover them up as bread usually is, but 
leave them on the board till they are cold, then 
chip them all round with a knife, which will be bet- 
ter than rasping, and make them look more spongy, 
and of a fine yellow colour*; whereas the rasping 
lakes off that fine yellow colour, and makes the 
bread look too smooth. 

TO MAKE BJIOWN WHEATEN BREAD, BY SIE 
JOHN CAT.L. 

Suppose a Winchester bushel of good wheat 
weighs fifty-nine pounds, let it l>e sent to the mill 
and ground entirely down, including tho bran, the 
meal will then weigh fifty-eight pounds, for not 
more than a pound will be lost in grinding; it 
must then l>e mixed up with water, yeast, and salt, 
an i the dough writhed before it i» put into the 


oven, which will appear to be eighty-eight pound*. 
Let it Ik? divided into eighteen loaves, put into the 
oven, and thoroughly baked ; after they are drawn 
out and left two hours to cool, they will weigh 
seventy-four pounds and a half. 

The bread thus made w ill be found excellent, and 
tit for any household use ; and was the broad bran 
taken out, of which there may be about five pounds 
in a bushel of wheat, thus manufactured, it would 
produce sixteen loaves and a quarter. 

TO MAKE BREAD W ITH ALL THE BRAN ADDED 
TO IT, B Y T. BERNARD, ESQ. 

Take seven pounds of bran and pollard, and four- 
teen quarts of water; boil the whole very gently 
over a slow fire. When the mixture begin* to 
swell and thicken, let it l>e frequently stirred, to pre- 
vent its burning to the bottom or sides of lire pan. 
With two hours boiling it will acquire the consi>. 
tence of a custard pudding ; then put it iutoa clean 
cloth, and twist it until the liquor is squeezed 
out ; with a quart of which mix three pints of 
yaast, and set the sponge for tw enty-eight pounds of 
(lour. The bran and pollard, w hich, when the li- 
quor has been squeezed out, is above four tiroes ih 
original weight, before it was boiled, is then to lie 
set near the fire, in order that it may be kept warm. 
In about two hours the sponge will be sufficiently 
risen, upon which the bran and pollard, (then luke- 
warm, but not hot, and into which is to be sprinkled 
about half a pound of salt ), should be mixed with 
Hour, and the w hole kneaded up very well together, 
with a quart of the bran liquor, and it should then 
be bakect for two hours and a quarter in a common 
oven. 

The produce weighed, when cold, will be half a* 
much again as the same quantity of flour would pro- 
duce in the common way, without the addition ot 
bran. Most of the objections to the use of bran in 
broad, appear to be founded on a presumption, that 
no mode of preparation will make any difference in 
the degree of nutriment to be derived from d* ha 
food. Though the subject is as yet but little uiider- 
fctood, yet we have gone far enough to ascertain luc 
fact, that in most hu.-ls of grain some increas e 
the ordinary nutritive power may be produo a 
culinary process ; the very making of bread affirm 
an example of this increase. In rice it is > er * 
great, and hi barley meal, particularly when 
in soup, its increased power of nutriment uia> 
extended to a surprising degree ; as it is 1 
well know n, that rice, w hen increased by water to a 
solid substance of five times its original weigh!? or 
by the addition of milk, to eight times what i 
originally weighed, is converted from a hard 
digestible grain, into a wholesome Lourm* 111 * 

food. <1 or 

To make pan bread. — Put a peck of fm c 
into a wooden howl that has been previously 
ed; let it stand before the fire for about an 
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then mix trp a sufficient ouantity of salt and yeast 
with warm water, and make up the bread at once. 
Cover it with a cloth and let it stand before the fire 
^/or about three hours ; then make it up into loaves, 
and put it into Earthenware pans, and set them in , 
a quick oven. When well soaked, and nearly done, 
the bread must be taken out of the pans, and set on 
tins for a few minutes that the crust may brown, 
they must then be taken out,and wrapped in flannel, 
and when cold rasped. 

Bread made in this manner, is much lighter than 
the common baker’s bread, and when cut, puts on 
the appearance of honey-comb. It is necessary to 
remark, that the dough must not be so stiff* as usual. 

TO MAKE BREAD THAT WILE NEVER BE BITTER, 
BY MR. JAMES STONE. 

It frequently happens, in the summer season, 
that the brewers, in order to prevent their beer from 
turning sour, are obliged to use more hops than usual : 
the consequence is, that the yeast is very bitter, and j 
gives a disagreeable flavour to the bread. To obvi- j 
ate this inconvenience, Mr. Stone has recommended \ 
the following method of raising a bushel of flour 
with only a tea-spoonful of yeast. 

If you want to bake a bushel of flour, put it into 
your kneading trough, then take about three quar- 
ters of a pint of warm water, and one tea-spoon full 
of Veast. Stir it, till it is thoroughly mixed with 
the water; then make a hole in tiie middle of the 
Hour, large enough to contain two gallons of water, j 
Pour in your small-quantity ; then take a stick, and ! 
stir in some of the flour, until It is as thick as you j 
would make for a batter pudding; then strew some ! 
of the dry flour over it, and let it stand for an hour. ! 
Then take a quart more of warm water and Dour j 
in, and with your stick stir in some more flour, J 
until it is as thick as at first ; then shake some 
more dry flour over it, and leave it for two hours 
longer, when you will find it rise and break through 
the dry flour again : you may then add three quarts 
or a gallon of water, and stir in as before directed, 
taking care to cover it with dry flour again, and in 
about three or four hours more, you may mix up 
your dough, ana cover it up warm. In four or five 
hours more, you may make it up into loaves, and 
put it into the oven, and your bread will be as light 
as if you had used a pint of yeast. 

It does not require above <t quarter of an hour 
longer than the usual method of baking, for there is no 
time lost but that of adding the water several times, 
and the bread is always good and never bitter. 

TO MAKE WHEAT II N BREAD, AS TRACT1SED BY 
THE BAKERS. 

Mr. fcdiin wishing to obtain every information on 
this subject, procured access to a bakehouse, and lias 
given u> the follow icg account. 

u At three o’clock they prepared to set the sponge, 
for which purpose, '.wo sacks ofhousehold flour were 
fare fully sifted through a brass wire sieve. The 
l 

' * 


following mixture was theft prepared. Two ounces 
of rockey which is a solution of nlum * was first put 
into a tin vessel with a little water, and dissolved 
over the fire, which bakers call liquor; this was 
poured into the seasoning tub, and nine pounds of 
salt was thrown in, over which they poured two ' 
pails fulbof hot liquor; when cooled to 84° ofFa- 
I renheit’s thermometer, six pints ofyeast were added ; 

! this composition was then stirred well together, 
strained through the seasoning sieve, and emptied 
into a hole made in the flour, when it was mixed up 
with it to the consistency of thick batter. Some 
flour was sprinkled over the top, when it wa^ cover- 
ed up, to keep in the heat. This operation is called 
setting quarter>ponge. 

In three hours, two pails full more of warm liquor 
were stirred in, and the mass covered up as before. 
This is termed setting half sponge. 

Five hours afterwards five more pails of warm li- 
quor were added, and when the whole was inti mate- 
, ly blended, it was kneaded for upwards of an hour, 
j The dough was then cut into pieces, and thrown 
over the sluice board, and penned to one side of the 
trougli ; some dry flour being sprinkled over, it was 
j left to prove, till about three o’clock in the morning* 
i when it was again kneaded for the space of half an 
| hour. The dough was taken out ol the trough, put 
| on the lid, and cut into pieces. It was then weigh- 
I ed, and four pounds fifteen ounces was allowed for 
eacli quartern loaf, the baker observing, that a loafof 
that size, loses from ten ounces and a half to eleven 
ounces, while in the oven. It was then worked up, 
and the separate masses were laid in a row till the 
whole were weighed, and, on counting them after- 
wards, he found they were equal to one hundred and 
sixty-three and a half quartern loaves; but this cir- 
cumstance is variable, as some flours kneaded better 
than others. 

It should have been mentioned that the fire was 
kindled at two o’clock, and continued burning till 
near four, when the oven was cleaused from dirt and 
ashes. 

The bread being put in, the oven was close stop- 
ped, till seven o’ clock, when it was opened, and tin* 
Dread withdrawn. 

TO MAKE ROLLS, AS PRACTISED By BAKERS, 

The flour was sifted ami mixed in the same mari- 
ner as was dune for the bread ; at half past six o’clock 
they were moulded up, ami a -lit was cu< along the 
top of each with a knife; they were then set in rows, 
on a tin, and placed in a proving oven to rise, till a 

quarter 


* This practice, though general, ought to be discarded, as it pro- 
duces obstinate cost i vet and the l.»te l)r. I.uke, in hi* treatise on, 
the diseases of th visenn, averts from his < wn knowledge, thnt, 
jalap U o.ten introduced to counteract the astringent qualit y of 
Outn. It it proper to add, tnat there is a very heavy penalty; acr 
this species of adulteration. * 
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quarter of an hour before eight o’clock, when they 
were drawn, and set in the oven, which was closed as 
before ; at eight o’clock they were taken out, and 
were slightly brushed over with a buttered brush, 
w hich gave the top crust a shining appearance, they 
were then covered up with flannel till wanted for 
sale. 

TO MAKE FRENCH ROLLS. 

Put a peck of flour into a kneading trough, and 
•sift it through a brass wire sieve, then nib in three 
quarters of a pound of butter, and, when it is inti- 
mately blended with the flour, mix lip with it two 
•quarts of warm milk, a quarter of a pound of salt, 
and a pint of yeast ; let these be mixed with the flour, 
a ml a suflicieut quantity of warm water to knead it 
into a dough : it must then stand two hours to prove, 
•when it may be moulded into rolls or bricks, which 
must be placed on tins and set for an hour in the pro- 
ven They must then be put into a brick oven for 
twenty minutes, and when drawn, rasped. 

TO MAKE HOUSEHOLD BREAD, AS PRACTISED 
BY THE BAKERS. 

Household bread undergoes the same prepara- 
tion a9 wheaten bread, with this difference, that, 
instead of being made w ith fine flour, it is made of 
an inferior sort, called seconds flour, and the loaves 
instead of being marked with a W, are marked with 
anil; and bakers neglecting this distinction are 
liable to be fined ; but like alt good laws, it is some 
times evaded, by mixing the two flours together, 
and making the mixture into white bread, w ich is 
coloured with chalk or whiting, that the fraud may 
®ot be detected. 

TO MAKE STANDARD WHEATEN BREAD. 

Send a quarter of wheat to the mill, and let it be 
so ground that the flour shall weigh three fourths of 
the wheat from whence it was made, without any 
mixture or addition ; then let it undergo the same 
reparation as that for wheaten bread, observing 
efore the loaves are put into the oven, to mark 
them with the letters S W. 

SUBSTITUTES FOR WHEATEN BREAD. 

Since wheat forms our principal support, it is not 
to be w r ondered, that from time to time attempts 
have been made to discover a substance that would 
altogether, er in part, supply its place; and we feel 
much pleasure in saying, that the enquiry has beei. j 
to far successful, that were the public to avail them- j 
. vel ves in times of scarcity, of the advantages of these 
•discoveries, it would very much contribute to lessen 
4lie consumption, and consequently the price of this 
ctaff of life. 

The subject of this enquiry is at this time more 
particularly important, owing to the excessive high, 
-and increasing price of \x beaten-flour ; and we most 
earnestly recommend to all, at least to avail them- 
selves of the advantages which these experiments, 
which we are about to lay before them may afford, 
and to such as have leisure for the farther prosecu- 


tion of a subject, to .the importance of which, eveij 
other pursuit seems trifling. 

The Board of A griculture, anxious to know wliat 
quantify of flour each of the following sort9 of grain 
wonld produce, caused a bushel of each sort to be 
purchased, and ground for their inspection, the re- 
sults of which are as stated in the following tables. 

One bushel of 


Grain. 

Weighed. 

Weight of Floor. Weight of Brai, 

Barley 

•Kill). • 

*Mb-lO£oz. 

51b. 10|oz. 

Buck Wheat 

4(>i 

88. .9 

5.. 5 

live 

54 

43. .0 

9. . 5' 

Maize 

53 

44. .0 

8..10| 

Bice 

61 } 

60. .0 


Oats 

3*} 

23. .5 

IS. .10! 

Beans 

5~k 

43. .5f 

12.. 0 

Pease 

6 H 

47. .0 

12.. 5 

Potatoes 

58 

8 . .0 j 




This estimate was made when the price of the 
several articles were as follows : — in tlte first column 
is the price of the grain, and in the second the price 
per pound of each kind of flour, the bran is general- 
ly considered as an equivalent for the grinding. 


Grain. 

Price per bushel J Floor per pound. 

Barley 

5s.. .6d. 

Os., .ljd. 

Buck Wheat 

6 ..0 

0 ..If 

Maize 

7 ..6 

0 ..2 

Rye 

6 ..6 

0 

Rice 

23 ..0 

0 ..4 

Oats 

4 ..0 

0 ..1 

Beans 

5 ..6 

0 ..if 

Peas- 

10 ..0 

0 . .Si 


Barley is employed as' a part of diet in roan* 
parts of this country. Next to wheat, it is the most 
profitable of the farinaceous grains, and when mix* 
t ed with a small preparation of that flour, makes a» 
| light, and as good bread as that grain, and infinite^ 
cheaper; but bread made of barley flour is not 
j spongy, and feels heavier in the hand than wheaten. 

But this is no proof that it is not equally nutria* 
; ous, as it is a well known fact, that thousands of the 
j healthiest and most robust peasants of this countn. 
! never taste any other bread than that prepared from 
| this grain. . 

j it is, necessary to remark, that in grinding bar r. 
to flour, .the French stones should l>e used w p r( jj 
ference to any other, as experience has ascertain? 
that they produce flour of a brighter colour, an 
preserv e what the bakers term, the life of the 
and they are of opinion, that barley ground 
these stones, raises the bread to the greatest hei ? 
it can possibly be brought to, 
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No chemical analysis has yet been made to ascer- 
tain the composition of barley flour, but we have 
every reason to believe, that it is either destitute of 
the glutinous substance of wheat, or possesses it in 
a very trifling degree. With respect to the starch, 
on which its nutricious properties principally de- 
peud, that consists of the most considerable part of 
the grain : and there can be no doubt, from the 
facility with which it is converted into malt, that the 
saccharine extract is more abundant than in wheat. 
Supposing this statement to be correct, whoever 
requires a light porous bread to be made from bar- 
ley, will find it necessary* either to add some of the 
glutinous substance of wheat, which may be obtain- 
ed at the starch manufactories ; or what is common- 
ly practised, a certain proportion of fine wheaten 
flour. Other substances are sometimes made up 
with barley into bread, but that bread must necessa- 
rily be heavy, unless it contains this peculiar gluten, 
without which, no light porous bread can be made. 
To remedy this defect, it is always best to set the 
sponge with wheat flour altogether, as barley flour 
does not ferment readily with yeast, and add the 
barley flour, w hen the dough is going to be made. 
Bread made in this w r ay requires to be kept a lon- 
time in the oven than wheaten bread, and the 
t should also be somewhat greater. 

TO MAKE BARLEY BREAD, BY SIR J. CALL. 

Take forty-four pounds of barley meal, and let it 
be kneaded up, into dough, with water, yeast, and 
salt, and divided into eight loaves; when thorough- 
ly baked, drawn out of the oven, and left two hours 
to cool, they will weigh about sixty pounds, 

This barley bread is very good, and is such as is 
oaten by many of the farmers in Devon and Corn- 
wall, by most of the labourers in husbandry, and 
hy almost all the miners, even when wheat was 
much more plentiful, and not above half the price 
it was during the season of scarcity. 

TO MAKE MIXED BREAD, BY DR. PENNINGTON. 

Take fourteen pounds of barley flour, and the 
same quantity of pulp of potatoes, which is pre- 
pared by pjhdng the potatoes, and then grating them 
down into an earthem vessel, and pouring w r ater 
- upon them. This must be poured off in about three 
Jiours, as it has a disagreeable earthy taste, and 
fresh water poured on, which, when changed, will 
be found nearly clear and insipid. The pulp must 
then be taken out and put in a sieve, that the water 
may drain from it, and when tolerably dry, it will 
be "fit to mix with the flour. Let it be kneaded 
up into a dough with warm water, and a sufficient 
quantity of yeast and salt, and after standing the 
usual time to prove, they will be found to weigh 
twenty-eight pounds. 

Another method of making mixed bread, is, to 
take two pecks of barley flour, and one peck of rice 
flour. Let these be kneaded up into a dough, and 
baked in the usual way, when they will be found to 


produce a very good and nourishing bread. 

TO MAKE MIXED BREAD, PROM THE REPORTS OF 
THE BOARD 09 AGRICULTURE. 

Take four bushels of wheat ground to one sort of 
flour, extracting only a very small quantity of the 
coarser sort of bran. Add three bushels and a half 
of barley flour, bolten through a twelve or fourteen 
shilling cloth ; then mix them up into a dough, in 
the usual manner, with salt, veast, and warm water, 

» and let it be divided into half peck loaves, and put 
into the oven, which must be made hotter than for 
j wheaten bread. Let them remain in three hours 
i and a half, when it will be found a very nourishing 
! good bread. 

Buck- wheat is so little used as an aliment in this 
country, that there is little opportunity of studying 
its effects ; but ,from all appearance, it has the com- 
mon quality of the other species of grains. A con- 
siderable quantity is annually grown in Norfolk ; 
but, it is principally consumed by swine and poul- 
try, both of which it fattens quick and well. Ip 
i France, particularly in Britany it is much used, 

| and is there accounted a very wholesome and nou- 
I rishing grain ; and when properly ground, makes 
an agreeable and nourishing bread. 

A peculiarity attends the management of this 
grain at the mill, which, if not attended to, the flow 
w ill not make a bread that is any way palatable. 
The following account of the mode of using and 
grinding buck-wheat, in Britany, was communicat- 
ed to the Board of Agriculture, by an intelligent 
emigrant from that province. In the first place, if 
the neat of the sun is not sufficiently powerful to 
cure it properly, it must be dried iu a kiln, and 
then as much is sent to the mill as is wanted for a 
fortnight, or three weeks at the farthest. The mil- 
ler is careful to grind, in the first instance, so as to 
separate the meal and the bran from the black, hard, 
and triangular husk, without grinding it down ; for 
this purpose, he places the stones in such a manner 
as only to press lightly, which, takes off the husk, a 
process termed running it through the mill-stones. 
The farinaceons part of the grain is tlien easily 
separated from the husk, by w innowing, This pro- 
cess being over, he proceeds with hi9 grinding and 
dressing, the same as with any other grain. 

TO MAKE BUCKWHEAT BREAD, FROM THE RE- 
PORTS OF THE BOARD OF AGRICULTURE. 

Take a gallon of water, set it over the fire, and 
when it boils, let a peck of the floor of buck- wheat 
be mixed with it by degrees, keep it constantly stir- 
red, so as to prevent any lumps from being formed, 
till a thick natter is made like that of Scotch or 
Yorkshire pottage. Some salt must be added, then 
1 set it over the fire, and allow it to boil an hour and 
a half. The proper proportion for a cake is then to 
be poured into an iron kettle that hangs over the 
fire, and baked, taking care to turn it frequently, lest 
it should bum. - - - • 

TO 
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TO MAX B MtXRH BIBAR Fiui TWR REPORTS OF 
THE BOARD OF AGRICULTURE. 

Take a peck of Ike float of buck-wheat, mix it, 
and boil it with water, as before described. While j 
this process is coins on* let a neck of wheat flour be | 
P* in a kneading trough, and rather more than the 
usual proportion of yeast mixed with it. When the 
batter is boiled enough, it should be taken off the 
and fire, when cooled to the decree of blood heat, 
should be poured into the trough, w ith the wbeaten 
flour and yeast ; the w hole should now' be well 
kneaded* and stand two hours to prove, when it is 
h> be divided into loaves, and baked, remembering . 
to keep it in the oven rather longer than wbeaten 
bread. 

Bread made in this manner can be safely recom- 
mended, a* certainly, at feast not le^ nutricious, i| 
and perhaps more p-datable when properly baked, 
than auv other; but to hate it light and gmxi, re- • 
quires some experience, otherw ise it will be com- 
pact and heavy. J 

R\e is a grain, whose cultivation is not much en- | 
counted in 'this kingdom, but, in the northern parts J 
of Europe it is much used, and considered as nou- j 
rishing tood. Bread made of this grain alone, is of 
, a dark colour, and sweetish taste, la some parts ! 
of this kingdom, a mixture of rye and w heat is I 
reckoned an excellent bread, and is esteemed more : 
^wholesome than that which is made from wheat ! 
alone, and aa it is well known to be a nutricious ‘ 
grain, its consumption cannot be too strongly re- j 
commended. 

TO HAKE HIKED BREAD. j 

Take a peck of wheat flour, and the same qr.an- ! 
tity ofrve flour: let these be kneaded together with j 
a sufficient quantity of yeast, salt, and warm water. I 
Jt should be covered up warm for two hours, to ter- 1 
meat, ami then divided into loaves, and baked in 
the usual way. ■ 

’ TO HAKE A GOOD HOUSEHOLD BREAD. FROH THE ' 

REPORTS OF THE BOARD OF AGRICt LTl RE. 

Suppose a bushel of ne to we»gh sixty pounds, I 
to that add fifteen pounds of rice. This when 
ground down, amt only the broad bran taken out, , 
which exceeds five pounds for that quantity. k 

is thus prepared for household 

Take fourteen pounds of this dour, a sufficient 
quant it \ of xea^t. sail, and warm water, and fet it 
be made up aui baked in the usual wav. and it w ill 
be found to produce twenty tw :* weig .t of 

bread, which is a surplus of three poun is and a b~lf 
in fourteen pound-, o\<ht what » e^uai’y cixx’uceii 
in the common process ot converting hou>eiK»lu 
wheat floor into brev.d. 

uvatie, ro direct cxrer ^uems have 
been made to a-ceTtsm its ceu renent puts: as it 
jKx^ssen but little sweetue^s ckvs k-rr.ant 
with yrust, so as to a Lu~ut hrva i: we may . 

OMciude, that U*,:Xr pr_ o 


pie, and the glutinous substance, which render 
wheat so susceptible of fermentation, or that it po9- 
sesses them in a very small degree ; at the same time 
| it affordfe an abundant quantity of starch of the best 
| quality, the imperfections of which may be easily cor* 
| rectedfby adding a proportion of wheat flour to 
when it may be fermented into a perfect bread. 

Kice is a hard grain with a coarse white husk, 
somewhat resembling barley, only whiter, and much 
harder. From the tedious and defective manners 
which it is cleaned from the husk, ti e Board ofdg- 
! riculture are of opinion that it might be obtained 
at a much lower price if imported w ith the husks on; 
for from the perfection of our machineiy, it might bo 
cleaned at a much less expense than by manual la- 
bour. 

| The art of making bread from rice, though much 
spoken of. seems to be very little known. When the 
rice is reduced to flour take as much of it as you 
think necessaiy and put into a kneading trough; it 
the same time heat some water in a saucepan, and 
having thrown into it a few handfuls of rice,let then 
1 boil together for some time; the quantity of rice 

* must be such as to render the water Reiy thick and 
glutinous. When this glutinous* matter is a little 

, cooled, it must be poured upon the rice flour, and 
. the whole well kneaded together, adding thereto! 
little salt, and a proper quantity of yeast The 
doughnut then be covered with warm cloths, and 
suffered to aand till it rises. During the fennenta* 

; tion, this paste, which, when kneaded, must bare 
such a proportion of flour as to render it prettyfinn, 

! becomes so soft and liquid, that it seems impossible it 
! should be formed into bread, and must be treated as 
j follows. 

i When the dough is rising, the oven must be beat* 
i ed, and w hen it is of a proper degTee of heat, take! 

* stew-pan of tin or copper, tinned, to which is fixed a 
| handle of sufficient length to reach to theeodofthe 
■ oven. A little water nui>t be put into this stew-pan> 

and then it is to be filled with the fermented paste, 

! and <x>\ ered a ith eabhaife leaves or a sheet of paper* 
When this is done, the Mew-pan is to be put into the 
oven, and pushed forward to the part where it is in- 
tended the bread sh^li be baked: h mustthenbft 
quickly turned upside down. The beat of the oven 
acts upon the pa-te in such a wav as to prevent it* 
spreading, and keeps it in the form the stew-pan ha> 

. given it. 

lu thi* manner pure rice bread may be made: it 
come» out of the o\ en of a fine \ el low colour, Ife 
|Vi-.rv * hi-; a h is % oiks of in it. It asagreea- 
eU to the ta^te a> to the und mav be usedldte 

w.:eat hrwd to eat or put in Lroth. 
ro PREPARE BREAD FROM RICE, BY THE HA T * 
EOT OF THE For.XDMNC HOSPITAL 

Bod a q rarter a jx-unu of nee toi it i> c l l?ltfi 
soft : then ml it cm the b^ck pan ofa sieve to dram. 

and when i! ;s cold, mix it w;*x three cuaroTS ot 

a 


Digitized by 


Google _ . 



57 


BAKING, 


a p6und of flour, a spoonful .of yeast, and a small 
table-spoonful of salt. Let it stand for three hours, 
then knead it up, and roll it in about an handful of 
flour, so as to make the outside dry enough to put in 
the oven. About an hour and quarter will bake it, 
and it will produce one pound fourteen ounces of 
good white bread, but it should not be cut till it is 
two days old. 

To make mixed breed. — Take half a peck of rice 
flour, undone peck of wheat seconds flour, mix 
them together, and knead the dough up with a suffi- 
cient quantity of salt, yeast, and warm water, then 
divide it into eight loaves and bake it. 

To make mixed bread. — Take a peck of rice, boil 
over night till it becomes soft, then put it in a pan, 
and by the morning it will be found to have swelled 
very much. A peck of notaoes, should now be boil- 
ed, skinned, and mashca into a fine pulp, and while 
hot, be well kneaded up with, the rice, and a peck of 
wheat flour; a sufficient quantity of yeast and salt 
should now be added, and the dough left in the 
kneading trough two hours to prove; it is then to be 
divided into loaves and baked in the usual way. 

To make oat bread. — Take a peck of oatmeal and 
an ounce of salt, stir them up into a stiff paste with 
warm water, roll it out into thin cakes, and bake 
them in an oven or over the embers. 

This kind of bread is much u«ed in Scotland, a- 
mong the low er order of people, who, from long cus- 
tom, prefer it to the best wneaten bread. In some 
cottages it undergoes the acetous fermentation, and 
is thereby rendered lighter and more easy of diges- 
tion ; but the generality of people merely soften their 
oatmeal with water, and bake it over the fire. 

TO MAKE MIXED BREAD, BY DR. R. P1ERS0.V. 

Take a peck of oatmeal, the same quantity of se- 
conds flour, and half a peck of boiled potatoes, skin- 
ned and mashed, let them be kneaded up into the 
dough, w ith a proper quantity of yeast, salt, and 
warm milk; it should then be made up into loaves, 
and put into the oven, w here it is to remain three 
hours. 

The bread thus prepared rises well in the oven, 
is of a light brow n colour, and by no means unplea- 
sant flavour: tasting so little of the oatmeal as to be 
taken, by thc^e who are unacquainted with its com- 
position, for barley or rye bread. It is sufficiently 
moist, and if put in a proper place, keeps well far a 
week. Bread made in this way is about eight- 
pence half-penny a peck cheaper then wheaten breatl ; 
which in large families, will, at the years end amount 
to a very considerable saving if it was substituted for 
it. 

To make mixed bread. — Take one peck of oatmeal, 
and the same quantity of rice flour, let these be knead- 
ed up with a sufficient quantity of warm milk, yeast, 
and salt, and after standing a proper time to prove, 
will be found a very palatable and wholesome oread. 

JJeans, when dry and husked, are readily broke 


down into a fine flour of the fame nature and proper 
ties as the npeal of other grains ; they have a sweeter 
taste, and afford, by proper treatment, a starch equal 
to that of wheat ; the flavour of bean flour is disa- 
greeable; but if steeped in water before it is used, 

| this unpleasant taste will then be hardly perceived. 

| To make bean bread. — Take a quarter of a peck 
! of bean flour, and a little salt, mix them up into a 
thick latter with water, then pour a sufficient quan- 
tity to make a cake into an iron kettle, and bake it 
| over the fire, taking care to turn it frequently lest it 
| should burn. 

TO MAKE MIXED BREAD, FROM THE REPORTS OF 
THE BOARD OF AGRICULTURE. 

i Send a bushel of good dry beans to thp mill, let 
the husks he taken oft*, and then grind the meal into 
a fine flour, which if good, will produce a- fti 11 bushel 
of this flonr. Let a peck he soaked for three days in 
a pan of w ater, changing the w ater every day to take 
oft its disagreeable flavour; then pour the water 
clear off*, and put the meal into a sieve to drain; 
i while this is drying, put a peck ofw. eat flour in the 
kneading trough, and mix it up with some salt and 
, yeast. After it has properly fermented, knead' the 
bean flour with it into a dough, and after it has stood 
a sufficient time to prove, let it be divided into 
! loaves and baked. 

To make pea bread. — Take a peck of the flour of 
peas, the like quantity of oatmeal, and two ounces 
of salt ; knead them up into a stiff paste, with warm 
water, let it b£ rolled out into thin cakes, and baked 
over the embers. 

To make mixed bread. — Take four pounds of pea % 
flour, steep it in water, as directed for beans, then 
knead it up with four pounds of potatoe flour, and 
double that quantity of seconds wheat flour, which 
has been previously fermented with yeast, and a 
proper quantity of gait, and let the dough stand to 
rise, when it must be divided into loaves, and 
1 baked. 

j To reduce potatoes to flour. — Put a bushel of 
j kidney potatoes into a large tub, and clean them 
from the dirt, afterwards scrape them clean with n 
brush, and let them be rasped into a pulp, on a 
bread* grater, into a hair sieve, that is placed over a 
broad deep pan. Let some water be poured occa- 
sionally, by one person, over the pulp, while ano- , 
ther stirs it with his hand ; the water in its passage*, . 
j Carnes the starch with it, which is deposited at the 
j bottom of the pan. After standing a night, the 
water is poured off, and the starch remaining be- 
hind is taken out and put into conical baskets like- 
those used for salt, covered with cap paper, and 
hung in a stove to dry by a gentle heat. It is then 
ground in a hand mill, and passed through a fine 
1 lawn sieve, when it will have the exact appearance 
of starch, be of a beautiful white colour, and is then 
i ready to make into bread. This powder, with the ’ 
i addition of a small quantity of gum tragacanth in. 

* Q powder, . 
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powder, is in universal request, as a light nourish- i 
i.ig fo k 1 for invalids, and. is sold in the shoos i » ier 
the name of Indian Arrow Root. A bushel of 
.potatoes that weighs sixty pounds, if they are mealy 
ought to produce, in this w ay, eight pounds of flour 
at least : and suppose an acre of goovl land, weli 
managed, would yield three hundred bushels, near 
a ton and a quarter of this iloar might be produced 
from it. 

To make potatoc bread. — Pare one peck of 
potatoes put them into a proper quantity of water, 
and boil them till they are reduced to a pulp, the.i 
beat them up fine in tiie w ater they are boiled in, and 
knead them with two pocKs of wheat flour, with a 
sufficient quantity of yeast and salt, into a dough : 
covm- it up, and adovv it to ferment for two hours or ’ 
upward.-, according* to the state of the weather ; thou t 
niuk it up into loaves and bake thorn. ! 

To make potatoc bread. — t ,’hoose the most meal v ! 
sort of potatoes, boil and skin them, take twelve ! 
pounds, break and strain them through a very rears** • 
Bievc of hair, so as to reduce the roots as neat I v j 
possible to flour. Mix it up well with twenty poun Is j 
ofwheaten flour; of this mixture make and set the 
dough exactly in the same manner, as if it were 
wholly W'heatefi. 

TO MAKE POTATOE BREAD, BY P. COLQUHOUN ESC’ 

Take three pounds of potatoes, put them into a 
skillet with cold water, liang it ata distance over the 
fire, so that they may not boil; then skin and mash* 
4hem, and whilst warm, bruise them with a spoon, 
put them jnto a dish before the fir° to evaporate the 
moisture, stirring them frequently, that no part may 
grow* hard; when dry, lake them up and rub them 
4LS one as possible between the hands, then add nine 
pounds ofwheaten flour, ami with a sufficient quanti- 
of yeast, and salt, knead it up as other dough. After 
laying a little while to prove, it should be made into 
taiall loaves and baked in a hot oven. 

To make acorn bread. — Take a quantity of acorns, 
fully ripe, deprive them oft.eir covers and boat them 
into a paste, let them lie in water a night, and then 
pr j ss it from them, which deprives the acorns entire- 
ly of their aslrirgoncy. Tkeu dry and powder the 
muss for use. VVJieii wanted, hr, cad it up into a 
dough with water, and roll it out into thin cake?, 
which are to bo b-ked over the embers. 

TO MAKE CIILSNUT BREAD, BY M. PARUENT1ER. 

fake a pock of horse cnesnuls, peel the skins oiV 
them, let them be bruised iiKo a paste, dilute the 
ma-swith water, which destroys their nstringeaev, 
and strain them through a sieve ; a milky liquor is 
thus separated, widen, on standing, deposits a fine 
white powder ; this on boi**g dried and ground into 
ilour, is found to be without smell or flavour. It is 
then made up, sometimes by itself, and not unfre- 
quemiy with an equal portion of wheat ilour, into 
i\ paste, with warm mil>. and a little salt, and when 
baked makes very gooduand palatable bread. 


TO MARE TURNIP BREAD, BT J. SANDS, TJtq. 

Boil the turnips till they become soft enough to 
mash, and pre*s the water well out of them ; then 
uix them with an equal weight of wheat meal and 
make the dough in the usual W'ay, taking care to let 
the loaves remain rather longer in the ovenilian ton 
w!v*at<*n bread. 

Sea biscuit is a sort of bread, much dried, to 
make it keep on long voyages. It was formed? 
inked twice, or oftener, aiui prepared six moutlu 
before the embarkation. 

Tne pr»>c*'ss of baking bisc*»it, for the British na- 
vy, is as follows; — m i ii is equally simple and iav- 
nous. The meal, and every oncer m tide bring -up- 
died with much err minty and M.nplicih, large 
lumps of dough, consi uing merely of floe* and iwtef 
mixed up together: and as t).** quantity ii so iiu* 
as to preclude the potability r f kneading it 
j jv hand, a man manages, or as :t is termed. rides ^ 
j machine, which is <\t!o*d a horse. This machine is 
i a iong roller, about fmr or live inches in (Hammer, 
and about seven or eight leel in length ; it has play 
I to a certain extension, by means of a staple in the 
wall, to which it is connect ed by means of a swivel 
i making its action like the machine, by w hick they 
i ut chad’ for horse*. The lump of dough being 
placed exactly in the centre of a raised platform, 
wuich is placed directly under the horse ; the man 
its upon the end of the machine, and literally ride* 
up and down throughout its whole circular direction 
till the dough is equally indented; awl this is re- 
I neated till t :.-e whole is sufficiently kneaded: at 
| which times, by the different posit foils of the line, 
j large or small circles are described, according ^ 

I they are near to, or distant from the centre ol motion 
j of the horse. 

i The dongh, in this state, is handed over to * 
second workman, who slices it with a prorii^iou* 

! knife, and it is then in a proper state for these b* 
kers, who attend the ovens; those are five in num- 
ber ; and their different department* are as well cal- 
* ciliated for expedition and correctness, as the niak- 
i ing of pins, or other mechanical employments. On 

t each side of a large table, when* tiie dough is M 
stands a workman : at a small table near the oven, 
stands another; a fourth stands bv the side ot the 
: oven, to receive the bread; and a fifth to supply the 
peel. By this arrangement, the oven is as regulars 
tilled: and the whole exercise performed in as ax- 
act time, as a military revolution. The man at the | 
further side of the large table, moulds the dou jj, 
Laving previously formed it into small piece*, till it 
! as the appearance of muffins, although thinner, w 
which he does two together, with each hand: aiuUs 
fast as he accomplishes this task, he delivers w 
w ork over to t ie man on the other side ol the ta de* 
who skimp- them with a docker, on both side- wit i 
a mark. As he rids himself of tins w ork, he thi ow> 

the biscuits on the smaller table, next the oven. 

when? 
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where stands the third workman, whose business is 
merely to separate the different nieces into two, and 
place them immediately under the hand of him who 
supplies the oven, whose work of throwing, or rather 
chucking the bread upon the peel, must J>e so exact, 
that if he looked round for a single moment, it is 
impossible he should perform it correctly. The 
fifth receives the biscuit on the peel, ai>d arranges it 
in the oven ; in which duty he is so very expert, j 
that though the different pieces are thrown at the 
rate of seventy in a minute, the peel is alw ays disen- 
gaged in time to receive them separately. 

As the oven stands open during the whole time of 
filling it, the biscuits first thrown in, w ould be first 
baked, were there not some counteraction to such 
an inconvenience. The remedy lies in the ingenuity 
of the man who forms the pieces of dough ; and who, 
by imperceptible degrees, proportionally diminishes 
their size, till the loss of that time, which is taken up I 
during the filling the oven, has no more effect to the | 
disadvantage of one of the biscuits, than to ano- j 
ther. | 

So much critical exactness, and neat activity occur ; 
in the exercise of this labour, that it is difficult to | 
decide whether the palm of excellence is due to the j 
moulder, the marker, the splitter, the chucker, or ! 
the depositor; all of them, like the wheels of a ma- 
chine, seeming to be actuated bv the same principle. 
The business is to deposit in the oven seventy biscuits 
in a minute; and this is accomplished with the 
regularity of a clock; the clack of the peel, during 
its motion, in the oven operating like the pendulum. 

The biscuits, thus baked, are kept in repositories, 
which recei ve warmth from being placed in drying 
lofts over the ovens, till they are sufficiently dry to be 
packed into bags, without danger of getting mouldy ; 
and when in such a state, they are then packed into 
bag* of a hundred weight each, and removed into 
storehouses, fin* immediate use. 

The number of bakehouses belonging to the 
victualling office, at Plymouth, are two, each of 
which contains four ovens, which are heated twenty 
times a day, anti in the course of that time bake a 
sufficient quantity of bread for 16, 000 men. 

The granaries are large, and well constructed. 
When the wheat is ground, tile dour is conveyed ( 
into the upper stories of the bakehouse; whence it 
descends through a trunk in each, immediately into 
the hands of tue workmen. 

The bakehouse belonging to the victualling office, 
at Depiford, consists of two divisions, and has twelve 1 
ovens, each of which bakes twelve shoots daily; the . 
quantity of flour used for each shoot, is two bushels, 
or 11 2 pounds, which baked, produce 102 pounds of 
biscuit. Ten pounds are regularly allowed on each J 
shoot, for shrinkages, &c. The allowance of biscuit ; 
in the navy is one pound for each man per day, so 1 
that one of the ovens at Deptford, furuisnes bread jj 
daily for 2,0 40 mpn. ! ! 


ON THE PREPARATION AND PRESERVATION Of 
YEAST. 

To make yeast from potatoes, by J. Kirby, Esq. 

Boil potatoes of the mealy sort, till they art? 
thoroughly soft, skin and mash them very smooth, 
ami put as much hot water on them, as will make a. 
mash of the consistency of common beer yea9t, bijt 
not thicker. Add to every pound of potatoes, two 
ounces of treacle, and when just warm, stir in for 
every pound of potatoes, two large spoonfuls of 
yeast. Keep it warm till it has done fermenting^ 
and in twenty-four hours it will be fit for use. A 
pound of potatoes will make near a quart of yeast, 
and will keep three months. This yeast has been 
found to answer the purpose so well, as not to be 
able to distinguish the bread made with it, from 
brewers yeast. 

TO MAKE YEAST, BY DR. LETSOM. 

Thicken two quarts of water, with four ounces ol 
fine flour, boil it for half an hour, then sweeten it 
with three ounces of brown sugar; when almost 
cold, pour it with four spoon-fulls of bakers yeast 
into an earthen jug. deep enough for the fermenta- 
tion to go on without running over ; place it for a 
day over the fire, then pour off the thin liquor front 
the top, shake the remainder, and close it up for 
use, first straining it through a sieve. To preserve 
it sweet, set it in a cool cellar, or hang it some 
depth m a well. Keep some of this to make the 
next quantity wanted. 

TO MAKE YEAST, AS PRACTISED AT EDINBURGH, 
BY THE HON. C APTAIN COCIIRaNE. 

Take two ounces of hops, boil them for an hour 
in two gallons of water, and while boiling hot, scald 
ten pounds of flour, and stir it very well into a 

[ Made ; do this about eleven o’clock in the forenoon, 
et it stand till six o’clock in the evening, then add 
about a quart of yeast, to forward the fermentation, 
and mix them well together. Next morning add as 
much snore flour and water sufficient to mak° it 
into a dough, and in the afternoon it will be fir /or 
setting sponge^and baking. Reserve always a piece 
of old dough to mix with the new batch, instead of 
yeast, which is ut^cessary, only the first time to 
hasten the process. 

THE METHOD OF MAKING YEAST, BY MR. C» I L- 
LIS1ME. A BAKER AT LEITH, WHO USES IT IN 
PREFERENCE TO DlsTII.LF.KS YEAST. 

Ill the riist place you must have a boiler, cooler, 
vats, and all the apparatus that would be necessary 
for a small brewery. Then take four bushels of the 
best malt, ground as for beer, and mash it in the 
same manner the brewers do, with sixty-two gallons 
of water, at the temperature of IS0 V ; let it be close 
covered up for two hours, then draw the liquor clear 
off' and pour on the same quantity of water upon 
the grains a second time, at nearly the boiling point; 
let this stand an hour, then draw it off, and mix it 
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in the coolers with the flirt worf, and when it is 
about blood warm, add four Etgli^h quarts of yeast, 
to p»*oduce the fermentation, ami after it has began 
to ferment the fir=t time, (the froth running over into 
a receiver for the purpose.) throw it bark again, and 
when it has fermented again. throw it back a second 
time, and it will after the third fermentation, be fit 
for us ', as will Ik* perceived by its being of the 
thickne-s that -rood yeast ought to be. Four bushels 
of malt, made in this way. produces about 
w y-fnir qua rts of yeast ; it is an expensive and 
troublesome way of procuring it, bat Mr. Gillispie 
finds, that a quart of it wil] go as far as a gallon of 
distillers yep>t. | 

DESCRIPTION or THE HAKE HOt'SE. | 

The bake house is a manufactory where bread is i 
made for sale. In order to render it convenient, it 
should be attached to the dwelling house, and have ! 
an inner door opening into the kitchen, and likewise t 
an outer door opening into n small yard, n winch I 
flu re ought to be a well or pump, am! also, a shod • 
for wiling away faggots. The i\»om sliould be large 
and commodious, and the floor laid with stones or 
tiles. On one side should he erected a dresser or 
counter, with suitable '•helves about it: on another a 
kn aiding trough, aixuit seven feet long, three feet [ 
high, tw o and a half broad at top, and sixteen inches j 
at the bottom, with a sluice board to pen the dough | 
up at one end. and a lid to shut down like that of a j 
box. On the third side a copper that w ill contain , 
from three to four pails of water sliould be erected, ! 
which is far preferable to the filthy custom of heat- ! 
ing the water in' the oven ; and on the fourth side ’ 
the oven should be placed. A bakehouse built upon J 
this plan will, perhaps, be as commodious as art can | 
render it ; but of late years, an alteration has been j 
made in the manner of fitting up the oven and I 
copper, tha; both may be heated with the same fire. | 

In order to comprehend the usefulness of this im- J 
provement, it will lie necessary to state that an oven, j 
built upon the old principle, is usually of an oval i 
shape ; the sides and bottom of brick, tiles, and 
line*, and arc'md over at top with a door in front ; 
and, at the upper part, an enclosed closet with an 
iron grating, for the tins to stand on, called the 
proving oven. To heat the-e ovens, the faggots are 
introduced and burnt to an ash : it is then removed, j 
ar. 1 the bottom cleaned o \t. This takes up a con- 1 
siderdde <p:ice of time, daring which period a great ! 
deal of heat e-e.:pos. A still further length of lime ; 
is !UT<S'iii*v tor p itting in the bread, and unless , 
m ich more fuel i> expended than is reallv nece-<-> rv, i 
in heating a: oven upon this principle, it gets chilled j 
lx* fere the loaves are \W set in, and the bread is, j 
therefore, liable to fail; a circumstance that una- 
voHubiv rend-rs it heavy. 

To remedy this inconvenience, many intelligent 
bakers have, within the-e few y*\irs pa^t, had their 
ovens brifi open a «<did ba-e of brick and lime, w ith 
' a door of iro n f.rniri.ed w itli 3 damper to c any otY 


the steam as it rises. On one side of it is placed* 
fire with a grating, ash-hole, and iron door, similar 
to that under a copper, with a partition to separate 
it from the oven, and open at one end. Over this 
is erected a middling-sized copper with a cock at the 
bottom, and on one side of it is placed the proving 
oven ; the whole being faced with brick and plaster, 
When this oven is required to be heated, the 
copper is filled with water, and the fire being 
kindled with coals, the flame runs round the oven, 
in a circular direction, and renders it as hot as ii 
heated with wood, w ithout occasioning the least dirt 
or ill smell ; and the smoke escapes through an 
aperture, which passes into the kitchen chimney. 
When the coal is burnt to a cinder, there is no ne- 
cessity to remove it, as it prevents the oven fiw 
cooling while the bread is setting in, and keeps up a 
regular heat till the door is closed. The advan- 
tages of an oven built upon this construction, are ?o 
considerable, independent of the great saving in 
fuel, that when its principles come to be general!) 
known amongst bakers, there is no doubt but that 
they will prefer it to those heated with wood. 

In great bakehouses, w here rolls and French bread 
are w anted every half hour, from eight o’clock in 
the morning till eleven, the peq>etual oven invented 
by Count It urn ford, will be found particularly ik- 
ful; more especially if they are called upon to bake 
meat, puddings, and pies, at different hours in the af- 
ternoon. At present, after they are done, they arc 
obliged to keep them warm in the proving oven; but 
the crust alw ays becomes heavy, and the meat sod* 
dened : but in one of these perpetual ovens, they 
might have such things baked, at the time their cuv 
tomers required them, without putting themsekedo 
any material inconvenience, and besides, there 
would he this farther advantage attending the bak- 
ing, that the effluvia arising from the different sorts 
of meal would never be mixed, and occasion an ill 
taste, as it now does in the great ovens. The follow- 
ing is the description given of it by the Count, with 
the manner of using it. 

| In the centre of a circular, or, rather, a cylindrical 
j mass of brick work, about ei^ht feet in diameter, 
j which occupies the middle or a large room on the 
j ground floor, I constructed a small, circular, closed 
! fiie place, for burning either wood, coals, turf. or 
! peat. The diameter of the fire place is about eleven 
1 indies: the grate being placed about ten inches 
above the floor, and the top of the fire place contract- 
ed to about four inches. Immediately above tb.'j 
1 narrow throat six separate canals (each furnish^ 

1 w ith a damper, by means of which its opening can 
j be cont meted more or less, or entirely closed). ? 0 
off horizontally, bv which the flame is conducted in- 
to six separate sets of flues, under six iar^e plates ol 
ca^t iron, w hich formed the bottom of six ovens on 
the same lewd, and joining each other by their ?iuej, 
which are concealed in the cylindrical mass ol bricK 

work. Each of these plates of cast iron, being w 
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the form of an equilateral triangle, they all unite in 
the centre of the cylindrical mass of brick work ; con- 
sequently the two sides of eacl^ unite in a point at 
the bottom of it, forming an angle of sixty degrees. 
The flame, after circulating under the bottoms of 
these ovens, rises up in two canals, concealed in the 
front wall of each oven, and situated on the right 
and left of its mouth; and after circulating again in 
similar flues, on the upper flat surface of another 
triangular plate of cast iron, which forms the top of 
the oven, goes off upwards, by a canal furnished with 
a damper, into a hollow place, situated on the top 
of the cylindrical mass of brick- work, from which it 
passes oft* in an horizontal iron tube, about seven 
inches in diameter, suspended near the ceiling, into 
a chimney, situated on one side of tlie room. The*o 
six ovens, which are contiguous to each other in this 
mass of brick- work, are united by their sides, by 
walls made of tiles, about an .inch and a half thick, 
and ten inches square, placed edgwise, and each 
oven having its separate canal, furnished with a 
register, communicating with the fire place. Any 
one, or more of them, may be heated at the same 
time without heating the others, or the heat may be 
turned off from one of them to another, in continual 
succession, and by managing matters properly, the 
process of baking may bo uninterrupted. As soon 
as the meat pies, or puddings are drawn out of one 
oven, the lire may be immediately turned under it, 
to heat it again, while that from under which the 
lire is taken, is filled w ith other dishes and closed 

tip. 

A detail of the utensils in use, in a bakehouse, 
may appear uninteresting: and some of our readers 
may think it perfectly unnecessary ; but those bakers 
who are solicitous to have good bread, would deem 
the subject incomplete, without noticing them. The 
following arc the most useful and indispensible 
requisites. 

The seasoning tuh . — This is of the c| and shape 
of the common wash tub, and is intended for mixing 
the yeast, salt, and water togethe r, before the sponge 
is set. 

The s easoning sieve . — This is a common sized hair 
sieve, a id is u.-rd for straining the mixture through, 
that is prepared for setting the sponge. 

The canning pot . — This is a large copper pot, 
lined with tin, capable of holding two pails full of 
water. Jt is filled and set in the oven to warm, 
before the baker sets his sponge. These are not in 
universal use, as some people use earthern ones; 
but tliis mode of warming the water, however ob- 
jectionable, is daily practised by the most respecta- 
ble bakers in the metropolis. 

The hrass-zeire sieve . — This is a large round sieve 
covered w ith a sheet of very fine wove, brass- wire; 
its use is rot only to sift the flour before it is knead 
t*d, but al e to detect any lumps, or other impurities 
that may be contained in it* 
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The petit. 

The bowl . 

The spade. 

These arc requisite for a variety of purposes, and 
are of the same kind as are in common use. 

The salt-bin. — This is a bin with a lid to it, simi* 
lar to a corn-bin. It should hold two sacks of spit,, 
and is usually placed near the oven. 

The yeast-tub. — This is a common six-gallon casl^, 
with a large bung-hole, and cover, and is used for 
preserving the yeast. 

The dough-knife. — This is usually of the size of a 
large carver, with a round point and blunt, like a 
painters pallet knife. Its use Ls to cut the dough, 
when the baker is kneading it, before he throws it 
over the sluice board, it is also used when the 
bread is weighed, to divide the different portions 
before they are put in the scales. 

Seales and weights . 

The scraper. — This is a small scraper, like a gar- 
den hoe, fixed in a short wooden handle. Its use is 
to scrape the sides and bottom of the trough, to pre- 
vent the dough from adhering and drying there. 

Marks. — These are four large tin letters, fixed in 
a wooden handle. One is marked W. another II. a 
third S. W. and the fourth M. ; aiul every loaf, whea— 
thcr wheaten, household, standard wheaten, or mix- 
ed bread, is obliged in conformity to act of parlia- 
ment, to be marked with one of those instruments, 
before it is put into the oven. 

The roakcr. This is a long piece of iron, in shape 
somewhat resembling the letter L, fixed in a wood— * 
en handle. — Its use is to draw out the ashes from all 
parts of the oven to the mouth. 

The hoe. — This is a piece of iron, sim ilar to a gar- 
den iioe, fixed in a handle, partly wood, and partly 
iron. I*s use is to scrape up such dust and loose. 

| ashe«*as escaped the rooker. 

; The swabber.- — This is a common polo, about eight 

feet long, with a quantity of wet netting fastened to 
! the end. Its use is to clean out the bottom of the 
oven, after the ashes have been removed, previous to 
setting in the bread. 

Pet fes.—' There are usually four pceles kept in a 
bakehouse, viz. the quartern peele, to set in the 
quartern loaves: the half quartern peele, for the 
half quartern loaves; the drawing peele, for draw- 
ing out the bread; and the peele ior placing and 
removing the tins. The quartern peeie is a pole 
about eight feet long, with a wooden blide: about a 
loot wide and sixteen inches Jon?*, fixed at the end 
w ith strong screws. The half quartern peele is of 
the same kind; about half the length, a?ul much 
smaller. The drawing peele is a .strong pole, ten 
feet long, with a blade, thicker, broader, 'and longer 
than the others; the peele for setting in the tins, has- 
a strong blade of iron, instead of wood, which is 
fixed with screws into the handle. 

Tins. — These arc iron plates of different sizes. 
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The most ndtial are about an eighth of an inch thick, 
two feet wide, and three feet long. The rolls, pies, 
and puddings are put unon these tins and then the 
baker runs the blade of the peel under each of them, 
and places them into any part of the oven, with the 
utmost facility. 

FUnncls .— These are squares of coarse flannel, 


I and are used for ooveriAg up the bread, and re&af. 
ter they are taken out of the oven. 

The rasp.— This is a large, coarse, broad, flat, 
steel file, with a wooden handle that runs over the 
back 1 . 1 Its use is for rasping the burnt crust off tie 
! bread, and a finely one is kept to rasp the Freud 
ii rolls. 
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BASKET-MAKING, 


. Tjie ancient Britons have been celebrated for 
their skill in the manufacture of baskets, from the 
time of the Romans ; and so much were the baskets 
Of this country valued by that people, that immense 

a 4 uantities of them were exported to Rome, where 
ley were held in great estimation, and bore so high 
u price, that they are mentioned by Juvenal, 'among 
the extravagant and expensive furniture of the Ro- 
dman tables, of bis time. 

A (Lie ct bascaudas ct mille esc stria. 

Add baskets, and a thousand other dishes. 

That these baskets were manufactured in Britain, 
we learn from the following epigram of Partial : 
Barbara de pictis vent bnsiatida Brilanni s, 

Sed me jam mavult dicere Roma suam. 

A basket, I, by painted Briton's wrought, 

% And now to Rome’s imperial city brought. 

Baskets are made either of rushes, splinters, or 
willows, which last are, according to their growth, 
called osiers, and sallows. 

Osiers for white work are deprived of their bark, 
by means of an instrument called the bnikes. This 
instrument has two round legs, proceeding out of, 
and kept asunder by a spring similar to the sheep 
shears ; from the back or this spring projects a point 
or spill, serving to attach the tool to a stake. The 
osier being placed between the prongs or legs of the 
brakes is drawn through with tne right hand, whilst 
the left hand clasping the ends of the round legs, 
presses the osier, and thereby bruises and strips the 
akin. They arc afterwards completely cleaned by 
a common knife. 

This operation is generally performed by women 
und children, who, as soon as the osiers are stripped, 
expose them to the sun and air, in order to dry 
them ; they are then housed and kept carefully from 
moisture, which, if attended to, will preserve them 
for nmnv years. 

The same precaution is necessary for preserving 
'-#*iers with their bark on, damp being equally in- 


jurious to them. Wtetf these osiers are intemM 
to be used, they are soaked in water a few daji 
according to their age and dryness. Osiers depriv- 
ed of their bark, are assorted by the basket-malar 
into large and small rods, according to the work for 
w hich they are intended, the large ones serving 
form the slat aud skeleton of the basket, ani the 
smaller ones for weaving the l>ottom and sides. 
I or common work, such as clothes baskets, market 
baskets, &c. the rod is used w hole, but for the finer 
work, as table mats, fruit and work bankets, and 
such like, the osier i 9 divided into splits and skain^ 
which words denote the -different degrees of fine- 
ness, to which the rods are reduced. The split* 
are osiers divided into four parts, by means of a 
tool, called the cleaver, which is made by turning! 
piece of box wood to a cane, two inches long, and 
one and a half inches diameter at its base, this u 
notched in a direction from the base to the point, 
leaving between the notches four leaves or edge?, 
projecting from the core or centre, so that a section, 
the short, or transverse way at any part from the 
lar^c to the small end, would resemble crosses of 
different sizes, till it terminated in the point. Ti 
use it, the osier is cleft across at the large end, 
directly through the centre or pith, the point of the 
cleaver 19 then introduced, each leaf or edge of 
which falls into the cross cleft, made with the Knife# 
and being forced on with the hand from the large 
to the small end of the osier, divides it into foaj 
equal parts, called splits. These are again nay^d 
through another tool, called the shave, which 
many respects similar to the common spoke-shave; 
but, as it is intended to be held in the left lif* 
whilst the split is drawn thraugh with the right, 
is fitted in a square instead of a long handle. | n 
setting the iron, which is done by means of 
screws, one end of it is kept at a greater distance 
from the stock than the other; the small end of j * 
split being introduced between the iron and 
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gfxxsk, at that end of the Made which is most distant j 
from the stock, taking care to keep the outside or 
grain of the sptjt next the wood, whilst the pith is 
presented to the iron, in thw way it is drawn 
through, forcing it as it advances towards <h'it end 
x>f the blade which is set finest, by which means it 
is reduced to any degree of thinness required ; but 
as it still remains of very unequal width, it is passed j 
through another tool called the upright. j 

This tool is made of a flat piece of thin steel, j 
sharpened at each end with cutting edges, in the I 
manner of a common chissel, the steel having been ! 
previously bent round so as to bring the ends to ap- 

S roach each other ; in which situation they are kept 
v means of two screws, which act against the out- 
side of the tool, and serve to set the tool, to cut 
narrower or wider, as the nature of the work re- 

S uires. The w hole is fixed to a wooden stock, of 
tie same size as the shave, and when used, is held 
in the left hand, the fore-finger of which keeps the 
split flat on the stock, and presents it properly to 
the cutting edges of the tool, whilst it is drawn 
through by the right hand, 

This operation reduces the splits to skains of 
parallel width and thickness. These are sometimes 
dyed of difterent colours, and when judiciously in- 
troduced in weaving the basket, produce a happy 
effect. 

The following is a list of tools used by basket- 
makers not already described. 

Knives ofdiffonnt sizes for cutting (he osiers, See. 
Bodkins , for boring. 

Leads, for keeping the basket steady w hilst mak- 
ing, and which is only used for small light work. 

The beater , a piece of iron of about nine inches 
long, shaped like the common cleaver, but w ithout 
a cutting edge, its use is to beat the work close’ to- 
gether, as the basket proceeds. 

The method of making a basket of the common j 
kind, is as follows ; the workman having cut off the j 
large ends ef as«many osiers as he deems necessary, j 
and of a length somewhat more than the width of j 
the bottom, lays them on the floor in pail's, at a , 
little distance from each other, all ranging the same I 
way; he then places on them two of the loifgest j 
osiers with their large ends towards him, crossing j 
tlie direction of the former; on the large ends of the 
two long osiers, he places his foot, weaving each alter- 
nately under and over the pairs of short ends, which j 
confines them in their place, and forms, what is 1 
called the slat or slate, which is the foundation of j 
the basket. The workman next takes the long end j 
of one of the two rods, and proceeds to w’eave it I 
under and over the pairs of short ends, all round 
the bottom, until lie has wove in the whole of it, 
this is likewise done with the remaining osier, and 
after this is exhausted, other long osiers are wove 
in, until the bottom is of a sufficient size for the in- j 
tended basket. 


' Proceed to sharpen die large ends of as man£~ 
long and stout osiers as may be necessity to former 
the ribs, or skeleton of the basket, the sharpened 
ends are planted or forced between (he rods of the 
bottom, from the edge towards the centre, and are 
turned up in the direction of the sides ; and theft 
other rods are wove in and out, between each of 
those, until the basket is raised to the intended 
height. To finish the edge or brim of the basket, 
the ends of the ribs which are now standing up per- 
pendicularly, are turned down over each other m a. 
manner more easily seen by inspecting a basket than 
described. 

There remains only to add the handle ; this is 
done by planting, or forcing down close to each 
other between the weaving of the sides, two or three 
osiers sharpened and cut to a proper length ; when 
in their place, a hole is made through them about 
two inches from the brim, into which a pin is put to 
prevent their being drawn out, they are then cover- 
ed or spliced together with skains sometimes of 
various colours, forming different kinds of platting 
on the handle. 

Expert workmen produce a great variety of fancy 
baskets, by varying the kinds and colours of the 
skains, and rods they use, as well as by various 
difterent modes of w orking or weaving them, for the 
modes of colouring which, directions will be given 
in the second part of this work, 

The following particulars relative to the propaga- 
tion and culture of osiers, are copied from the 
u Transact ions of (he Society for the Encouragement 
of Arts <$c.” to which they were communicated by 
Mr. John Phillips, of Ely, who received the sil- 
ver modal. — u Since I ha(( the honour of addressing 
the Society, I have made many experiments on diff- 
erent soils, with the view of ascertaining which are 
most appropriate to osier plantations; and which of 
the almost infinite variety of osiers, are best adapted 
to the different soils, but as my plantations are 
chiefly in the Fens, 1 have directed my attention 
more particularly to determine what species of osiers 
are most profitable in a black peat 6oil, which is the 
most advantageous way of planting them, and at 
what season of the year. It would have been of much 
public utility, if the basket makers hadgivena spe- 
cific description of the kind of osiers, the planting of 
which they wish to be encouraged by premiums. 
The planters who intended becoming candidates for 
the reward or honours of the society, would in that 
case have procured those only ; much expense would 
have been saved by other gentlemen as well as my- 
self, u:ul a very considerable addition would have 
been made in our plantations, to the stock of the best 
osiers which are imported from abroad. As we have 
no generic or specific terms, I will endeavour (ogive 
a plain vulgar account of those only which are selected 
by the most experienced planters in this neighbour- 
hood. Osier, ui common parlance, is a word ofveiy 

indeterminate 
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Indeterminate signification; it is eertainlj a species 
. of the Salix, but admitting of many varieties. I ha ve 
endeavoured to reduce them to two classes; first, 
those which are so allied by the growers and basket 
makers, distinguishable by their more blunt, mealy, 
or downy leaf ; and secondly, those that have a leaf 
more pointed, smooth, and green, resembling that of 
a myrtle. Of the first class I have nine or ten vari- 
eties, all of wdnch I shall eradicate, save one, viz. 
that which is called the grey or brindled osier. It 
has, in common with the others, the light coloured 
leaf, but known by having its bark streaked with red, 
or blood colour. It has not been long introduced in- 
to this country. It grows vigorously, is very hardy 
and tough, and bleaches well. All the others of the 
first class, delight in a wet soil, and will flourish 
even in the most barren kind of peat; but they are 
coarse and spongy, have a large pith, are brittle, and 
very perishable; they are, however, sometimes used 
for the stouter parts oflarge baskets, and, unpeeled, 
for wine hampers. They grow quick and large, and 
a small number will fill the ell hunch, by which all 
osiers are sold ; they are profitable to those growers 
only who live near London, or whose plantations are 
contiguous to water carriage. I have some acres of 
them; and were 1 to send them there by waggon 
which is our only mode of conveyance, they would 
not pay for the carriage. In time of war, when our 
intercourse with France and Holland has been inter- 
rupted, where they gl ow better sorts, they have been 
much resorted to, which has brought our baskets into 
disrepute, and lessened the demand for them in fo- 
reign markets; this, together with the advanced 
price of insurance, accounts for the fact, that war 
makes osiers in this kingdom both dear and cheap ; 
•that is, dear at the commencement for w ant of impor- 
tation and cheap during its progress, for want of ex- 
portation, after having been manufactured into baskets 
and other works to which they are applied. Of (he 
second class are, first, th eWelch, both red and white ; 
the red having the preference, and said to have been 
brought originally from Wales, they form an almost 
essential part of every plantation, as no other is fit to 
tie the bunches after the rods have been peeled and 
whitened. A bunch is formed by compressing the 
osiers in an iron hoop or band, of an ell in circum- 
ference; eighty bunches make a load, which four 
veais back sold at £ IS. it is not now w orth £12. 
The best land will produce a load on an acre, but 
half a load is not a very bad crop on bad land. The 
expense of weeding, renew ing, cutting, ami peeling, 
is about £j. per acre, when the business is well done; 
but they ofan go unweeded, w hen they arc sold at a 
low price, to the great decay of the plantations. The 
Welch are also used to tie ree d sheaves for thatch ; 
they are so bitter, that cattle will not browse them, 
unless driven to the extremity of hunger, and rats 
11 not touch them, although they will destroy 


grown for the coopers, to bind their hoops; but, for 
this use they have long given way to the nazel; they 
are very tough and durable, and would rank with 
the best sorts for the use of basket-makers, were 
they of a belter colour when peeled. 

2d. The West country Spaniard . — It is suppose! 
to have been first introduced into the west of Eng* 
land, from Spain. It is very different from the 
Spaniard, which is a species of the large willow, 
and used for hedging- wood and hurdles, In the 
Isle of Fly, it was long in high estimation, until 
others w’^re introduced, supposed to be superior in 
some of their qualities ; the bark is of a blueish 
grey colour, it grows stout and stately, and object! 
to no soil ; the grower, however, urges against i\ 
what he thinks, to be a strong objection, viz. — that 
it produces a small crop. It bares comparatively 
only a few shoots on a head ; this is certainly true; 
but what then r — then it is not so profitable. 1 admit 
it, provided only an equal number to be planted on 
an acre w ith those that hear more shoots; but why 
should the grower tie himself to plant an equal num- 
ber of different sorts on a given quantity of land* 
The nursery man is governed by no such rule; and 
the farmer would become an object of pity, were he 
to sow an equal quantity of every sort ofgramonan 
acre. The Society is bound to draw sonic line t# 
prevent fraud, but the planter and farmer would be 
guided only by the burthen w hich the land is capa- 
ble of bearing. My experience teaches, that an 
acre ofland will carry of this sort, 14,000 plants 
with more ease than 12,000 of the best new kind. 

3d. I have not been able to learn where the run 
kind originated. It is well know r n every where: 
and although it must l>c much older in some coun- 
ties titan others, it is universally called by that name. 
There are, however, tw o sorts ; the other is called 
the last, or best new kind. The bark of the former 
is of a light brown colour; that of the latter resem- 
bles rusty iron, with light longitudinal stripes: iti* 
on that account called, by some j>ersons, the Corduroy 
When the new kind was first introduced intoU 
Isle of Fly, it soon expelled most of those of the fie* 
class; the few that are retained are used by the ov- 
ermen to make grigs, or twig tunnels, to catch ee* 
and other fish ; it still maintains considerable rep^ 
tation, but yields to the last new kind, which, 
sides possessing most of the best properties, produce- 
on an average, at least four shoots on the head nio 
than any other, and it will grow’ well in a dry^ 
low soil. As its shoots are more numerous, a grea 
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almost every kind of bandage. They were formerly 


er space should be attached to it, to draw n 01 * 1 ^. 
men! from the earth, and to admit the rays^o ^ 
sun and circulation of air, so necessary to the g** 0 • 
of everv plant : 11,000 an acre is quite sufncij 11 
good land. Rut the best of all, considere 1 
public or political view, is / 

4th, The French. Under this name the ? . t 
setter is frequently sold; and I aiu infoiiucu ^ 
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was so called from its tendency, when neglected, to 
direct its shoots amongst grass and weeds, parallel 
with, and near the ground. It is of the same quali- 
ty, colour, and appearance, with the French, except 
that it has, at the point, a tuft formed of leaves curled 
inwards, which has the appearance of a small wither- 
ed rose-bud. You will easily know both from all 
others, thus : draw them through your list from the 
top to the bottom, and the' leaves will snap off with 
the brittleness of glass. The ground-setter grows 
very slowly, and is rejected by the planters on that 
account. The French, although more luxuriant, is 
also comparatively of slow grow th, and it requires a 
great number to make up the bunch ; but it is ex- 
ceedingly taper, pliant, close grained, tough, and 
durable. The basket-makers are more desirous of it 
than any other, as it is best suited to make the smal- 
ler and finer baskets, hats, fans, and other delicate 
articles. As it is much disregarded by the planters 
in this kingdom, the basket- makers, in times of 
peace, import vast quantities from France, the Aus- 
trian Netherlands (lielgium), and Holland, where it 
is cultivated with great success. It is singular that 
it should be imported cheaper than our planters can 
atiord to grow it ; the lands in France and Holland 
are much dearer than our fens. As an article of 
commerce, it deserves every encouragement that the 
public or individuals can give it ; and if it be not so 
profitable to the grower, it is always of ready sale. 

I have heard of another sort, which is well gpoken 
of, called the Red Kept IVillow ; but 1 am doubtful 
whether I am possessed of it or not. We have in 
this neighbourhood a very hard, tough willow, of a 
reddish colour, of which hurdles, cribs, &c. are ge- 
nerally made. 1 planted it last year, in footsets, for 
the use of basket-makers ; but as the experiment is 
now only in process, 1 can say nothing of its utility. 
I hope that those who shall hereafter become candi- 
dates for premiums, will give a description of the 
sorts planted by them; and of aH the others that are 
most esteemed in their neighbourhood, perhaps some 
of your correspondents, who may not be candidates, 
will favour the public with their knowledge on the 
subject. 

As to the most advantageous way of planting, 
there is some difference of opinion. The different 
qualities and situations of soils are not always at- 
tended to ; we are often deceived by a single expe- 
riment ; what may hit, or fail, one year, may be the 
reverse the next; it requires a diversified series of 
experiments to enable us to form a right judgement. 
My plantations of the year 1794, made on banks of 
soil thrown out of ditches on each side, and those 
made on the level ground, flourished equally well 
that year. It was difficult to judge of them the next 
year, for they had been more or less injured by the 
vast inundation of all the fens of the Isle of Ely, and 
which was not removed in many places until late in 
the summer ; but io the third year the advantage 
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| was manifestly m favour of those which had bee* 
made on banks, or elevated beds. 

We 4 have in this district from ten to fourteen 
inches of vegetating soil on the surface ; immediately 
beneath it, is a black or brow.) barren peat, of a loose 
texture. In the drought of summer, when the moist-- 
ure is exhaled from the upper and more tenacious 
soil, the water instantly filters- thro ugh the peat, and 
leaves the plants destitute of their liest nourishment ; 

I but when the peat is thrown upon the solid earth, it 
! will prevent the rays of the sun from penetrating to 

• the bottom; and when the water falls in the ditches, 
the lower and more tenacious soil, will retain a suf- 

! ficient quantity of it for the use of the plants, 
j Care should be taken to insert the sets through the 
| peat into this lower stratum. They will strike their 
, radicles the first year into this more solid earth; but 
! when the peat has been meliorated by the sun and 
! air, and been compressed, and become mere adhe- 
j sive, they w ill strike higher in the stem, until the 
i radicles or fibres approach the surface. It must be 
| admitted that this is an expensive method, and les- 
I sens the quantity of land to lie planted upon. To 
remedy this inconvenience, I lay out my land in 
beds or barrows, of eighteen feet wide; ditches, of 
nine feet wide, are dug on each side, the top of 
which, fourteen inches thick, is laid on the barrows; 
turf for fuel is then dug in the ditches, the expence 
of which is about Is. &L a thousand ; they are sold 
for 2s. Gd. 

The beds or barrows, now consisting of about twe 
feet and a half thick of solid earth, above the surface 
of the peat, are planted the following autumn, and 
produce good crops. When the water is sufficiently 
i low, I cast upon these beds a fetid vegetable sub- 
I stance, vulgarly called bear’s muck; it resemble* 

I wet shag tobacco, and lies under the peat; it is ex- 
! treinely useful to the plants; and although it is, ill 
j its primitive state, a perfect caput mortuum , when 
| exposed sometime to the air, it putrifies, affords mu- 
cillage, and becomes a good manure. * In embanked 
| districts, subject to frequent and long inundations, 
two other advantages are obtained from these raised 
i beds ; the osiers are thereby removed farther from 
the reach of the ice, which on a thaw floats into the 
i lower plantations, and does them much injury, 

I When the waters are high, in the cutting or plant- 

• ing season, the beds are more accessible than the 
1 level ground; but having had the command of the 
j water last summer, by a mill or engine, I dug out 

the peat into turf, having first laid aside the upper 
j spit ; the turf being removed, I shall return this spit 
( into the ditch, ana plant upon it; thus no ground 
i will be lost. ; 

I In the year 1796 I made an experiment on an 
acre of land of this quality. I ploughed one half of 
it, and the other half was dug with the spade, about 
fourteen inches deep ; the sod of that thickness was 
inverted by the spade. The plantation on the 
S ploughed 
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ploughed land was very treat, and failed in many [ 
laces; that which followed the spade did better; 
ut they are both so bad, that they must be renewed 
this^year. On the former, the best land lay upper- 
most, which, when deprived by the heat, of its mois- 
ture, derived no assistance to support the plants from 
the peat that lay underneath ; on the latter, some of 
the best land was laid in the ground, but not deep 
enough to retain a sufficient quantity of moisture. 
The preceding year I planted in a piece contiguous, 
•n banks as before described ; and there the osiers 
do well. 

I have a rich loam lying on a bed of potter’s clay. 
The situation is low, and exposed to the water. 
French osiers were very scarce, and I could procure 
only a few hundreds last year ; determined to eke 
them out as far as I could, I laid them down in their 
whole length, and pegged them on the ground; 
they struck good roots into the earth, and threw out 
abundant shoots. 

This experiment, together with that of planting 
upon banks, will enabfe us to answer the question 
often asked, “ Of what length ought the set to be ? ” 
It depends entirely upon the nature and situation of 
•lie land. There should be so mu?.h of it in the 
ground as to enable it to procure moisture; and so 
much of it out of the ground as to make it accessible 
in the cutting season, wheie much weeding is not 
required; and where there are no floods, or where 
they subside quickly, there ought to be very little of 
it out of the ground. The nourishment, in that case, 
will pass immediately from the roots to the rods, or 
•hoots, without the burden of first, supplying the 
head or stock. 

Every experiment that I have made confirms my 
•pinion, that the autumn, and^iot the spring, is the 
most proper season for planting. Those who think 
with me say, that the foil of the leaf indicates the 
proper time to cut the sets ; it certainly is so in ge- 
neral ; but the leaf of the osier, like that of the oak 
and other trees, w r ill sometimes prolong its depar- 
ture. The stagnation of the juices is the true crite- 
rion by which to judge t not on account of the set, 
but of the trunk, lest, if you amputate it whilst the 
juices are in circulation, it should bleed to death. I 
have planted in the first week of October, and the 
sets appeared to remain torpid for the remainder of 
the year ; about Christmas i took up several of them, 
and was much pleased to find they had struck root, 
although they had given no outward appearance of 
vegetation from the time of planting, it is probable 
*tkat the earth retain. 0 a sufficient portion of the sum- 
mer heat until the autumn, to give life to plants at 
Ac root, when the atmosphere at that time may be 
m cold, as to discourage any exertions above ground ; 
and perhaps nature may be more vigorous when her 
operations are confined to one point. 

When you plant in spring, the set seems (if I may 
•peak so figuratively) to have its attention distracted 
by two operations not very homogenous, the one up- 


wards, the other dowh wards. It is impelled to shoe! 
its radicles into the earth, to form its stability, and 
procure sustenance ; and it is called upon at toe same 
time to put forth its leaves and branches. To speak 
without a figure, the prolific sun and air conduce to 
exhaust the juices, in extending the shoots before 
the roots are sufficiently strofig and large to support 
the drainage; hence it is that, contrary to the com- 
monly received opinion, a warm and dry spring ii 
always injurious to the young plantations. If there 
be not sufficient rain to convey sustenance by the 
leaf and bark, in aid of the small quantity procured 
by the root, the plant must die or dwindle, and it it 
very observable that the first vigour of the late 
planted set is a sure prognosticator of its decline or 
dissolution. Jn the autumn of 1795, 1 made a small 
plantation, and on the remainder of the piece I 

S lanted in March following. In the beginning of 
lay, those last planted were the forwardest, which, 
for a time, staggered my opinion of the most proper 
time for planting; but in June, those planted in the 
autumn nad much the advantage, and have conti- 
nued to grow well. Those that were set in the 
spring, decayed in summer, and many of tliem died. 
When the fibres have been formed before the winter , 
or when a tendency to form them has been observed, 
by the swelling of the baric, and particularly at the 
eve, the plant is enabled to charge itself with a suf- 
ficient portion of the juices to answer the demand 
of spring. 

1 he rule, therefore, which I lay down for myself, 
where no obstructions are raised by the water, is to 
; plant as early in the autumn as 1* can cut the sets, 

I without endangering the parent stock. ” 

Notwithstanding the prevailing notion, that osiers 
will not thrive in any situations but such as are wet, 
we have the testimony of * considerable planter to 
the contrary. This person has some of the most 
| healthy ana flourishing plats we have ever seen, in 
| situations high and dry; and we are informed by 
I him that the basket-makers prefer, for the generality 
of work, osiers growing in these situations, to those 
produced in low and marshy ground. 

His ground was well manured and sown with tur- 
nips, and the sets or cuttings (which were eighteen 
inches in length) put about ten inches into the 
ground, and about one foot nine inches asunder. 
This person differs from Mr. Phillip, and prefer 
spring planting, which we believe to be the prevail - 
ing custom in the western counties, where the fob 
! lowing sorts are mostly planted- namely, the 
brown-red, orange-red, ana yellow. But as the 
basket-maker has occasion for various qualities ot 
osiers, and each of these kinds has its peculiar advaa- 
f tages, the planter should put in some of each sort; 
as this will enable him in a short time to ascertain 
what kind suits best with the soil and situation. 

In the trial of another cultivator, detailed in the 
| Transactions of the Society of Arts , — “ the soil is a 
strong clay, resting on a retentive clay subsoil o 
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gTeat depth. It has long been in a state of tillage, ! 
and is inclosed by flourishing woody hedges. The j 
soil is naturally of a weak nature, "has been much j 
impoverished by bad management, and, as arable 
land, is not worth five shillings per acre. The | 
greater part of the plantation in the year 1800, ; 
consisted of oats, ana received only one ploughing j 
of a mean depth, previous to planting. Nine acre3 i 
were wheat in 1800, after the summer tallow. 
Three acres in the same field with the nine, were 
sown with grass seeds, in the autumn of 1800, and 
were planted at the same time with the rest, with- 
out any preparation whatever, except tint of har- 
rowing once in a place. Eight acres, which were 
last planted, were in various states of tillage ; some 
were a good tallow in 1800; some were sawn with 
grass seeds in the autumn of that year ; and some 
were very grassy, and had lain all the summer 
without ploughing. The grassy part, and the part 
sown with grass seeds, were ploughed once before 
planting, but the part which was summer fellow, 
was not ploughed. The planting was began on the 
9th of February, 1801, and continued till the whole 
was finished, which was on the 23d of March. The 
sets were large cuttings of about eighteen inches in 
length, thrust into the ground Jw hand, having from 
four to six inches of their length above the surface. 
They were all planted in rows, from twenty-two, to 
thirty inches asunder, and the sets from twelve to 
twenty-four inches asunder in the rows; but tew 
were planted at the widest distances.” 

He adds, that M the plants made a more vigorous 
rfhoot in spring, then they did afterwards ; but they 
are allowed by judges to look Uncommonly well. 
Very few sets have felled, perhaps not above ao 
hundred on an acre, except in the field last planted, 
where the dead sets are more, numerous. This 
may be owing more to the treatment the sets receiv- 
ed, than to the time iir which they were planted. 
They were brought round the North, ana South 
Forelands, were put out of the ship into a barge, 
and from thence into a waggon, and then remained 
Some time before they were planted. t Those plants 
that succeeded, wheat are much the best osiers ; and 
those planted on the seeds without ploughing are 
the worst. They are invariably the best where the 
ground is cleanest; and from this circumstance he 
is led to think, that summer fallowing before plant- 
ing would be judicious management." A neighbour 
of his, lie says, planted 350 sets in his garden, 34 1 
of which produced osiers ; the rest died. The soil 
of the garden is clay. They were planted the latter 
end of March, in rows, thirty inches by twenty-one 
inches asunder, with beans between the rows. The 
341 sets have produced a. bundle of osiers of about 
thirty-eight inches in circumference; and some of 
them are upwards of ten feet in length. This hr 
thinks proves, that the soil is congenial, and the 
tillage favourable to the growth of osiers, in the 


plantation already mentioned, there are several 
sorts, bnt principally those known by the name of 
the net v kiwi.” Ttiis experiment was made by Mr. 
Cherry, at New- wood farm, Stoke D’Auberton, in 
Surrey. 

The following method is practised, as stated in 
the fifth volume of the Farmer’s Magazine, in the- 
fens, many holts (as they are provincially called,) 
or plantations of osiers are raised^ which beautify 
the country, keep the stock warm in the winter, ana 
provide much useful wood for baskets, cradles, and 
all kinds of wicker work, and also for cribs for cat- 
tle tQ eat straw or hay out of, and to make stows or 
hurdles to fence in stacks, part land, &c. &c. or they « 
make hedges that will last four years well, and if 
allowed to grow five years, many of them would* 
make fork shafts for hay or corn. 

These holts or plantations of osiers are commonly 
made in the middle of the land, in the north and east ' 
corners, and sometimes at any end, side, or place, 
that appears most easy, or in any respect, the most 
desirable. 

The situation and sizeof these holts vaiy exceed- 
ingly. Sometimes they are made in the middle of 
lands, from 10 to 60 yards square, and in others, in 
the sides or ends, of from 1 yard wide to 11, and . 
from 10 to 100 yards long. 

The mode of planting is very simple ; it is, first to 
dig the land from 6 to 18 inches deep, and then to - 

{ irick down cuttings of 4 years growth, and 18 inches 
ong, at about three feet distance from each other. 
Tbe^oil should be moor or clay, or any that is low 
and wet ; if drowned half the year, it will be but little 
the worse. 

These holts or osier plantations must be fenced 
round, either with dikes which is most common, or 
with hedges which is most convenient. The proper 
season for making them (they seldom fail of growing 
at any time) is from the fall of the leaf till very late 
in the spring, and the sets are very cheap. Such- 
plantations are cut annually for baskets, skeps, scut- 
tles, cradles, and all kinds of wicker work, but when 
the o«ier9 are kept for sets, or to make hedging wood, 
or for stows or hurdles, they are cut only once in 
four years. Wherever the fanner has lands that 
are suited to this sort of cultivation, as there is a con- 
stant demand for such articles, lie should never ne- • 
gleet making plantations, as nothing that he can put . 
; upon such&nd will pay him so well. . 
s It is observed by Mr. "A. Young, that the late Mr. . 

Forby, of Norfolk, knew the value of these planta- 
1 tions well, for various purposes. Osiers planted h) 
small spots, and along some of his hedges, supplied 
him w ith hurdle-stuff enough to make many dozen? 

• every year, so that he supplied himself entirely with 
that article, as well as with a profusion of all sorts 
of baskets, especially one kind that he used for mov- 
ing cabbage plants, for which purpose they were 
, much better than tumbling the plants loose in a 

turfs 
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•art. The common osiers he cut for this purpose at 
1 three years, and that with yellow bark at four. 

As the planting of osiers is considered verv profit- 
able to those who may have ground well adapted to 
it, we subjoin the following account of the excises. 
Of one acre and a half of osiers, having fourscore 
boults (of forty-two inches girt) fo the acre. 


Weeding twice or weeding and hoeing, £i JO 0 j 

Cutting 2-*. 6d. per score 15 0 I 

Sorting 2s. 6‘d. per score 15 0 j 

Whiting or stripping per load, all expenses 2 2 0 

Binding per load 7 0 


A load consists of sixscore boults of green or four- 
score boults of white. 

The business of a basket maker requires but a 
small capital either of money or ingenuity, in conse- 
quence of which it has been fixed upon as one of the 
most proper occupations for that class ot our suffer- 
ing fellow creatures, the indigent blind, for whom an 
Asylum was first opened in Liverpool in the year 
1790, under the auspices of the Revd. Henry Dan- 
net, Minister of St. Johns. The following account 
of the institution, selected from A ikin’s History of 
Manchester, cannot foil of being interesting to ull 
our readers. 44 In reflecting on the situation of 
those -persons who labour under that heavy calami- 
ty the loss of sight, it must occur to every one that 
this misfortune is aggravated by the waut of employ- 
ment for the mind, and by a consciousness of being 
useless to themselves, and in many cases a biu’then to 
others. Frequent experience has, however, shewn, 
that blind persons are capable of becoming expert 
in various mechanical employments, and in some ca- 
ses of making a surprizing proficiency in useful ac- 
complishments. The education of persons in this 
situation requires, however, a different process front 
that which is usually adopted ; and it was there- 
fore suggested that if a school of industry were es- 
tablished for the blind, with proper instructors, the 
most beneficial effects might be derived from it. A 
subscription for this purpose was accordingly open- 
ed, ana two bouses fronting the area before the in- 
fermary, wore rented, as a temporary accomodation 


t for the pupils. The earnestness with which the be- 
j nefits held forth by t‘ is institution, were grasped at 
; uy the unfortunate objects of its kindness, is a con* 

; vincing proof that their inactivity was not voluntary, 
i nor their situation hopeless. Several pupils were 
! immediately admitted of different ages, most oi 
whom applied themselves diligently to the particu- 
lar employment to which their talents, or tbeir fancy 
directed them. The principal occupations, a hid 
after a trial of some years, are found most mutable 
; for the blind, independent of the use of musical in- 
! struments, are the making of baskets and hampers 
: of various kinds, of white and tarred bears or door 
I mats, foot-cloths, lobby -cloths, the w eaving of sheet- 
j ing, hag-abag, window sash, and curtain line, and 
{ the manufacture of ruling- whips, the latter of which 
j they execute w ith peculiar neatness. Besides affur- 
j ding the pupils instruction gratis, the Asylum allow? 
j them a weekly sum proportioned to the nature ol 
| their work, and the proficiency made by them, which 
with a small addition, in some instances, from their 
friends, or parishes, enables them to provide for 
| their own support : thereby relieving them in a ereat 
i degree from the painful idea of absolute dependence 
j on the bounty of others ; and which is scarcely offe* 
importance, affording them an active employment for 
those hours, w hich would otherwise be spent in de- 
pendency and gloom. ” We are happy in having it 
in our power of stating, that a great many institutions 
of a similar kind, have been set on foot indi&rent 
large towns throughout the kingdom. 

Baskets have, of late years, been introduced by 
coach makers, to form the bodies of gigs, for which 
purpose they are particularly well calculated, as wi 
know of no other means whereby so much strength 
can be obtained with so little weight The mail 
carts in London are baskets, and many of the stage 
coaches have baskets placed behind them for the pur- 
pose of carrying parcels; and we are convinced that 
the principle of basket-making might be extended, 
with good effect, to many other purposes, w r here tin 
three qualities of strength, lightness, and elasticity, 
are required. 
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dSkt art of Block-making was, formerly. executed 
entirely by hand with no other mechanical aid, than 
eould l>e obtained by the use of a common turning 
lathe; but within these few years, the nary hat been 
supplied with blocks made in the Dock- Yard at 
Portsmouth, by a set of machines erected there by 
the ingenious Mr. Brunei, which is conceived to l>e 
themost complete piece ef mechanism in England, or 
perhaps in the world. 

By tueans of this machine, the whole process, from 
the tree to the finished block, is performed with no 
other assistance than can be given by the most un- 
taught labourer, as the pnly aid reouired is to con- 
vey the work, in its various stages, from one part of 
the machinery to another. 

It would be useless to give a particular descrip- 
tion of the various parts of this complicated machine 
under this head, as the exclusive right of using it is 
secured by letters patent to the inventor. Another 
reason is the great expence attending the erection ef 
it, which would scarcely answer for any private con- 
cern. We shall, however, give a description of it 
under the article Machines, in the second part ef 
this work, as various parts of the contrivance are 
applicable to many other purposes. . The block 
used on shipboard consists of the shell, usually made 
of elm or ash; the pulley or sheave, made either of 
lignvmvite or cast metal; the pin or axis of the 
pulley ; and the strap, which is sometimes made of 
rope and sometimes of iron. 

x?he different kinds of blocks are very numerous, 
depending on their size, use, form, number pf pul- 
liee, Arc. the bare enumeration of which tirould take 
considerable room. They may, however, be gene- 
telly reduced to the following kinds: single, double, 
triple, and fourfold blocks, according to the number 
of sheaves they contain, which, for some particular 
purposes, extend to eight. 

We shall now endeavour to give some idea of the 
manner of manufacturing blocks, as it is commonly 

C ractised, describing each part under its particular 
ead, and beginning with the shell. 

Having sawri out the wood to its proper width, 
length, and thickness, the comers are taken away ; 
after which, if it is fora single block, the workman 
gauges the mortice hole, which is to receive the 
sheave in the middle of the block, allowing it one- 
sixteenth wider than the thickness of the sheave, 
sad once the thickness longer than the diameter of 
the sheave. But, where more than one sheave is 
placed in the same shell, partitions between each 
sheave are necessary, otherwise the rope would be 
subject to slip out of the groove in the edge of the 


sheave, and the pia, from the width between the ' 
two cheeks, would be veiy apt to bend ; these par* . 
titions are allowed one-sixth less than the sheave , 
hole. The block thus gauged, is fixed firmly to the 
bench or cleave, in which situation it is held by" 
wedges, and a hole being bored at each end of the 4 , 
sheave hole, half the way through its thickness, it is 
reversed, and being fixed again, the holes are met 
by boring from this side ; the remainder of the wood 
is then removed by a mortise chisel with a bar, simi- 
lar to those made use of by wheelwrights for mortis- 
ing the knaves of wheels. 

if the block is intended to have an iron strap, it 
should be applied before the mortise or sheave hole 
is cut out or tne middle of the block; but this is not 
the case where rope is made use of, that being ap- 
plied by the rigger after the blocks are on board the 
ship. Straps of this kind are usually fitted with an 
iron eye or thimble, and sometimes with a hook, ac- 
cording to the purposes for which they are designed. 
There remains new only to make the holu for the 
reception of th? pin; it must be about one-tenth 
smaller than the diameter of the pin for which it is 
intended, in order to make it drive tight ; , this hole 
is made square on one side, and the pin is left square 
at one end for, the purpose of preventing it from 
turning round in the hole. 

The edges and comers of the shell are next round- 
ed, first with the stack shave, which removes the 
larger parts, and then with the spoke shave, to fin- 
ish and smooth them. 

Blocks that are intended for the merchant service, 
differ from those used in the royal navy; the 
former being rounded off, leaving a small square 
on the edges, and the latter are left thicker upon the 
edges of the cheeks. 

The next operation is the scoring, or grooving, 
for the reception of the strap; for which pumoee the 
blocks are gauged, and being fixed as before, the 
groove is cut so deep at the ends as half the thick- 
ness of the strap, and gradually tapering to nofhieg 
at the pin. The same rule holds good for double 
strap blocks, first gauging it oh both sides of the pin *” 
for that purpose. 

After the score is cut, the sheaves are fitted ; they 
are one-tenth thicker than the diameter of the rope 
intended to run on them, and five times that thick- 
ness in 'diameter. The hole for the pin is made 
through the centre of the sheave by a bit, fitted to 
the turning lathe, or with a $tock and bit, and open- 
ed out with an auger, one-sixteenth larger than the 
pin, to enable the sheave to turn freely. 

Cooked sheaves are such as have brass centres, or 

. eoakeft 
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eoahes, let in M each side the sheave, made of east 
bell metal, of a triangular form ; the comers of both 
the coakes are kept opposite each other, so as to ad- 
mit of three rivets passing through them, for the 
purpose of confining them together. When this is 
none, and the hole made, the sheaves are fitted to 
the turning lathe, where they are freed, and the 
groove turned on the edge for the rope to run 

OB. 

The pins a re also fitted m the lathe, and turned 
smooth and cylindrical, except the bead, which is 
left square for the purpose be lore stated. 

After the sheavek are fitted, the inside of the 
sheave hole, at one end of the block, is gauged hol- 
low, to admit the rope, and correspond with the 
sheaves; and a small neat chamfer ir taken off the 


For the strapping of Blocks , the following rules 
will be found serviceable. A seventeen- inch block 
has a five- inch rope strap, and evriy inch in length 
above or under, to a twelve-inch block, has half-an- 
mch, more or less, sized rope allowed for the strap; 
an eleven-inch block has a three-inch strap, a ten 
and a nine-inch block two- inches and half ; ao eight 
and a seven-inch block, two inches ; a six-inch block 
one and half inch; a five and a four-inch block one 
inch. 

When blocks are bound w ith iron, the score is 
sunk sufficiently deep to admit of the whole thickness 
of the strap, except at the pin. Iron straps vary in 
thickness, from one inch to a quarter of an inch, al- 
lowing for their breadth three times their thickness, 
or thereabouts ; of course it is ever to be taken into 
the account, that if the blocks are intended to bear 
any extraordinary strain, it will be necessary to give 
the straps more strength than the above proportions 
admit of, more particularly as this extraordinary 
strength is required, most commonly, in parts of the 
•hip where the weight of the block is of less impor- 
tance. The case is, however, very different for 
such blocks as ar. intended to be used aloft, where 
weight is ever to be avoided; it should, therefore, 
be the object of the workman to give as much 
strength as possible, with little weight; and this is 
best done, by u>tug the choicest materials for work 
of this kind. The cat-block must have a strong 
strap and large iron hook, w hicli hooks the ring ot 
the anchor in catting. The top-block should have 
a stout iron binding, with a strong short book. 
Top tackle blocks have strong iron bindings the 
upper block with a tackle-hook, and tlie low* r block 
with a swivel-hock. The swivel, in iron bound 
blocks, serves to turn it occasionally, in order to un- 
twist the parts of the rope which form the tackle, 
otherwise a considerable loss of power would be the 
consequence. 

In r*gging, the whole length of ail the different 
fires of b.ock-srrapping, gut upon the stretch, and 

hove out U^&t, for wonuiag and serving ; it is then 


wormed and served, and cut info shorter lengthy 
suited to the different blocks. 

The strapping of jur-blocks is wormed, parcelled, 
and served; strapping of four inches diameter, and 
above, is wormed and served, and all under four 
inches are only served with spun-yarn; except the 
sprit-sail brace, bunt-line, and leech-line Weeks, 
that are lashed under the tops; these are served 
with spun-yarn over the 6plice, and the tail left half 
a fathom in length. Jur-blocks are double scored, 
and the double and triple blocks are strapped with a 
double strap, thus: the block Is spliced together at 
the ends, and, when doubled, to be the sue of tk 
block and circumference of the yard; it is then (ta- 
bled, and the block seized in the bight, with a taj 
and short leg; the splice laying in the arse of the 
block. 

Before the strap is applied, the pin and sheave 
should be examined, and the score should be well 
tarred. The block is set well into the strap with 
wedges, in the following manner : the four parti 
are trapped together with rope-yarn under ihv block, 
with a chock between; and the wedges are ^ be- 
tween the breast of the block and the chock. Then 
the strap is nippered with a heaver round the block; 
the wedges, chock,and trapping, taken away, and tbs 
block hung upon the stake-head, or post, and the 
strap well seized together, close under the block, 
w ith nine under, and eight riding-turns, every turn 
strained tight round with a heaver, and crossed each 
way two turns. 

Jur-blocks of the mast-heads, are strapped vriu 
long eyes, to receive many turns of thelashisg; and 
the block is seised into the strap, as before, « m 
all the seizing blocks according to their sues. 

▲ TABLE OF THE DIMENSIONS OF STRAFU F0» 
LASHING AND SEIZING BLOCXS. 
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Blocks, strapped with eyes or thimble**, spliced 
the cuu*, are seized tight into the big ut, aoa ^ 
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legs left Ionrencmgh to lash throngirtbe eye*, round | 
a mast, yard, &c. as the top-sail clue-lines, clue- 
garnets, and sprit-sail elue-lines, &c. 

Blocks strapped irith a thimble, or hook and thim- 
ble, have the straps spliced together at the ends. 
The block is fixed in one bight, for the splice to lay 

> on the arse of the block, and the thimble in the other 
' bight; the seizing is put on between the block and 
I thimble, with eight under and six riding turns, ac- 
t cording to the size of the block, each turn strained 
i tight by a heaver; the turns double crossed, and the 
9 ends stopped with a wall knot crowned. 

t Blocks strapped with double tails are fixed in the 
9 strap similar to blocks with eye-straps ; and those 
. with a single tail are spliced in and served with 
spun-yam over the splice. Girt-line blocks are 
strapped in the house, and the girt-lines reeved, 
i See Elements amt Practice of Rigging. Vol. 1. 
i Bee-blocks are made of elm, in length seven- 
i ninths, the length of the bee in depth, two inches 
r for every foot of length, and in thickness seven- 
i eighths of the depth. A block of this kind is trim- 

> xned square, chamfered on the outside edges, and 
fitted with a sheave in one end, and in the other end 

,, is cut a hole, to be fitted with a sheave, in case the 
ether should fail.. The sheave-hole is two-sevenths 
of the length of the block, and one-fourth the length 
, of the sheave*hole, in breadth, and half the length 
, of the sheave-hole wltlnn the end. 
i Bee-blocks are bolted to the outer ends of bow- 
sprits, under the bees, and the bolts serve like the 
* axis or pin for the sheaves to work upon ; the fore- 
, top-mast stay, reeves through the sheave-hole at the 
foremost end of the starboard bee-block, and the 
’ fore-top-mast preventer, or spring-stay, through the 
sheave-hole, at the after end of the larboard bee- j 
block. 

Thick and thin, or quarter-block , is a double block 
with one sheave thicker than the other, and is used 
to lead down the top-sail-sheets, and clue-lines. — 
Although these are used for the top-sail-sheets, and 
intended for the ciue-line9, a single block would be 
cheaper and better, as the thin sheave is seldom 
used for the cluerlines, it being found rather to 
impede than to facilitate. Small ships in the 
merchant service, have a double block lashed in the 
middle of the y&rd, as the quarter block, through 
which the sheets reeve, and lead down on opposite 
sides.* Large ships in the merchant service, have a 
single block lashed on each side of the middle of the 
yard, and the sheets reeve on their respective sides, 
and lead d6wn by the mast. 

Brail-blinks, in rigging the mizen yard, arc stnvpt 
together in one strap, and lie . over the yard, and 
•eize together underneath; the throat-blocks next 
the cleats to the mast; the middle* blocks in the 
middle between the throat-block and peek; the 
peek-blocks about three or four feet within the 
cleats at the p?ok~ I 


n 

Voyal , or viol-block, in a single sheaved block. 

The length is ten times the thickness of the sheave- 
hole, which is three-eighths more than the thickness 
of the sheave ; the thickness of the sheave i9 one- 
tenth more than the diameter of the viol ; and the 
diameter of the sheave is seven times the thickness. 

The breadth of the block should be eight times the 
thickness of the sheave, and the thickness two* 
sevenths of the length. This block is double scor- 
ed, the sheave is coaked with brass, and the pin is . 
iron, and nearly as thick as the sheave. It is used 
in heaving up the anchor. The viol passes round 
the jeer capstan, and through the block, which tei 
lashed to the main-mast, and the cable is fastened hi 
a temporary manner to the viol in several places. 

It is seldom used except in the largest ships in the 
royal navy. 

Cheek blocks , or half-blocks , are made of elm 
plank ; the length being twice and a half the depth 
of the top-mast liead; the breadth is seven -eighths of 
the depth of the top-mast-head, and the thickness half , 
that depth. The depth of each tenon, and thickness of 
the cheek, when the sheave-hole h cut, is each three 
eighths of the whole thickness, so that the remaining 
two-eighths are the sheave-hole. The three tenpn* 
each are two inches square, one in the middle, and 
one at each end ; and the length of the holes is more 
than the breadth of the block, by the thickness of. 
the sheave. The back of the block is divided into 
three parts, and one-third on each side is bearded 
down to one-third the thickness of the cheek on 
each edge. Pins of iron are made for fastening' 
ihem to the top-mast head, and for durability, th^ 
sheave-holes are coppered. Cheek-blocks are bolt- 
ed to the thwart-ship sides of the top-mast heads* 
close up under the cap, the bolts serve as the pin. 
or axis, for the sheaves to work on; the jib-stay, ana 
haliards, and foretopinast stays, sail-stay, and ha- 
liurds reeve through the cheek blocks at the fore- 
topmast head, and tlie main topmast stay -sail haliards,. 
and middle-stay «sail-stay and halyards reeve 
through the cl reel; blocks, at the main-top-mast. 
head. 

Sister-blocks , are similar totwo single Mbck*, and 
are formed out of a solid piece, about twenty inches 
long, one above the other. Between the blocks is a 
scoring for a middle seizing; a round head is turned 
at each end, and hollowed underneath to^pntain thr 
end seizings; along the sides, through which the pin* 
are driven, is a groove or scoring, large enough to 
receive part of the topmast shrouds, in which it i* 
seized. These blocks receive the lifts and reef tackle 
pendants of the top-sail-vards.. 

One line-block s r in rigging the sprit-sail-yard, are 
stripped with two eyes, and are lashed* through 
those °ves round the yard, three feet without the* / 
line*' : tne lashing to be upon the yard. In rigg- 
ing U esprit- sail top-sail-yard, these blocks are strap, 
ped with two eyes, and are lashed through those ever 
* round’ 




i 


Digitized by ooQie 



BEOCK-MARTTNO.: 


n * 

round tlie yard, about two feet without the slings. 
The clue-line blocks, in ripe mg the top-sail yards, 
are strapt with two lashing eyes, and lash upon the 
yard three feet without the slings ; the blocks hang- 
ing underneath the yard, through which the clue-line 
reeves, and is strapt with a knot, and leads down 
upon thedeck. In rigging the top-gallant yards, the 
blocks are strapt with two lashing eyes, and lash 

Z n the yard three feet without the slings. The 
:ks hang under the yard, through w hich is reev- 
ed the clue-line, which is stopt with a knot. The 
leading part leads down the mast, and iuto the lower 
shrouds. Some sloops and light rigged vessels have 
no clue-line blocks ^ they lower the yards. 

Mr. Brunei has made a great improvement in 
these blocks. The old clue-line, or due garnet- 
block, (for they are the same except in size) was a 
single sheaved block, strapped with two eyes ; a 
knot w as made in the end of the clue-line or gar- 
set, just at the place where it was attached to the 
clue of the sail, to prevent the corner thereof 
being drawn into the block. This was not ef- 
fective, and frequent inconvenience arose, for the 
fail being constantly in motion, the rope had a great 
lendency to get entangled with the sail, and drawn 
over the sheave. To prevent this, the sheave is 
situated in thg centre of the block, so as to be whol- 
ly inclosed except a mortise, where the sheave is 
put in. The strap surrounds the lower part of the 
nlock, then both ends pass through a hole in the 
upper part, crossing eacli other. They are then 
Ibnned into an eye, by which the block is suspended 
from the yard. By this means no accident can hap- 
pen, as the garnet rope is so inclosed in the block. 

Strap bound blocks , are single blocks, with a 
shoulder left on each side, at the upper part, to ad- 
mit the strap through a little above the pin. These 
blocks are used at the clues of the square-sails for 
the clue-garnets, or clue-lines ; and under the yards, 
the shoulder prevents the strap from chafing. 

Nine-pin blocks , are used to lead the running 
ropes in an horizontal direction. The shells, made 
of ash, or eliu, resemble the form of a nine pin, 
though flattened on the sides. Their lengths zre 
generally confined to the places in which they are 
fixed, and this is for the most part under the cross 
pieces of tlie fore-castle nnd quarter-deck bitts. 
The breadth of the block, sheave, & c. is governed 
by the rope, and taper at the ends to three eighths of 
the breadth of the middle ; the pins at each end ser- 
ving as a vertical axis, is two-thirds of the size of 
the end. The thickness is five-eighths of the breadth. 
These blocks may be turned in a lathe, and flatten- 
ed afterwards w'itli a spoke-shave. 

Skoulder-lrfock, is a large single block, left nearly 
square at the upper end of the block, and cut slop- 
ing in the direction of the sheave. Shoulder-blocks 
are used on the lower yard arms, to lead in the top- 
sail-sheets; and on top-sail yards, to Wad in the top- 


gallant sheets, and by means of the shoulder arc 
kept upright, and prevent the sheets from iambing 
between the block and the yard; they are also usd 
at the outer end ofthebomkins, to lead in the fore 
tackle. 

Hack blocks , are a range of small single blocks, 
made from one solid, by the same proportions 
single blocks, which ends in form of a dove's tail for 
the lashing, by which they are fastened athwart the 
bowsprit, to lead in the running ropes; they art 
seldom used. 

Long tackle blocks , are two single sheaves placed 
one above the other in the same shall. The lower 
sheave is only two- thirds the size of the other; it if 
used in combination with a common dingle block, to 
form tlie long tackle, for loading, or any other pur- 
chase. In the navy and East India service they are 
used as yard tackles. Tlie rope is reeved through it 
in the same manner as it would be through a corn* 
ruon double block ; but it is preferred where it is con- 
venient, because the strap being in the center of the 
resistance, it hangs more steadily than when the. 
sheaves are on one pin. 

Monkey blocks , are sometimes used on the lower 
yards of small merchant ships, to lead (ii\to the masf, 
or dow n upon the deck) the running rigging belong- 
ing to the sails. The shells are made of ash or elm. 
Some are only small single blocks attached by i 
strap and iron swivel to iron, straps, which embrace, 
and nail to the yard the block turning to lead the 
small ropes in any direction; others are nearly eight 
square, with a roller working in the middle, and a 
wooden saddle beneath to fit and nail to the yard. 

Shoe blocks, are two single blocks, cut in a solid 
piece, transversely to each other ; they sore for leg* 
and falls of the bunt-lines, but are seldom used. 

D blocks are lumps of oak in the form of the let- 
ter D, from 12 to 16 inches long, and 8 or 10 feet 
w ide ; they are bolted to tire ship's side in the chan- 
nels to receive the lifts. 

Main sheet block is used for the sheet tackle of the 
mam-sail* booms of small vessels. The pin project! 
from each side of the block, being in all the *aflfc 
length as the block ; the fall or rope of the tackle it 
lielaved or twisted round this pin, to stop it. Tbit 
block is either single or double, and has a holt 
through tlie end to receive its strap. 

Snatch block , is a single sheave, with a notch cut 
through one of its cheeks, to admit the rops or fell 
to be lifted in and out of the block, without putting 

its end through first. It is a convenient block for. 

heaving any rope in the navy. The snatch block? 
arc iron t>ound, terminating at the notched end of 
the block, with a swivel hook or an eye-bolt, larg* 
enough to receive several turns of lashing, which 
fastens the block to its fixed support. That part of 
the strap over the notch in the side lifts up with a 
hinge, and is confined down, when the rope is inf h* 
.block, by a small pin put across through tbs end oi 
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the pm of the sheave, which projects up the block, 
sufficiently to pass through an eye made in the hitfge 
part of the strap. The *trap on the other part of 
the block is let into the block, aud confined by the 

f >in t and some nails. These blocks are used for 
leavy purchases, where a warp or hawser is brought 
to the capstan. 

Clue-garnet blocks.*— These are single sheaves sus- 
pended from the yards, by a strap with two eyes ; a 
lashing surrounds the yard and passes through the 
eyes, so as to suspend the block beneath the yard ; 
these blocks receive the clue-garnets or ropes which 
haul up the clues of the sail ; this is applied to the 
main and fore-yard. 

Deep sealine block , is a small wooden snatch-block, 
from about nine to ten ihches long. 

The blocks lashed to a ships principal yards, are 
as follow. 

To (he lower yards . — The jeer-block ; buntline- 
blocks; leech-line-blocks ; lift-blocks, and topsail- 
sheet blocks, strapped together ; quarter and slab- 
line-blocks, strapped together; clue-garnet blocks*, 
tricing-blocks ; preventer brace blocks.; pendant 
blocks; studding-sail hatyfcrds blocks. 

To the topsail- yards. — Bunlline and tye-Wocks 
strapped together; top-gallant-sheet block, and lift 
block strapped together; jewel block and brace 
pendant blocks ; clue-line blocks, and block to lead 
down the top-gallant sheets. 

To the top-gallant yards. — Jewel, clue-lice, and 
brace pendant blocks. j 

To the mizen yard. — Jeer-block ; derrick-block ; 1 
oignaft halyard block; throat brail, middle brail, | 
mid cook brail-blocks. 

To the civss jaclc-ynrd . — Quarter-blocks ; jeer ( 
blocks ; and lift and topsail- sheet blocks strapped j 
together. | 

To the bowsprit. — The bee block, bolted to the i 
bowsprit at the outer end under the bees; fore bow- ! 
line-blocks, lashed on each side the fore-stay collar; j 
lbre-topsail-lK)wlinc-block lashed to an eye bolt in j 
the bowsprit cap. 

Fish-block , is hung in a notch at the end of the da- j 
vit, and serves to haul up the flukes of the anchor to 
the ships bow. 

Giit-line blocks , in rigging the fore mast and main 
and mizen masts, are lashecl round the mast head, 
above the top of the cap; one to hang on each side. 
The girt lines that reeve through them, lead down 
upon deck for hoisting the rigging, tops, and cross- 
tree, and the persons employed to place the riggiug 
over the mast head. j 

Cat-block , is employed to draw the anchor up at 
flic cat-head. 

Hunt-line blocks , are lashed in rigging the lower- 
yards, like the leech-line blocks in the middle be- 
tween them and the slings of the yard. These, in 
ringing the topsail yards, are spliced round the strop 
♦f the topsail tye-block upon theyard. 


Dnrick-llock , in rigging the mizen yard, is strap- 
pod with eyes, that go round the yard, and lash un- 
derneath, between the slings and the outer yard-arm 
or peek; the other block is cross seized into tin* 
strap, has an eye spliced in each end, and lies upon 
the mizen cup, and seizes or hangs through the eyef 
under the cap, or upon the upper side of it. 

/ jeceh-linc-blocks, in rigging the lower yards, are 
lashed round the yard, and through the eye of the 
strap, ten feet within the cleats on each yard-arm; 
the blocks hang on the fore part of the yard. 

Ijifl-blocks , in rigging the lower yards, are spliced 
unto the top of the topsail sheet blocks ; the lifts 
reeve through the block in the span round the mast- 
head, between that and the top-mast, then lead down 
abreast the shrouds, and reeve through a block fas-^ 
tened to the side, and are there belayed. In rigging 
the-topsail yard^, the lift blocks are strapped with 
an eye to the side of the yard arm. The lift reeves 
through the lower sheave in the sister-block in the 
topmast-shrouds, and through the block on the yard- 
arm. The standing part hooks to a becket round 
the topmast-cap, and the leading part leads down 
the side of the mast, and belays to the dead eyes in 
the lower shrouds. 

Made blocks , have the shell formed of several 
pieces of elm plank, suited to the thickness of the 
cheeks, sheave holes, and middle parts, and ore 
strongly bolted together with three bolts at each end* 
driven through and clenched on a ring at the points. 
These blocks have flatter cheeks and more square ed- 
ges, than other treble and four- fold blocks. Of this 
sort are large treble und four-fold blocks, for heaving 
down ships, or other heavy purchases. Smaller 
made blocks of modern invention, are formed of two 
pieces, joining in the middle ; the pin working aw 
patent rollers, let into the inside of the cheeks, which 
are bolted or ri vetted together at the ends. These 
blocks are thought too complex for the lloyal Navy, 
and are not so easily remedied in case of failure. 

Slab-line blocks, in rigging the lower yards, aro 
strapt with a short lashing eye, that seizes to the 
span of the quarter-blocks underneath the yard. 

Top-gallant-shcet blocks, in rigging top-sail yards* 
are strapt with two lashing eyes, and lashed upon the 
yard, close within the clue-line blocks on each side. 

7 'op-sail-sheet blocks , in rigghig the lower yards, 
rre put over the yard-arms, strapped with an eye of 
the size of the yard-arm. 

Tricing-blocks , for the yard- tackles, are strapped 
with a short lashing eye, that seizes round the yard 
. about one third of the length within the arm cleats ; 

| the blocks hanging under the yard. 

Tyc -blocks, in rigging the top-sail-yards, lashed at 
the top-mast-head close up to the rigging, under the 
collar of the stay, as the lower ones; and the blocks 
! on the yards lash under the fore-part of the yard, a$ 
j the lower ones, and reeve with a double tye, in large 
! ships, and w ith a single tve, like the lower, in smaR 
I " U MCk 
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ones. The standing parh of the double fyeselinch 
round the mast-head, then reeve through the double 
block upon the yard, and up again, and reeve through 
the block on each side of the mast-head. The blocks * 
are then spliced in their lower ends, and connected j 
by their haliafds to a single block, that is strapt « 
with a long strap, with a hook and thimble, that I 
hooks to a swivel eye-bolt in the channel on each j 
side; the leading part comes in through a block . 
lashed on each side; the foremost ones abaft the j 
forecastle, and the after ones on the quarter deck. 

Warping block is made of elm or ash board, 
shaped like the body of a bellows ; the sides or 
cheeks are inches broad, in the middle, and 
tapered to two inches broad at the ends ; the back 
or longest cheek, is sixteen inches long, and 7- 
eighths of an inch thick, with a hole bored through 
the upper end to receive a leathern strap ; the upper 
cheek is 12 inches long, and 7-eighths of an inch 
thick, except the lower end, which is I, 7-eighths 


inch thick, and forms the sheave-hole* Thte fdieave 
is 1, 1-fourth inch thick, and 7, 1-half inches in 
diameter, made of lignumvitae, coaked with brass; 
it is let into the cheeks one eighth of an iiioli, to 
prevent the yarn from getting between the sheave 
-and the cheeks. The checks are fastened together 
at the lower end with three screws and nuts: aid 
the pin, which is iron, is seven inches long, driven 
through the middle of the block, with a shoulder on 
the upper side, and clinched at the point ou the 
lower side of the shell ; the upper part of the pin is 
tapered small, and a wooden handle rivetted upoi 
it. The cheeks have a broad chamfer round the 
outer edges; the inside edges, and inside of the 
block above the sheave, are lined with thin iron 
neatly screwed on, to prevent the block from wear- 
ing. This block is finished in a neater manner than 
blocks in general, and is seldom used but by rope- 
makers, to warp off the yarn into hauls, for tarring. 






BOOK-BINDING. 


The art of Bookbinding, there can be little doubt, 
■dust be as ancient as that of writing books; for, 
whatever might be the substance on which the Work 
was written, some mode or other of uniting the parts 
became necessaiy. The earliest'method that we are 
acquainted with, is that of rolling the different parts 
•r sheets round cylinders. Phillatius, a learned 
Athenian, was either the inventor or improver of 
this mode of binding, his counttymen having erected 
a statue t6 his memoiy on that account. This method 
■onsisted of first glueing together the leaves, and 
then attaching them to cylinders, round which 
they were rolled, this is called Egyptian binding. 

The present manner of binding books is, however, 
of great *ntiqnity; some authors state it to be the 
invention of one of the Attali, kings of PergUmus, to 
Whom we are also indebted for the mode of prepar- 
ing parchment. 

Modern, or square binding, is of two kinds : the 
one particularly adapted to printed books, where 
leather forms the general covering, and the other 
more immediately applied to account books, where 
parchment or vellum is made use of as the outside 
covering* We shall begin with the former, and for 
*he purpose of rendering the subject as clear and in- 
telligible as the nature of it will allow, we shall ar- 


range it under different heads, beginning with H 
script ion of the tools. 

1st, The Standing Press, which is a large press, with 
its screw perpendicular, and similar to those usedb? 
paper-makers ; this is strongly fastened to the room 
in any convenient situation, its use being to press 
the books flat, in various stages of their progress. 

2d, The Cutting Press. Tuis is very different from 
the former, and consists of two cheeks, or beams, of 
about three feet in length, laying horizontally on a 
tub or frame; in the off cheek is cut two inside 
screws, and in the near cheek, exactly opposite, i* 
bored two cylindrical holes, near the ends, through 
which two wooden screws pass, and enter the nuts or 
inside screws in the off cheek. These screws are 
about eighteen inches long, having large head?, 
through which are bored at right angles to each 
other, two holes, for the purpose of introducing the 
press pin, bj which the books are pinched 'bet weeir 
the checks, Whatever, therefore, is to be put into 
this press, must not exceed in length the distance be- 
tween the two screws. On the upper side of the off 
cheek, and running lengthwise, are nailed two slip g > 
about an inch and half asunder, forming a groove or 
channel, in which the cutting plough is to run. 

3rd. The Plough. This, like the former, con- 

• * ijite 
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stats of two cheeks, made light and small, which are ! beat with the hammer in the right hand, taking care 
drawn together Dv a single screw. To one of its to change the book about, so as to beat the whole 

cheeks is affixed a knife, which lies flat upon the up- equally, and frequently changing the order of the 

per face of the cutting press. The mode of using it sheets eoas to present each sheet to the action of the 

s this: having placed tiic book intended to be cut hammer. When hooks are fresh printed gnat care 

ji the cutting pre^s, with as much of its leaves as must be taken not to heat them too hard, that the 

kou intend cutting away, rising above it, place the print from one page, may not set off on that which is 

plough in the groove, and open its cheek so much as opposite; and when there are prints, silver paper 

to let the point of the knife pass without cutting any should be placed before them, to prevent the same 

part o£L the book. Grasp with the right hand the thing happening; indeed, where the engravings are 

head, and with the left hand the other end of the valuable, they should not be put into the book until 

icrew, aud proceed to draw it towards, and push it it has been beaten. 

from you, shuffling the screw a little each time it 7th. 6 laid Knife, commonly a long spatula, or 

passes the book; and in this manner proceed until painter’s knife, which is used for cutting the gold 

the kniie has removed that part of the book which i9 leaf into proper sizes on the gold cushion, 
intended to be cut away. 8th. The Gold Cushion . This is made by lay- 

4th. The Sewing Press . The bed of the sew ing ing a quire of blotting, or other soft paper, on a flat 

press is commonly a piece of bard wood, about one board of the same size, and covering it with a piece 

inch thick, oue foot wide, and about two feet long. of rough calfskin. It should be kept carefully from 

A groove is cut through it, which extends near its grease, which is best done by rubbing some warm 
whole length, and about one inch in, from one of its ashes over it before it is used. r 

edges; this groove may be about three quarters of Oth. The Backing Hammer. For this purpose 
an inch wide. Into the bed is fixed two. wooden the common shoemaker's hammer is used, of the 
screws furnished with nuts, on that side the board largest size. 

in which the groove is made, and as near the ends as 10th. Ivory or Bone Knife , for folding or cut- 
is consistent with strength, and the centre of the ting paper. 

•crews agreeing with the centre of the groove; a Iltli. Pressing Boards , are flat boards made of 
piece of wood is then fitted on the screws, having w r ell seasoned beech, the small ones being about 5i 

two holes in its ends, of sufficient size to admit of eighths of an inch thick, and the large ones one inch, 

its sliding freely up and down on the threads of the The sizes depend on the books they are intended 

screws. The middle of this bar is turned round, to press, aud therefore, are known by the same 

leaving the ends flat, for the purpose of making the name, as octavo boards, quarto boards, &c. 

holes; and, as the bar rests upon the nuts, it rises 12th. Culling Boards , are slips of feather edged 
or sinks with them. Its use is to stretch the cords board, thinner oue side than the other, the thick 

or bands to which the sheet^or sections of a .book are side being from one half to one inch, which is re- 

sewn. To perform this, fasten one end of the cord duced half on the thin side. 

13th. Backing Boards. These arc the same aft 
the cutting boards, with this difference, that they 
are a little levelled on the thick, or Upper edge, in 
order to make the groove which they are intended 
to form, sharper. 

TOOLS FOR FINISHING On LAYING ON THE GOLft*. 

14th. Rolls , These are brass wheels of various 
thicknesses, having different figures and designs en- 
graved, or rather embossed on their edges. They^ 
are mounted on a spill of iron, terminating on two 
cheeks, through which a hole is made to receive the 
pin on which the roll turns; the spill is driven into 
a long wooden handle, which, when used, rests 
against the shoulder ; they are Used for rolling tho 
bands on the backs and sides of books. 

15th. Pallets are pieces of brass pf about two 
inches long, set in a handle, and engraved like the 
former. 1 ney are much less expensive, but do no{ 
make the same dispatch, and they are only applica* 
j ble to the backs of books. 

| ICth. Back tools , are buttons of brass, of various 
• sizes, set in handles, and cut or embossed with vari- 
I] ous devices, such as flowers, &t?rs, &c. 

? 17th. 


to the bar, and the other end to a small key, first 
passing the cord down through the groove ; proceed 
to fasten the number of bands required (which is six 
for folios, and five for nuartos and smaller sizes) in 
the same manner, and bring the whole to a proper 
degree of tightness, by means of the two nuts, which 
force the bar up from the bed of the press. 

5th. The Beating Stone is commonly fourteen or 
fifteen inches square on the upper surface, which is 
required to be smooth. The stone should be hard 
and sound, and of considerable thickness. It. is ge- 
nerally placed in a barrel nearly filled with sand, 
which keeps it from springing. 

6th. The Beating Hammer . A short heavy 
hammer, sometimes twelve or fourteen pounds, re- 
sembling in some measure the shoemakers' hammer, 
having a smooth and convex or round face, the han- 
dle being about six inches long. Its use is to beat 
the book until it becomes solid, flat, and smooth ; to 
perform which, about one hundred pages are laid on 
the beating stone at a time, and held by the corner, 
firmly, between the finger and thumb of the lefi 
band, to prevent the sheets shifting, whilst they are 
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t7th. Alphabets of 'ditto rent sizes, all of brass,', 
for lettering the backs of books : they are distin- 
guished by octavo, qrirto, and folio alphabets, ac- 
cording to their size. The manner of usir.g the 
finishing tools trill be given when wc treat of that 
part of the art. 

Books are sent from the printer in quires ; the 
sheets are then folded into a certain number of 
leaves, according to the form in which the book is 
to appear, viz. — two leaves for folio, four for 
quarto, eight for octavo, twelve for duodecimo, &c. 
This is done with the ivory knife or folder, and in 
the arrangement of the sheets, the workman is di- | 
reeled by the catchword and signature at the bottom j 
of the pa<*es. Great care should be taken in the ji 
folding ofa book, as its beauty will be much injured 
by any inattention to this particular; for when cut, 
the margin will appear unequal, and in books with 
small margins, there is some dagger of cutting the 
print. When the leaves are thus folded, they are I 
next beaten, as before described, find the blank j 
paper at beginning and end being added, each book ! 
is divided into small parcels, between each of which, J| 
a pressing board is to be placed, and the whole put 
into the standing press, where they should remain j 
for some hours. 

When the sewing press is prepared with bands or 
cords, according to the foregoing directions, the 
bocks arc taken from the standing press, and placed 
upon the table or bench, with the title-page up- 
wards. The bands are now to be adjusted, which is 
done by keeping them at an equal distance from 
oach other, allowing tit# distance between that band 
next the head of the book, to bo somewhat greater 
than the distance between themselves, and the dis- 
tance of the band, which is next the tail or bottom of 
the book, to be greater than either. It should here 
be observed, that when the bands are meant to pro- 
ject, as is sometimes the case, they are suffered to 
lie on the surface of the b?ck, but when the back is 
intended to be fair and smooth, grooves are cut in 
the back, by screwing the hook in the cutting press, 
and making a saw-carf for the bands to lie in ; in 
either case the mode of proceeding is as follows ; 
Jay the blank leaf section on the bed of the sewing 

) >r£ss, with its head from you, and having put the 
eft hand into the middle of the section, w ith which j 
•you must keep it against the cords, pass wit!* the j 
right hand the needle through the middle of the j 
$:ct:o«, about one inch from the Iu?ad, turn it round 
tiie first baud and go to the second, and so on to the 
last, and finally, bring the needle out about one 
yuch and half from the bottom. This fixes the first 
©r blink leaf section. Tie second, or title sheet 
Is proceeded with in the same way, only changing 
the direction of the work, this being from tail to 
liecd, ami the formef from head to tail; but as the 
bhek w ould be too much swollen with the thread, 
wtri each set or sheet sewn throughout (unless in 


cases where the section or sheets are thick,) \i U 
necessary to sew on two or three sheets in once pass- 
ing from head to tail, by taking one stitch in the 
first sheet laid down, and placing a bit of card in the 
middle of the sheet before the left hand is withdrawn, 
in order to find it again with readiness ; then la? 
down a second sheet and make the second stitch «a 
this, just as iftbe first had been continued, withdraw 
the hand from this, and place a card as before; then 
return to the first sheet and make the third stitch, 
and again return to the second sheet, and so on al- 
ternately till you reach the end, which is called the 
kettle stitch. The last two or three sheets should 
be sewn all through like the first, as the beginning 
and end of a book serving for the hinge of the coven, 
require more strength. If three or more sheets are 
sewn on, the same method is pursued. A little 
paste should be rubbed along between the first and 
second sheet, to attach them more firmly together. 
Care should be taken not to draw too hard on the 
thread at the kettle-stitch, which would make the 
book thinner there than elsewhere. 

Before the book is glued, stand the book on the 
table with its back uppermost, supporting it between 
the two hands and with the thumbs, o|>en andadjust 
the sets, so as to make it equally thick on all parts; 
then knock tlie back even and flat by turning it down- 
wards and striking it smartly on the table, while it 
is held firm between the hands. Hold the book in tin 
left hand, with the back upwards, and withabru<h 
glue the back even and well, with glue of a tolerable 
consistence. This should always be done near the 
fire in cold weather, as the glue is apt to lie chilled, 
in which case it will not take soft! cent hold on the 
paper. After the books are glued they must not be 
dried too hastily a3 that would render the glue to# 
crisp. When the glue is sufficiently dry, paste the 
first and second leaves of the end or blank paper to- 
gether, and with a bltfnt knife, after having untwist- 
ed: the cords or bands, scrape them to a point; then, 
with the backing hammer, round the back by laying 
the book on its side with its hack from you, hammer* 
ing gently on the edge of the b ick, while the hand 
draws the upper part of the book towards you; then 
turn the book and repeat the same on the other side. 
By this means the back is rounded and prepared for 
backing, or in other words, for forming a groove or 
shoulderfor the paste-board sides of the book to Iiein; 
to accomplish which, having placed the upperor thick 
edge of a backing hoard about one eighth of an inch 
from the back, with the cords or bands free, turn 
the book and place another backing board on tw 
other side m the same manner, holding the boo* 
firm between the fingers and thumb of the left hand, 
and taking great care that the boards do not slip, j° 
prevent which, wet them a little with the tongue; in 
this position, with the book suspended between the lin- 
gers and thumb of the left hand, drop it between l"® 
cheeks of the cutting press, and screw it up with ^ 
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right hand, lettffig it rise a very little above the i great care (o keep the book from shifting. Then 
surface of the press; examine .whether the boards drop it between the cheeks of the press, which when 
and back keep their position ; then, with the press j I done and the screws are pressed gently upon it, force 
pin, screw the took up as tight as possible, and j| it down till the runner, 0rfidirt board, comes exact- 
vvith the backing hammer beat the back round gnd j| ly even with the surfarts (^ ilqjpreFS, (lie back hoard 
even, causing it to spread as much as possible, and \\ rising as much above it us'nml part of tie lea\cs of 
thereby forming the grooves for the reception of the the book intended to be cut away, and proceed to 
boards. * ( cut it as before described. i To cut the head and 

The pa6tc-boards being roughly cut w ith shears I tail, the boards must be drawn as far down from the 
to something like the size, are cut to a proper width j head, as the bands will admit. Then place the 
before they are put on the book, w ith the plough, to I cutting beards as before, having previously marked 
ascertain which, take the width of the book by j on the paste boards, with a square, the quantity 
placing one foot of the compasses close against the j intended to be cut away ; and cut through boards 
shoulder of the groove, and extend the other foot to- and all. To cut the tail of the book, draw the boards 
wards the fore-edge, piercing two or three leaves ! from the tail towards the head, and proceed as be- 
with it, in order to ascertain how much it is neces- ! fore. This is called cutting in boards . To cut out 
sary to cutaway ; then allow as much more in width 1 of boards, which is the way in winch all school books 
as you desire the boards should project beyond the are done, the fore-edges of as many as can to con- 
book, mark it on them, and proceed to cut them veniently held in the hand, are cut before the backs 
with the plough. Place a paste-board on each side are rounded, after which they are rounded, backed, 
the book, and with the bodkin, scratch where the and boarded, when they are again put into the stand- 
bands come, then lay the hoards singly on a block ing press, and suffered to remain for some hours, 
and with the hammer and bodkin make tw o holes and then taken out and the heads and tails cut as 
to each scratch, one atout one quarter of an inch other books ; but the paste-boards not having been 

from the edge, and the other half an inch farther in. cut to the proper width, previous to tlreir being put 

With a little paste between the finger and thumb rub on, are then cut, allow ing a proper square, by means 

the bands to a point, and pass them in through the of a large pair of shears, like those used by tinmen, 

first, and ouV through the second hole, and then „\]1 kinds of account books are sewed on slips of 
draw them as close home as possible, cutting off the parchment or vellum, and after being glued, tne 
endsof the bands to about half an inch in length, rub edges are cut, and coloured, and then the boards put 

the ends with a little more paste, and lay the board to them by pasting the board to the first blank leaf, 

lint on the edge of the press, hammering smartly on jt in d the ends of the slips of parchment on which the 
the bands to close the holes on them audio make j: book is sewn. 

them fiat and smooth. \\ To return to the printed book ; the edges must 

The book being now in boards, w ith a fine point jj now be coloured, and having cut away a very 
or knife, mark where the boards come on the side u small bit of the four corners of the paste-boards, next 
near the fore-edge. The next step is to cut the edges; the back, it w ill be ready for Ju ad-banding, a name 
beginning with the fore-edge, which is concave given to the small rope of coloured silk or worsted 
or hollov/. This operation, though difficult to des- w hich is put at the head and tail of the back, the 

eribe, is nevertheless very simple. To perform it, mode of doing which is, to roll paper under a board 

the buck, which is now round, is made fiat by intro- to the 4 required size having, previously pasted it, and 

during^ pieces of thin iron 4 or 5 inches long near having taken a piece of it of a proper length for 

the head and tail of the book, between the paste-board the book, (which must be fixed in the end ot the 

and the back; the ends of the iron resting on the in- press) w itli a needle and silk of one or two coloursas 

side of the boards, and the back on the middle, the is desired, pierce the back at one corner and bring it 

boards standing out from the book at right angles, round the roll of paper, and having fixed the roll, 

forming a figure somew hat resembling the letter 1, . tw ist the different colours of the silk alternately 

the stem of the letter representing the leaves, and the round the band or roll, crossing the one over the 
arms, the boards. In this position the leaves are other as you change them, and fastening it occasion- 
pressed betw een the fiat of both hands, and the Look ; ally ns you proceed by repiercing the back w ith the 
struck upon the flat of the cutting press so us to take 1 needle. The hack must now receive another coat of 
the round out of the back. Two cutting boards are glue, and be lined with cartridge or other paper in 
now applied, one before and the other behind, bring- order to render it smooth and to fix the head-bands, 

ingtl&e front one, or runner, up so near to the mark, To cover it, you must wet tho leather first, und ha- 

which was before described, as to leave the boards a ving pressed the water well out, lay it on a paste- 

sufficient square or projection beyond the leaves of board, avoiding touching it with steel or iron, as 
the book; then raise the book, by pressing the that will turn it instantly black; and having cut itto 

boards tot ween the fingers and thumb of the left the size required, pare the edges thin on a piece of 

hand, slipping out the irons as you raise it, but taking marble or other smooth stone, with the common 

X shoe- makers 
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shoe-makers paring knife, cutting from tho rough or 
flesh side of the leather; when thus prepared, unste 
it evenly over with good paste, and laving the book 
on its side on it, bring the* leather. as tight over ike 
sides as you can, turn tho edges in, making the cor- 
ners as neat and Hat as possible, by cutting away all 
the leather which projects beyond the corner of the 
•board, and doubling one over the other by stretching 
the leather a little setting and patting the leather 
close as you proceed. ’After this lay the book again 
on jts side, and rub the leather smooth with the edge 
*>f the ivory folder or paper knife, drawing the lea- 
ther up over the head-bands, and setting it in, square 
and neat on them, and tye twine or thread round 
the book to nick in the leather by the ends of the 
•bead-bands. In drying it, set it with its back to- 
wards the fire on a clean board at some distance 
from it, (or, if in summer, in the sun) till the back is 
nearly dry, which is known by the leather assuming 
its primitivecolour ; as soon as this is perceived to 
be the case, witli a folder, rub the back up and 
down, whilst warm, and the glue being softened by 
the water of the paste and the heat, attaches the 
leather strongly to the back; whilst the superfluous 
quantity, if any, is driven out at the head-bands, from 
which it must be removed w ith care, that they may 
not -.utter injury from it. 

Great cave should be taken if books are dried hv 
the lire, not to place them too near it, as the glue is 
very apt to show through the leather, and the books 
should frequently be examined, le*t they should get 
too dry for setting. It should here be observed, 
that if the book is to be bound in rough calf, /. c . 
with the flesh side of the leather outward, it should 
not be wetted, but pasted on the grain side, and 
suffered to lie till sufficiently softened. Tiie next 
stage is to marble, colour, or spot the sides and 
. back, directions for which, and for colouring the 
edges, will be found at the end of this treatise, with 
“the manner of preparing the colours. After the 
back is marbled or stained, it is ready for the let- 
tering piece on the back. Take a piece of morocco, 
and proceed to strip or divide the grain from the 
flesh side, as follows ; having cut through the grain 
or coloured side, in an oblique direction, with a 
knife, raise it with your nail so as to take hold of it, 
then by pulling the one from the other, it will render 
it thin and fit for your purpose. It is to be obser- 
ved, however, that some parts of a skin of morocco 
are more difficult to separate tlian others, particular- 
ly near the neck ; these parts will therefore be best 
reserved for other purposes, or they may be pared 
to a proper thickness. The back of your book being 
diviaed, with a pair of compasses, into seven com- 
partments, allowing a large one for that next the tail, 
proceed to put on the lettering piece by cutting a 
piece of the thin morocco of the proper size, and, 
paring its edges on the paring stone witli a very 
sharp knife, and having pasted it well, apply it to 


the back and tub it well into contact \ My laying a 
piece of paper over it, and rubbing it well dawn 
with the folding stick. .It should have been remar- 
ked, that after dividing the back into compartment* 
with the points of the compasses, in order to haven 
guide in rolling the bands on the back in finishing, 
a piece of paper, previously doubled many time?, 
is laid across the back where the points of thfc 
compasses have marked, holding it down w ith the 
tingvrsnnd thumb against the sides of the book, and 
marking by its edge on the back with a folder. The 
book is now ready for gilding or, as it is colled, 'finish* 
///o'. The- back and sides of the book are now to re- 
ceive three coats ofglaire, which is made by beating 
the whites of eggs, with about two drops of sweet oil 
to each, until they are quitethin; this is best done by 
splitting a small piece of cane or stick, six inches 
long, and nutting through it, at right angles with it, 
bits of quill; by immersing this in the cup, and roll- 
ing it round briskly between the palms oi the hands, 
the eggs will soon lose tbeir ropiness and be fit for 
use. Let each coat dry before another is put on. 
When the last coat of glaire is dry, rub the back 
with a greasy or oily nig; and having laid a sheet of 
gold on the cushion, and divided it into strips suffi- 
cient to cover the back, lay the back on it gently, 
and the gold will attach to it ; then turn the back up, 
and press it into contact with a little cotton wool. 

As the handling of gold is a matter of great nicety, 
and requires a great deal of practice to do it well, 
wc shall describe the proper manner as near w 
possible, and give such cautions as are necessaij. 
books of gold contain 20 leaves, and that sort 
which is used by binders, is called deep gold, ex- 
cept for gilding the edges of books or paper, when 
pale gold is often used, being somewhat cheaper. 
Lay the book of gold on the cushion, and open with 
the left hand the first leaf, about halfway, by doub- 
ling back the first paper loaf, pressing at the same 
time with the fingers of the left hand to keep the 
other part9 of the book still; then blow gently 
against the fore-edge of the book ©f gold, which 
will cause the first leaf of gold to rise and turn itsell 
back on the half leaf of paper, the other part of the 
leaf of gold being kept firm by the remainder of 
the leaf of paper; you must now place the goW 
knife flat on that part of the book from which the gold 
was blown, by blowing in a contrary direction, fo 
as to drive it into its former situation ; the knife now 
being under it, the paper is to be removed nnd the 
gold raised on the knife, and floated gently through 
the air by waving the hand, and deposited flat on the 
cushion. You must avoid touching the gold or the 
knife with the hand, as the least grease will cause it 
to stick. After the gold is placed on the cushion, to 
cut it, you must first place the edge of the knife firm- 
ly and steadily on the gold without drawing 1 
either way, then draw the knife once forwards an 
backwards keeping it in the same direction an 
1 & pressing 
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pressing* -prett y Kttd -on it, this will divide -the gold i 
without crumpling it, J 

When .the hook is to be full gilt, or what is termed j 
extra ,. it is common to gild the hack all over ill the 
manner before described, and work the tools on it : 
but when it is to be less finished, called calf neat, 
or hatf extra, t lie lettering piece alone is covered 
with gold, and the bands rolled by laying, or rather 
.taking upon the roll, strips of gold, by rubbing the 
edge of the roll when hot all over with the oH rag, 
and preying it gently on the gold, which is previous- 
ly cut to the proper width on the gold cushion. The 
proper degree of heat which the tools ought to be of, 
is generally known by wetting the finger in the 
mouth, and applying it to the tool; if it frizz a little 
while, it is considered a proper heat, but if the spittle 
suddenly run off, or disappear, the tool is too hot ; 
it must however be allowed that this is a very vague 
maimer of judging, and a little experience is the only 
mode by which it is to be ascertained. 

In lettering books, which is the first thing done 
towards finishing, screw them in the cutting press 
with their heads from you, and the tail inclining a 
little downwards ; and having fixed on the words, 
select the letters and place them to the fire, seven 
or eight at a time ; you must now consider how far 
asunder they ought to be kept, so as to fill the line, 
take then two or three of the letters from the fire, 
and having ascertained whether they are of a prop- 
er heat, rest the elbow of the left hand on the press, 
leaning the body forward over the book, raising the 
left hand, so as to steady the right which grasps the 
letter, then breathe on the gold, and firmly imprint 
the letter in its proper place. You may mark the 
line as a guide, to keep the letters straight on the 
lettering piece, previously to laying on the gold ; 
but this is only necessary for beginners. All the 
back tools and pallets are used in the same manner 
as letters. 

' The manner of using the rolls, is too obvious to 
require any other instruction, than what has already 
been given. 

The gold is now to be cleaned away by rubbing it 
with an oil rag, which done, it must be polished with 
the polishing iron. This tool is a round piece of 
iron, 4 or 5 inches long, a little swelling inthe middle, 
and polished on one side, out of the upper side pro- 
ceeds a spill, to which is affixed a long wooden 
handle, which* when used, rests against the shoulder; 
before used, it is heated pretty warm and rubbed 
upon an old leather back, on which some fine ashes 
are occasionally thrown, to clean and polish it ; in 
this state it is rubbed over the back and sides of the 
book, which require to be lightly touched with the 
oil rag, during the operation. Extra work is some- 
times pressed again between horns, which gives it 
a 0101*0 exquisite polish. 

MISCELLANEOUS OBSERVATIONS. 

All stationary work is sew n w ith strong waxed 


thread, and as the vellum or parclunent is never at- 
tached to the back like leather, but lies hollow and 
loose when tiie book is open, it cannot of course 
afford that security to the back, which leather doe*: 
it. is therefore common to line the back between the 
slips, with coarse canvas or slips of leather, letting 
them come as much over the sides, as to pa>te down 
with the boards and slips. The boards for stationary 
are not so thick in proportion as for printed work* 
and, when put on, are placed at least half an inch 
from the buck. O.i each side the parchment slips 
which books are sewn upon, you must cut with sciss- 
ars a very narrow strip, which is not to be pasted 
dow n, but left lor the purpose of drawing through 
the parchment when the cover is applied, and serv- 
ing to attach the cover, before it is pasted to the 
boards. Parchment or V ellum covers should always 
be lined lielore they are put on, and applied before 
they are quite dry. The edges of stationary work 
are most commonly sprinkled, aud not burnished ; but 
printed books, whether sprinkled or coloured, are 
burnished with a dog’s tooth, or agate, set in a long 
handle, and the leaves of the book being screwed 
tight between boards in the cutting press, are rub- 
bed over with them till they liave acquired a gloss. 

In warm weather, gild but a few backs at a 
time before finishing, otherwise they will get too diy. 

All extra binding is rolled round the sides of the 
cover, both within and without, and the head-band 
is gcuerally a double one ; it is also usual to put a 
register of coloured ribbon, which must be pasted 
in before the leather back is put on. It is nowr 
very common to give an artificial kind of grain 
to the backs of russiaand calf books; this is done by 
pressing them between boards, cut for the purpose. 

Russia leathtr r being harsh, should be w ell soaked 
for half an hour in water, and beat, and rolled, before 
used. 

Morocco ) requires less glaire for finishing than 
other leather, and is only rubbed well with a piece 
of rough calf skin. Polishing with the polishing 
iron, spoils the grain and destroys its colour. 

Rou^h Calf nooks are finished with hot tools 
without gold ; the tools should be heated a little hot- 
ter for the purpose. Keep your gold free from ^ 
damp, as it spoils it. 

A charcoal stove, similar to that used by tinmen, 
is preferable to a coal fire, as the letters and tools 
suffer less from the former than the latter; another 
advantage is, that it may be placed near the 
work. 

In rolling the bands on the back, the book should 
be held against a beard, which is screwed firmly 
in the cutting press, and projecting nearly the 
height of the book above it. 

All extra books have marble paper at beginning 
and end, besides blank leaves, which when pasted 
to the cover, is rubbed into the joint neatly, and. 

. suffered to dry whilst tfie book is open. 

Before 
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Before gilding r«s*ia leather, Mash the cover 
once with scrum of bullocks blood; this gives it a 
proper gloss, and prepares it better for receiving 
the gold. 

Calf should be glaired three times, and sheep 
twice, before gilding or polishing. 

When quarto plates are to be put into an octavo 
book, the plate should be neatly doubled in the 
middle, with its face inwards, an<i a small slip of 
paper about an inch wide, affixed to the back, half 
of \\hieh is pasted to the front, and the other half 
left projecting beyond it, to affix it to the book ; 
this is called guarding. 

As it sometimes happens, that port- folios for prints 
are wanted of a larger size than paste-hoards are 
commonly made, the way to obviate this difficulty is 
to make each cover of two layers of boards, by 
bringing the joints of one layer, over the middle of 
the boards which form the other layer, cr as it is 
called by bricklayers and masons, breaking tic* 
joints : by this contrivance, boards may be formed of 
any size required. You must lay the boards on an 
even floor whilst they arc dry ing, placing pa 40- 
boards and other heavy substances oil them, ns t!r»y 
Ure of course tbo large for the press. 

\ very good kind of paper for covering memoran- 
dum and copy books, may be made by mixing with 
paste any cheap colour, and going over any printed 
i>r waste paper with it, then with a comb or piece 
of flat wood broken across the grain, wave it over 
the colour, and han£ it up to dry. In boiling pa4e, 
ndd a little poundedjahim to the flour and water 
before you boil it; and always boil it as thick as 
V:mi can, as it keeps much better, and can be thinned 
by adding wafer as you want it. 

.Always keep good old gl a ire for finishing, as it 
produces better impressions of the tools, and gives 
the gold a bettor colour. 

It is a proper thing to keep a second plough, with 
• r :n old knife m it, for cutting the paste boards, other- 
wise your knife will never be in order, and will cut 
the edges rough. 

Mix a little paste with your common colours, 
for sprinkling and colouring the edges, to bind 
them. 

Too much attention cannot be given to the qua- 
lity of the thread for sewing the bocks; to bo 
good, it should be strong and not too hard twisted, 
which common thread* generally are. Keep thread 
and si!k alv/avs well secured from the air. Some- 
times raided hair!* are put on book-, which have 
been sewed for ti ft or fiir backs, this is best done 
hv slips of p.Ke board, uv vellum, many times 
doubled, cat in square *!♦». and glued to the back : 
which gi\e> a verv neat effict, if the sharpness and 
sufimvw-* of the artificial bands i* preserved after 
tiie kvitl.ee is put on. pnnicnlarly if the band* are j 
gi\ea a different colour from that of the back, ai.d j 
tooled i) ailv. S.nnetim?* head-band-, instead or * 

*• i 


being round, are square ; the same materials an 
made use of for them, as for the bands of backs. In 
half bound books, parchment corners are preferable 
to leather ones, a9 tfiey resist blows better, and are 
less troublesome. Before lining your parchment 
covers for stationary, spunge them with water and 
lay them one on the other, with a weight on them 
to soften. 

INSTRUCTIONS FOR MARBLING AND SPRINKLING 
* THE SIDES OF BOOKS. 

I jet the book lie jmt betw een two wands or dips 
of w ood, with their ends resting on boxes or am 
other thing that w ill keep the books at a sufficient 
or convenient height from the floor, inclining the 
j book in any wav t hat you would have the marble 
| run, which will ever follow the direction that the 
! book is inclined to; but should it lie wished that 
[ the marble be of the tree kind, having a centre or 
I stern, it is casilv done bv landing each side of the 

* book in the middle, forming a kind of shoot or 
! gutter, so that the waiter or colour being thrown ou, 
| runs first from the sides to the centre, and then 
j through this gutter to the tail of the book, forming 
| a marble somewhat resembling a tree. ^ Let a sulh- 
i cient quantity of each colour lie taken out of the 
j bottle*, in open cup*, with a common painters dirt- 
| ir-g brush for each, of a siz*> proportioned totliequnn- 
j tity of colour required ; provide also a large pan of 
j clear water, w ith a large piece of sponge iu it for 
I washing away the colours when they have remained 
j a sufficient time on the cover. livery thing being 
j thus prepared, throw on water with a hunch ot 
! quills tied together by the feather ends into a kind cf 

brush, in large splashes, by dipping the quills in 
the water and knocking them gently against tlicirou 
pres* pin, which is held in the left hand, then taken 
small quantity. of any of the colours as hereafter di- 
rected, on your brush, and having knocked out the 
superfluous colour by striking it lightly against the 
j press pin, holding it over the cup, from which you 
| took it, then hold the press pin over the book, and 
strike the brush, so as to let the colour fall in a kind 

• of rain on the cover of the book : and so proceed with 
' all the colour*, follow ing the one upon the other a* 

quick a* possible, that the whole may run together: 
then with the sjxmge and w ater wipe them lightlj 
i over, and stand them on their ends to dry. 

> I f the book is to be spotted or sprinkled, it should 
’ lie kept flat, not inclining either wav ; but should you 
wi*h to have it splashed or mottled, a small degree 
of inclination may lie given to the book, to induce the 
colour* to run together, which sometimes has the 
i nippiest effect. 

i To sprinkle the sides or edges of books the pre- 
cess is the same, Iminga stiff hairbrush cut on 
1 square at the end:*: you dipit in the colour, aw' 
!.« .'filing it in the lift hand, rub over the ends of the 
; but- 1 ] Lie folder or ivory knife, this cause* the colour 

: tn fill on in wivOt 8t* tkr 
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brush is more or less charged with colour. 

Let your brushes and sponges be always used for 
the same colour, and never add spirit to colours 
till they are about to be used. Always wash out the 
brushes and sponges in pure water after using, other- 
wise they w ill be soon destroyed. 

RECEIPTS FOR MARBLING AND STAINING THE 
BACKS AND ST DBS OF BOOKS. 

Black . Boil half a pound of copperas, in two 
quarts of soft water ; wnen a good black and settled, 
put it into a clean bottle for use. 

Brown . Haif a pound of the best potash, dissol- 
ved in one quart of rain w ater, and when clear bot- 
tle' it for use. 

Vitriol water . One ounce of the best oil of vitriol, 
tnixed with three ounces of water ; boil it for use. 

Vinegar black . Steep iron filings in vinegar or 
table beer, for twenty-four hours; then give them a 
quick boil on the fire, and when settled, strain and 
bottle the liquid for use. 

Dark sprinkle . Wash the cover of the book with 
a sponge and very weak potash water, and immedi- 
ately place it between w r ands or sticks, letting the 
leaves of the book drop between them, whilst the 
covers remain extended flat, and sprinkle them very 
fine and* dark* with the copperas. 

Another beautiful sprinkle may be done by giving 
in addition to the dark sprinkle, a sprinkle of brown 
and vitriol w ater. 

Common marble . Wash the cover with weak 
potash water, and give it a coat of glaire made with 
whites of eggs ; When the cover is drv, put the book 
betweeirthe wands, throw on water, with a bunch of 
qnills, in all directions, and immediately sprinkle 
with the copperas water and brown ; let the marble 
remain a few minute^ and then wash it w ith a clean 
sponge and water. 

Another marble. Wash the cover with strong 
potash* water; glaire it, throw on water, use the 
vinegar black, and lastly throw on a fine sprinkle of 
vitriol 'Water, which will be a great addition to the 
marble. 

A marble in the form of trees may be made by 
bending the boards in the centre, after their being 
glaired and washed as before directed. 

It ed spots. Aqua regia. Mix, in a quart bottle, 
two ounces of the best double aqua fortis ; one table 
spoonftjl of spirits of salts ; half an ounce of grain 
tin, and four ounces of ram water. The whole must 
remaiirtwenty-four hours before using. 

Black the cover ofthe book with copperas water, 
and when dry give it a coat of brazil red. Mix a lit- 
tle aqua regia and dry brazil together, and when set- 
tled, spot the cover, when betweeir the wands, with 
the red liquid: When the spots are perfectly dry, 
wash J the cover with a sponge and water. 

Yellow spots: Black the cover 0f the book, and ! 
when diy, put it between the (wands. • Mix aqua 
regia and turmeric 4 together, and when settled throw ^ 
on large, or small yellow spots. 


I j Red and Yellow spots. Black the cover, throw on 

! the yellow spots, and when diy, throw on small 
| spots of liquid red. Wash the cover with a dean 
j; sponge and water. Mix no more colours with the 
! spirit than what are wanted for immediate use, as it 
destroys the colour. 

Transparent marble. Marble the boards of the 
book with a tree down each centre, place it between 
the wands, and put on each board an oval, made of 
a thin niece < f press paper, ,with a piece of lead on 
each. Black the cover on the outer parts ofthe oval r 
and when dir, go over the same with strong brazil 
water. Throw on red spots, let them dry, then re- 
move the ovals ; wash the cover, where the red spots 
are, with a clean sponge and water. Colour tjic 
inside of the oval with the following liquid, which 
will have a beautiful effect. Mix an ounce of spirits 
of wine and a table-spoonful of powdered turmeric 
together, in a bottle; shake the liquid well, and let 
it settle before using. 

Give the ovals two fine coats of the liquid, with a 
camel’s hair brush, and when done, cork up the bot- 
tle to prevent evaporation. 

Egyptian marble . Before covering the book, 
colour the leather with Scott’s liquid blue, and im- 
merse in water, to extract the spirit. When the 
cover has been half an hour in the water, take it out 
and lay it between pieces of brown paper till almost 
dry. Cover the book, place it at a little distance 
from the fire till perfectly dry, and gfaire it. PiiC 
the book between w ands, throw thereon potash water 
with a bunch of quills, and, lastly, a fine sprinkle of 
the vinegar black. The book must remain till near- 
ly dry, and be washed with a sponge and water. 

Purple marble. After the book is covered and 
dry, colour the cover with strong hot purple liquid, 
tw o or three times. Glaire the cover when dry, 
and put the book between wands; throw on water 
with quills, and sprinkle it with strong Vitriol water, 
which will produce bright red veins. After the « 
colours are air, wash them with a sponge and water. 

Stone marble . Glaire the cover, and when dry, 
put the book into the cutting press with the boards 
sloping, to cause the colours to run gently doyvn. t 
Throw on copperas water freely, with a brush, dip a 
sponge into the strong potash water, and press it out 
on different parts ofthe back, so that the colour may 
run down each side; whefre the brown has left a 
vacancy, apply vitriol water in the same manner. 
Let the book remain till the colours are perfectly 
dry, then wash the cover. 

Rice marble. Colour the cover with spirits of 
wine and turmeric, put the book between wands, 
and throw on rice very regular. Throw on a fine 
sprinkle of copperas water, till the cover is nearly 
black, and Tet it diy. The cover may be spotted 
with red liquid or potash water, before the rice is 
thrown off. . 

Chinese motile: Colour the cover of the book 
With a dark brown, and put it between wands ; mix 

Y whiting 
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whiting and water of at hick consistency, and throw 
it on in spots or streaks, which roust remain till dry. 
Spot or sprinkle the cover with liquid blue, and 
lastly, throw on large spots of the liquid red. The 
colours must be dry before washing off the whiting. 

Another marble. Black the cover with copjieras 
water, let it dry, and give it two coats of strong brazil 
water. Throw on whiting as above-mentioned, 
and give the cover a bold sprinkle with the red 
liquid. 

Red marble . Before covering the l>ook, it will be 
necessary to spunge the cover well with lime water, 
and dry it in brown paper. 

Boil, on a slow fire, one ounce of brazil dust ; a 
tea-spoonful of powdered cochineal; a little alum, 
and halfa-pint of the best vinegar, till the whole 
produce a bright red. 

Colour the cover two or three times over, while 
the liquid is hot, and then immerse it in alum and 
water, previously dissolved. Cover the book in the 
usual manner, and let it be perfectly dry. Giaire the 
cover, and put the book between wands; throw on 
potash water with quills, and sprinkle with vinegar 
black. 

A few drops of aqua regia may be put into the 
liouid before colouring the cover, which will give it 
u brighter and more permanent red. 

H ainscot marble . Colour the cover with strong 
brown, giaire it, and place the book in the cutting 
press or wands, havings the boards flat and even. 
Throw on water till every part of the boards is cover- 
ed. Take a sufficient quantity of copperas water in 
the brush, and dash it on the boards freely ; do the 
same with potash water, and lastly a bold sprinkle 
of vitriol water. This marble will have a fine 
effect, when great attention and care is paid thereto. 

Japan colouring. After the book is covered and 
diy, colour the cover with potash water, give it two 
good coats of brazil wash, and giaire it. Put the 
book between wands, allowing the boards to slope a 
little. Dash on copperas water, then with a sponge 
full of liquid red , press out on the back, and on dif- 
ferent parts, large drops, which will run down each 
board, and make a fine shaded red. When the cover 
* is diy, wash it over two or three times with brazil 
wash, to give it a brighter colour. 

Green shade. In addition to the stone marble be- 
fore mentioned, use Scott’s liquid blue in the same 
manner as the other colours, before finishing the 
marble with vitriol water. 

In every recipe for marbling, be careful to let the 
colours have time to diy, as they then will have their 
full effect, and shew their brightness to great advan- 

^Then the backs are intended to be of one colour, 
which is very fashionable, and shews the gold to the 
greatest advantage, a piece of thin pasteboard must 
be put thereon, previous to marbling, colouring, &c. 
which will prevent the backs receiving any colour. 


The following will be found to answer that pur- 
pose. 

Green. Colour the back twice with Scott’s liquid 
blue, when dry, wash it two or three times with 
sponge and water. 

Purple. Rub the strong purple wash well on the 
back, near the fire, three or four times, and wash it, 
when dry, 'with clear vrater. 

Blue. Colour the back with copperas water, and 
give it two coats of liquid blue. 

Brown. Colour the backs with strong potash 
water. 

Lead colour . Colour the back with very weak 
copperas water, or give it a coat of copperas and 
polash water mixed. 

The backs being so coloured, there will be no oc« 
casion for coloured lettering pieces, or pieces for the 
number of volumes. All these are laid on with a 
sponge. 

RECEIPTS FOR COLOURING EDGES OF BOOKS, &C. 

Blue. Two ounces of fine powdered indigo, dis- 
solved in two ounces of double oil of vitriol, and a 
tea-spooufull of spirits of salts. 

This liquid must be kept in an open earthen vessel, 
and remain for a week before it is used ; when a lit- 
tle 19 reduced with water, it will make a beautiful 
sprinkle for the edges. 

Green. Two ounees of French berries, and a 
little alum, boiled in a pint of rain water for an half 
an hour. Strain the liquid through a tine piece of 
flannel, and add a little of the liquid blue. 

The green must be kept in a glass bottle, well 
corked up, and used for sprinkling, or colouring the 
edges with a sponge. 

Purple . Half a pound of logwood chips; two 
ounces of powdered alum ; aud a small piece of cop- 
peras ; boil them in three pints of soft water, till re- 
duced to two, and strain the liquid. This purple 
will be found a cheap colour for sprinkling common 
work. 

A fine purple for immediate use, may be obtained 
from strong potash water and brazil dust. ^ Should 
any of the colour remain unused, it will, in ) k* 
hours, change to a brown. . 

Orange . Two ounces of brazil dust ; one ounce ot 
French berries bruised; and a little alum; boil them 
to a pint of soft water, and strain and bottle the co- 
lour for ime. This colour may be spotted on the 
edges, to^Btey, with other colours. s # . 

Brown. Boil in rain water equal quantities ot 
logwood and French berries.; and to give the colour 
a darker shade, add a little copperas ; when it 19 
cool, strain and bottle it for use. 

lied. Half a pound of brazil dust, and two 
ounces of powdered alum ; boil them well in a p lflt 
of vinegar, and a pint of water, till reduced to jt 

{ lint; strain it through a fine cotton cloth. 1 “** 
iquid red will be of great use for sprinkling a™ 
spotting the edges, together with brown and 
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Gold sprinkle. Put into a marble mortar, half an 
ounce of pure honey, and one book of gold leaf ; rub 
them well together until they are very fine : add 
half a pint oi dear water, and mix them well to- 
gether; when the water clears, pour it off and put 
in more, till the honey is all extracted, and nothing 
remains but the gold. 

Mix one grain of corrosive sublimate, with a tea- 
spooafull of spirits of wine, and when dissolved, put , 
the same, together with a little thick gum water, to 
the gold, and bottle the liquid for use. 

The edges of the book may be coloured or sprink- 
led, with blue, green, or purple ; and lastly, with 
gold liquid, in small or large spots, shaking the bottle 
before using. Burnish the edge when dry, and 
cover it with paper. This gold sprinkle, will be 
useful for extra binding. Ladies may also use it for 
ornamenting their fancy works, putting it on with a 
pen or camel hair pencil, and burnishing it with a 
dog’s tooth. 

/lice marble . When the fore edge of a book is 
cut, let it remain in the press, and throw on rice in a 
regular manner, sprinkle the edge with any dark 
corour, till the white paper is covered, then shake off 
the rice. Various colours may be used, the fore 
edge may be coloured with yellow or red, before 
using the rice. By laying anv other substance in- 
stead of the ri<5e, so as to obstruct the sprinkled 
colour, various effects may be produced. 

Fancy colouring . Let the book remain in the 
press when cut on the fore edge ; mix whiting and 
water to a thick consistency, and with a small brush, 
throw* it on the edge, in spots or streaks; when the 
whiting is almost diw, spot the edge with blue, 
green, purple, and brazil red. When quite dry, 
shake off the wluting, and brush the edge with a 
soft brush. A sprinkle of dark blue thrown on im- 
mediately after the whiting, will produce a beautiful 
shaded edge. 

Water marble . Provide a wooden trough, two 
inches deep, and six inches wide. Pour hot water 
in it till nearly full, and put therein three ounces of 
gum dragon, which must be dissolved before mar- 
bling. Grind the following colours on a marble 
slab, with old ox gall, very smooth and fine, and 
procure a small brush and cup for each. 

. Prussian blue. 

King’s yellow. 

Rose pink, or lake. 

Flake white. 

Lamp black. 

Green . — Blue and yellow. 

Orange. — Red and yellow# 

Purple. — Blue and red. 

Brown . — Black and yellow. 

To prevent the water entering the leaves of 
the book, tie it tight between cutting boards of an 
equal size. Place the trough in a steady situation, 
and throw on the colours with their respective 


brushes, beginning with the blue, or any dark colour, 
and so on till the surface of the water is covered. 
The colour^ may remain in this situation, or be 
waved with a small iron pin. Hold the book with 
the edge downwards, and press it eyen and lightly 
with the colours, and it will immediately be marbled. 
Two or three colours only may be used, or as mauy 
as the marbler may think proper. 

Should any of the colours not swim well, which is 
seldom the case, a few drops of spirits of wine may 
be added. 

$oap marble. The following is a recent discove- 
ry, by very simple means, and may be used for mar- 
bling stationary book-edges, or sheets of paper for 
ladies fancy work. 

Grind, on a marble slab, prussian blue, with a 
little brown soap, and water, to a fine pliable con- 
sistency, that it may be thrown on with a small 
brush.' — Also king’s yellow in the same manner, with 
white soap. 

When green is intended for the ground colour, 
grind it with brown soap, and have king’s yellow 
with white soap. Lake may be used for a ground 
colour, and prussian blue ground with white soap.— 
Brown umber for ground colour, and flake white 
ground with white soap. Any colour of alight sub*/ 
stance may be used for marbling. 

Marbling. Pour hard clear water into any veseel,: 
large enough for marbling ; throw on large spots of 
prussian blue, till the surface of the water is nearly 
covered; then throw on king’s yellow, in small spirts, 
which will immediately run into streaks or veins kf 
all directions. ^ 

When marbling book edges, tie the fore edge &c f 
between boards before rounding the back* and presg 
it lightly on the surface of the colours, which will 
make a beautiful marble, and burnish well if requi* 
red. 

In like manner, all colours as above mentioned, 
will have the same effect, provided the ground colour, 
(that is), the colour thrown in first, be ground with 
brown soap, and that for the veins with white soap. 

Sheets of good strong paper may be marbled for 
ornamenting fire screens, &c. or a thinner kind for 
half bound books, without any preparation whatever, 
except a vessel large enough to receive the sheets, 
and putting them on in a careful manner, that the 
whole may receive the colours. 

Gilding xellum . — Glaire the cover once, let it be 
perfectly dry, and rub it over with the oil rag. 
where the gilding is intended to be. Make the rial 
hot, and work it firm and strong, to make a good 
impression. 

Gilding paper and book edges . — With the white of 
an e gf* mix twice that quantity of water; a table- 
spoonful of bullocks blood, taken from the top, when 
it has settled some time ; beat them well together 
for an hour, let the w*hole stand three days before 
using. The paper must be well pressed, and when 

. cut, 
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cut, made vcry.staootli with a piece o f glass, of an 
iron scraper. Pat the gilding boards even, on each 
side of tne paper, and strew it tight in the cutting 
press. Witn yellow ochre, and gold size mixed 
together, colour the smooth edge, rub it till it is 
quite dry, With paper shavings, and burnish the 
same With the dog's tooth. Cut the gold leaf, and 
with a thin piece of paper, previously rubbed on 
your forehead, to induce the gold to adhere, press 
it. on thfe gold gently, Which will attach itself to the 
paper* ana proceed until there is sufficient to cover 
the edge. With a camel’s hair brush float the edge 
with a gilding size, hold the paper on which the 
gold is, with tlie fingers of each hand, and lay it 
gently on the size. When the whole is covered, 
Jet the superfluous size run from under the gold, by 
inclining the press ; stand it a tlittle distance from 
the fire, till dry ; ta ascertain which, breathe on the 
gold, and if it immediately becomes bright, you may 
conclude it is ready for burnishing. 

]$ed Ink . — Half a pound of brazil dust, half an 
ounce of powdered cochineal, a piece of lump sugar 
and four quarts of vinegar. Let them steep for 
twelve hours, and boil them on a slow fire till you 
have a good red* When the ink is settled, strain it 
through a piece of fine cotton, and bottle it for use. 

, Slate paper .-*- Boil glue and water to a good con- 
sistency, and When on the fire, add lamp-black, and 
line powdered emery ^ Give the paper two coats of 
the liquid with a fine brush. 

Splash paper .—Before colouring fhe paper, it will 
be necessary, in the first place, to prepans the pro- 
per colours, and have them bottled for use. They 
. must also, after being boiled, be steeped for twelve 
hours, in their respective quantities of water and 
Vinegar, as follows : — 

Half a pound of logwood chips, with 


vinegar and water, each half a pint. 

Dark red. — Half a pound of brazil dust, with 
vinegar and water, each one pint. 

Bright red. — Before colouring, put a few drop 
of aqua regia into a small quantity of the dark red. 

Given.— Half a pound of French berries, bruised; 
water and vinegar, each one pint, with two ounces 
of liquid blue. * 

Brown . — Two ounces of strong potash wafer, 
j with one ounce of brazil dust, which must not be 
boiled, but remain till the colour change from a 
j light purple, to brown. 

Yettow. — Half a pound of French berries, water 
* and vinegar, each one pint. 

j The above colours must have a small quantity 
I of alum bruised, put therein, and boiled over a slow 
fire. Strain them through a piece of fine flannel, or 
cotton cloth, till quite pure. 

Dissolve half a pound of alum in two quarts of 
rain water; sprinkle it on the sheets of paper for 
colouring, and lay one upon another. Put the 
paper between boards, with a little pressure thereon, 
and leave them to soak for five hours before splash- 
ing. 

Purple splash. — Place small stones at a little dis- 
tance "from each other, and lay the sheet thereon ; 
throw on with a brush, purple liquid in splashes. 

Tortoise shell. — Splash on black ink, and throw on 
dark red, and yellow spots where the paper is white. 

| Various other combinations may be formed by 
I using different colours. 

l To colour vellum green . Dissolve an ounce of 
verdigrise, and an ounce of white wine vinegar, in 
a bottle, and let them «remain near the fire for five 
days, shaking the bottle three or four times each day* 
Wash the vellum over with weak potash water, and 
colour it over three times with the green liquid. 
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Brewing is the art of making porter, beer, or, 
ale. This art is undoubtedly a branch of chemistry, 
and depends on fixed and invariable principles. 
Those principles not having been thoroughly inves- 
tigated, no Just and certain theory has yet been ob- 
tained. We shall, however, insert the best rules 
which practical observations and experience have 
hitherto laid down. 

Malt liquor is essentially composed of water, and 
the soluble parts of malt aud hops, fermented with 
yeast. 

Of water. Lightness is considered as a perfec- 
tion in water, that which weighs least, being gener- 
ally the purest. In brewing, the difference of 
water, whether rain, spring, river, or pond, is of 
Jittle importance, provided it be equally soft and 
pure ; the chief art consists in the due regulation 
of heat; and as soft waters are found in most places, 
and become more alike when heated to the degree 
necessary to form extracts from malt, it is evident, 
that any sort of beer or ale may be brewed with 
equal success, in all places where malt and hops can 
te procured. 

Of Mailing . — Malt is barley rendered fit for the 
purpose of brewing, by being made to sprout or 
germinate with degrees of heat nearly eoual to 
those which the seed should be impressed with, 
when sown in the ground: and dried with a heat 
superior to that of vegetation, and capable of check- 
ing it. The barley is put into a cistern that holds 
five, ten, twenty, or more quarters, and covered 
with water about five inches, to allow tor its swell- 
ing ; it should remain in the cistern two or three 
days, more or less, in proportin-i to the heat of the 
air, and the state of the barley : that which lias 
been washed by rains, requites less time than the 
dryer grain that was saved well, aud grew on dry 
ground. To judge when the u>rn is fitly saturated, 
some persons drop an iron rod perpendic larly into 
the cistern ; if the grain readily give** wav, it is then 
considered time to draw olf t e water. Others take 
some of the corns, cud \t ays, between their fingers 
and gently crush them ; if they re >n all p irts n el- 
low, and the lm-ks open, or -tart a little from the 
body of the corn, they conclude it has soaked long 
enough. The nicety of this is a material point ; 
tor if it is infused too much, it w 11 lessen the sweet- 
ness and the spirit of the malt, and cause the beer 
or ale made from it, to become, dead and sour in a 
short time. 

The water being well drained off, the grain 
should be taken out of the cistern, and laid in a 


heap, about two feet in height. The corn should 
not be suffered to acquire so great a degree of beat 
in this heap, as to carry on germination too fast, for 
this would cause the malt to become bitter and ill 
tasted. Before the acrospire is perceived to length- 
en, the barley must be dispersed iu beds, on the 
floor of the malt house, and be turned every four, 
six, or eight hours, the outward parts inwards, and 
the bottom upwards, always keeping a clear floor, 
that the corn, which lies next it, may not be chilled. 
As soon as it begins to come, or spire, . it should be 
turned every three, four, or five hours, according 
to the temperature of the air, (by which this ma- 
nagement ought to be governed;) as it comes or 
works more, the heaps must be spread wider and 
thinner, in order that it may cool. Thus it may 
lie, and be worked upon the floor, two or three feet 
thick, ten or more feet broad, and fourteen or more 
teet in length, to chip or spire ; and when it is come 
enough, it is to be turned twelve or sixteen times in 
twenty-four hours, if the season is warm. When it 
is fixed and the roots begin to die, it must be thick- 
ened again, and often carefully turned and worked, 
that the growth of the root may not revive. The 
floor should be kept clear, and the malt turned 
often, that it may neither mould nor acrospire ; i. e. 
that the blade may not grow out at the opposite 
end to the root ; for if it does, the strength of the 
malt will be destroyed. 

It is of great consequence in making of malt, that 
the grain be dried by a very slow and gradual heat; 
for this purpose it should be thrown into a large 
heap, and there suffered to grow sensibly hot ; in 
this active condition, it is spread on the kiln, where 
it is exposed to a heat greater than is necessary f ir 
vegetation, by which its further growth is stopped. 
The time usually allowed for drying a kiln of malt, 
is from eight, to twelve hours. Wnen the colour of 
the barley has not been greatly changed by the heat, 
it is called pale malt; in proportionto the degree of 
heat it has been exposed to, the deeper will he i e 
colour, each shade Doing distinguished by a differ nt 
name, as brown malt, aiinrr man, &c. Malt when suf- 
ficiently drie< 1, must be taken from the kiln and spr vid 
; iu au airy place till it is thoroug lv cool; and then 
put into' a lieip. When malt is suffered to grow 'oqt 
i much, or until the spire lain shot through the skin of 
j the barley, though all that is left be malt, it is not fit; 
S to bn \v drinks lor long keeping. Some maltsters 
j fjnri klo water on malt newly removed from the kiln, 

| to make it appear to have been made a long tone* 

, or, as they say, to plump it ; this is a deceit w .iclt 
li Z cannot 


Digitized by I^OOQie 



B11EW1NG. 


86 

cannot bo too much exposed, as by this practice, the 

E urchaser is grossly imposed on. The grain by 
eing moistened, occupies a greater volume, and 
soon grows mouldy, heats, ana is thereby greatly 
injured. 

There are several contrivances made use of for 
the purpose of drying the malt on, as the iron plate 
frame, and the tile frame, which are both full of 
little holes; the brass wired and iron wired frames, 
and the hair cloth. The iron and tiled frames, were 
chiefly invented for drying brown nrnlt. and saving 
of fiiel ; these, when thoroughly hot, will scorch the 
corn in a short time. The wire frames are better, yet 
they are apt to scorch the outward part of the corn, 
which cannot be got off so soon as the hair cloth ad- 
mits of. The last three ways are much used for 
diying pale and amber malts, because the malt can 
be more gradually dried ; but the hair cloth is con- 
sidered the best of all. 

Malt is dried with several sorts of fuel, as coke, 
culm, Welch coal, straw, wood, fern &c. Coke is con- 
sidered the best, if properly made, because it does 
not send forth smoke to injure the flavour of the malt. 
Some persons put a peck or more of peas with eveiy 
five auarters of barley, to be made into malt, which 
greatly mellows the drink : beans will do so like- 
wise, but they will not come so soon, nor mix so con- 
veniently with the malt as peas. 

Oats malted in the same manner as barley, will 
make a weak, soft, mellow, and pleasant drink ; but 
Wheat, so treated, will produce a strong, heady, 
nourishing and fine liquor. 

To know good from bad malt, examine if it has a 
round body, breaks soft, is full of flour, smells well, 
and has a thin skin ; chew some of it, and if you find 
it sweet and mellow, it is good. If it be hard and 
steely, and retains something of the nature of barley, 
it has not been rightly made, and will weigh heavier 
than that which has been properly malted. 

Pale malt is the slowest and slackest dried of any ; 
and will produce a greater length of wort than the 
brown high dried malt ; for which reason it is sold 
for two, three, and four shillings per quarter more : 
it is of all others, the most nutritious, being the 
most simple, and nearest to its original barley-corn ; 
and will retain an alkaline and balsamic quality 
much longer than the brown sort. 

Amber-coloured malt is dried in adegree between 
pale and brown ; and is much in use, though but 
seldom used alone. 

Brown malt is the highest dried, and will not ad- 
mit of as much wort being drawn from it as pale and 
amber malt 

According to Mr. Cotnbrune's statement, 120 de- 
grees is the lowest heat for drying pale malt, and 150 
the highest for brown mult; and lie assumes it as a 
principle, that the heat of the extracting liquor should 
m in proportion to that with which the malt was dried. 
When the exciseman takes his gauge on the floor, 


he allows ten in the score ; but at times he gauges 
in the cistern, couch, floor, and kiln ; and where he 
makes most, there he fixes his charge. 

Of Grinding . — It is necessaiy for malt to be 
ground, in order to facilitate the action of the water 
on the grain, which otherwise would be obstructed 
by the outward skin. Every corp should be cut, 
but not reduced to flour or meal, for in tfcifc state the 
grist would not be easily penetrable; it is therefore 
sufficient that every grain be divided into two or 
three parts. In every tyre whig, the intention of 
grinding is the same; and the transparency of the 
liquor does not depend on the eut of the cornj as h 
supposed by many persons. It has been recommend- 
ed to bruise the malt between two iron cylinders, in* 
stead of grinding it : if by this means, some of the 
fine mealy parts are saved, which wotild otherwise 
be lost in air, it must be veiy inconsiderable, and 
perhaps not equal to the disadvantage of the water 
not coming in immediate contact with the flour of 
the grain, so that, upon the whole, the difference 
between bruising ana grinding the grain can be of 
no great consequence. 

The constituent parts of malt, like tlioee of all ve- 
getable sweets, are so inclined to fcrmeittatien, that, 
when. once put in motion, H is difficult to retard their 
progress, retain their preservative qualities, and pre- 
vent their becoming acid. Among the many means 
put in practice, to check this forwardness ofthe malt, 
none promised so much success as blending with 
the extracts, the juices of such vegetables as of them- 
selves, are not easily brought to fermentation. Hops 
were selected for this purpose, and experience has 
confirmed their wholesdmeness and efficacy. 

Hops are an aromatic, grateful bitter, endued 
with an austere and astringent quality, and guarded bj 
a strong resinous oil. The aromatic parts are volatile, 
and disengage themselves from tne plant with a 
small heat. To preserve them in the processes of 
brewing, the hops should be put into the copper as 
soon as possible, and be thoroughly wetted with the 
first extract, while the heat of the wort is at the 
least, and the fire under the copper has little or no 
effect thereon ; by this means that flavour is retained 
which would otherwise be dissipated. 

After hops are bagged, the sooner and tighter they 
are strained, the better they will keep. It in brew- 
ing, part of a bag or pocket be left unused, let the 
upper part of the bag be covered close over the re- 
mainder, and a heavy weight put upon it, to exclude 
the air. , 

Of mashing . — The first step in the process « 
brewing, is mashing, which is performed in alar^c 
circular wooden vessel, called a tun, shallow m 
proportion to its extent, and fiumislied with a rah* 
bottom, a few indies above the real one, pierce® 
with small holes, and made either moveable or fix- 
ed. There are two side openings in the interva 

between the real and fake bottom, to which pip^ 

arc 
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fertdf, one for tte purpose of conveying water 
into the tan, and the other for drawing the liquor 
out of it. The malt is to be strewed evenly over 
the false bottom of the tun, and then, by means of 
the side pipe, a proper quantity of hot water is in- 
troduced from the upper copper. The water rises 
up through the malt, of, as it is called, the grist, and 
when the whole quantity is introduced from the 
upper copper, the mashing begins, the object of 
which is to effect a perfect mixture of the malt with 
the water, so that ttie soluble parts may be extract- 
ed by it ; for this purpose the grist is incorporated 
with the water, by means of iron rakes, and then 
the mass is beaten and agitated by long flat wooden 
poles, resembling oars, which are either worked by 
hand or machinery. When the mashing is com- 
pleted, the tun is covered, to prevent the escape of 
neat, and the whole i9 suffered to remain at rest for 
some time; in order that the insoluble parts may 
separate worn the liquor ; the time it is allowed to 
remain still, is various, according to the nature of the 
liquor to be brewed, and is called the standing of 
the mash. The side hole is then opened, and the 
clear wort allowed to run off slowly at first, but 
more rapidly as it becomes fine, into the lower or 
boiling copper. 

Many ingenious machines have been invented for 
the purpose of mashing ; we shall give a description 
of two, which we conceive the best, one of which 
was invented by Mr. Goodwynne, the other by Mr. 
Silvester. 

Mr. Goodwynne’s mashing ehgine is of the figure 
of a half cylinder, with the central line placed hori- 
zontally. In this central line, an iron shaft is fitted, 
and turned found by wheelwork from a steam en- 
gine. It has several iron arms fixed perpendicular- 
ly upon it at different parts of its length, which, as 
the shaft revolves, sweep the whole contents of the 
tun, and having teeth fixed in them, mash the grist. 
These arms are not all fixed on the same side of the 
axis, but are arranged at equal angles round it, so as 
to dip in succession. When by their continual 
motion the grist is accumulated at one side of the 
tun, the motion of the shaft is reversed^ and this 
brings the grist back again. 

Mr. Silvester’s machine, consists of a vertical 
spindle, in the centre of the mash tun ; and upon 
this an iron arm, of a length sufficient to extend 
across the diameter of the tun, slides up and down, 
through the grist. The arm is provided with teeth, 
projecting from one side of it like a rake ; and these 
teeth are so contrived, that when the arm descends, 
they hang down vertically ; but when the arm reaches 
the" bottom of the tun, the teeth are turned by the 
machine, so as to be horizontal, and are then drawn 
up, during which action they raise a portion of the 
grist from the bottom to the top. The next time 
• the arm descends, it is turned round with* its spindle, 
a few degrees, so as to take a fresh portion of the 


| ton ; and in this manner its fcdtTon continues, tilt ill 
about 30 or 40 strokes it completes it$ revolution 
round the tun. This construction admits of the 
mash tun, being covered close over by large doors,* 
a circumstance of great importance fof retaining thd 
heat. 

The chief thing to be attended to iu mashing, irf 
the temperature of the mash, which depends on the 
heat of water, and on the state of the malt ; if the 
water was let in upon the grist boiling hot, the 
starch which it contains would be dissolved, and 
converted into a gelatinous jsubstance, in which all 
the other parts of the malt/ and most of the water 
Would be entangled beyond the possibility of reco- 
very. The most eligible temperature for mashing 
appears to be from 185 Q to 190* of Fahreneit ; tor 
the first mashing, the heat of the water must be 
somewhat below this temperature, and lower in pro- 
portion to the dark colour of the malt made use of ; 
for pale malt, the water may be 180°, but for brown,* 
it ought not to be more than 170*.* The wort of the 
first mashing is by much the richest in saccharine 
matter ; but to exhaust the malt, a second and a 
third mashing is reauired, in which the water may 
be safely raised to 190° or upwards. The proper* 
tion of wort to be obtained from each bushel of malt, 
depends entirely on the proposed strength of the li- 
quor. It is said that 25 or 30 gallons of table beer 
may be taken from each bushel of malt. For ale 
and porter of the superior kinds, only the produce of 
the first mashing, or six or eight gallons per bushel, 
are to be taken. 

O f boiling and bopping . If only one kind of 
liquor is made, the produce of the three mashings art 
to be mixed together ; but ifboth ale and table-beer 
are required, tne wort of the first, or of the first and 
second mashing, is appropriated to the ale, and the 
remainder is set aside for the beer. All the wort 
distined for the same liquor, after it has run from th£ 
tun, is transferred to the large lower copper, and 
mixed with a certain proportion of hops. The bet- 
ter the wort, the more hops Are required. Iu private 
families, a pound of hops is generally U9ed to evert 
bushel of malt ; but in public breweries, a much 
smaller proportion is deemed sufficient. When both 
ale and table-beer are brewed from thesame malt, 
the usual practice is to put the whole quantity of 
hops in the ale wort, which having been boiled some 
time, are to be transferred to the beer wort, to be 
again boiled with it. J 

To preserve porter for twelve months, when fer- 
mented 


* The process of brewing has within a few years been rendeted rauefc 
more certain by the nse of the thermometer, to determine the degree 
of heat proper for mashing i and an instrument called a sac chrome- 
ter, to ascertain the strength and goodness of the wort. This lastfi- 
strament is a kind of hydrometer and shews the specific gratk> of 
the wort, rather than the exact quantity of t&ccharine matter which 
it contains. - r- 
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jnentedat forty degree*, twelve pounds of bops are 
considered sufficient for the produce of one quarter 
of malt ; but if heated to sixty degrees, rather more 
than double the quantity of hops will be required to 
preserve the beer the same length of time. For 
small beer to-be fermented at 40 degrees, three 
pounds to the quarter will be sufficient ; but at sixty 
decrees, it will require six pounds of new hops, or 
six and three-quarters pounds of old hops, which are 
such as have been kept one year, and have, in con- 
sequence, lost some of their good qualities ; but this j 
diif ercnce is not . worthy of notice, when only small j 
quantities are used. \ 

„ Wiien the hops are mixed with the wort in the g 
copper, the liquor is made to boil, and the best j 
practice is to keep it boiling as fast as possible, till j 
upon taking a little of the liquoi out, it is found to 
be full of small (lakes like those of curdled soup. 
The boiling copper in common breweries, is un- 
covered ; but in tnose on a very large scale, it is j 
fitted with a steam-tight cover, from the centre of 
which passes a pipe, that terminates by several 
branches in the upper mashing or copper. The steam 
therefore produced by the boiling, instead of being 
wasted, is let into the cold water, and thus raises it 
very nearly to the temperature required for mashing, 
besides impregnating it very sensibly with the essen- 
tial oil of the hops, m which the flavour resides. 

Of cooling. When the liquor is boiled, it is dis- 
charged into a number of coolers, or shallow tubs, 
in which it remains until it becomes sufficiently cool 
lo lie submitted to fermentation. It is necessary 
-that the process of cooling should be carried on as 
expeditiously as possible, particularly in hot weather, 
and for this reason, the coolers in the great brew- 
houses are very shallow. Liquor made from pale 
malt, and which is intended for immediate drinking, 
need not be cooled lower than seventy- five or 
eighty degrees ; of course this kind of beer may be 
brewed in almost the hottest weather ; but beer 
brewed from brown malt, and intended to be kept, 
must be cooled to uearlv sixty degrees, before it is 
put into a state of fermentation. Hence, spring and 
autumn have been deemed the most favourable sea- 
sons, for the manufacture of the best malt liquors. 

In the summer, worts must be got as cool as tae 
-.w *ather wdl admit of: aud it being found, that 
about three o’clock in the morning is the coolest 
period of the twenty-four hours, this is the time that 
they should be sot *o work. 

. Mr. Jonathan Dixon has a patent for forming the 
various vessels in a brewery of cast iron. This 
metal seems very well adapted to the formation ot 
coolers, as it allows the heat to pass off more readily 
than wood, is not liable to crack in hot weather, and 
is altogether free from the great repairs necessary to 
Wooden ones. 

Of ftrmt-ntation. B rt *r r ceives its strength and 
spirit from the process of fermentation, during w hich 


a quantity of fixed air is given out of the fluid, the 
wort loses its viscidity and sweet taste ; its specific 
gravity is diminished, and an inebriating quality u 
givpn to the liquor. When the wort is at a prop** 
temperature, the yeast is added to it, in the gyle tun, 
or square, and in a short time the fermentation be- 
gins at the sides of the tun, and gradually advances 
towards the middle, till the whole surface i9 covered 
with a white scum, formed of small bubbles, which 
increase in size as the fermentation advances, form- 
ing a head of yeast. Some % of the bubbles, on reach- 
ing the surface, burst, and the film of yeast which 
covered them sinks, but is again borne up by the 
ascending bubbles. These films form at first a yel- 
low, and, as the process ad vauces, a dirty, brown, 
uneven covering to the yeast, giving it tlie appear- 
ance of rocks. In this state the fermentation is at 
its crisis, and afterwards diminishes. When the 
head begins to sink, which it does first in the middle 
of the tun, the fermentation is to be checked bv 
cleansing, that is, dividing it into snail casks, and 
allowing any farther yeast which it may produce, 
to flow off as fast as it is formed; taking caretokeep 
the casks filled up with fresh liquor, till this discharge 
ceases, when the bung-bole is to be closed ; and tiie 
liquor, after having stood a sufficient time to fine, 
will be fit for use. In London, from the large 
capital required in the brewing trade, the brewer* 
find it necessary to make a quick return, and there- 
fore send the beer out in the rough, as they term it, 
that is, before it ha9 stood a sufficient time to fine: 
in this case, a proper quantity of fining is sent with 
it, which is composed of isinglass dissolved in verj 
sour beer, brewed on purpose, without hops, from a 
fourth mash. The innkeeper puts the fining into tbe 
cask, which mixes with the fecula floating in the 
beer, and forms a kind of net work, which grudualh 
sinking to the bottom, carries all the impurities with 
it. Heat increases the violence of fermentation, aud 
and if too great, the process advances so rapidly at 
to render it difficult to check it at the proper stage, 
which, if not effected, the acetic fermentation will 
commence before it has precipitated the mucilage, 
or in the brewer’s language, purg d itself, and cause 
an unpalatable mixture of acid, f rom the excessive 
fermentation ; and of bitter, from the excess of muci- 
lage. In the other extreme, where the heat is not 
sufficient for the fermentation, a decomposition of tee 
wort takes place, and produces ail unpalatable liquor, 
containing a combination of sweet and bitter. 1& 
strong pale ales, it is the object of the brewer to 
give them the greatest possible strength, together 
with a very clear and fine light colour, without con- 
taining much of vegetable flavour. In brown nls 
and porter, a fulness of palate, deep colour, glutinous 
taste, and vegetable flavour are produced b # v retain- 
ing part of the farinaceous matter, instead ot excell- 
ing the whole of it, as in the former instance. ^ . 

When the heat of the atmosphe re is more Ann 
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«b pottfce wrotto work. In. tower ^agrees of ttie 
atmosphere, the wort mitt be aetata greater heat 
thfcotWrof theair; for «e4he teudeaey tofermen- 
tstlan* inmases urifli Ube heat <tf the weather, it fe 
necesaaiy to correct it, by putting the liquor 
to vtoife o e Wew, in liat weather, tma in cold. 
If the air is at 30 degrees of Fahrenheit, small beer 
should fee set to wuirk at about^O degrees; beer in- 
intiebded for keeping, at 36* ; mid amber or gluti- 
nous ales at h4*. When the air is at 50°, all these 
kinds ma^ beset to Woife at 5&\ Jfa the process of 
fermentation, the temperature of the wort is often 
increased as much at 10° ; and it may in general l>e 
considered, that the wort will be 10^ higher at the 
height of the fermentation, than it was when first 
put to work, supposing the heat of the air continues 
the same. 

Of yeast. The yeast produced from strong beer 
is the best to effect a temperate and regular fermen- 
tation ; that from weak small beer should not be 
used when the other can. be procured; it being apt 
to act violently for a short time, and then cease. Tlie 
quantity of the yeast has some effect on the degree 
of fermentation ; a greater quantity will increase 
the rapidity of the process, in the same manner as a 
greater degree of Iieat would, and vice versa ; hence 
a greater proportion of yeast is required in winter 
than in summer. Small beer intended for immedi- 
ate use, when the temperature is as low as 40 de- 
grees, will require about eight pints of yeast to one 
quarter of malt; at (JO degrees six pints ; at 70 v five 
pints; and at 80 degrees, only four pints. 

All kinds of beer intended for keeping, will re- 
quire only six pints at 40°, five pints at 60 Q four 
pirtt* at T0°,* and three pints at 80 u . 

Of colouring. The colour and flavour of porter 
ami brown beer, was Formerly derived from high 
dried malts, which were scorched and partially 
charred on the kiln, but this practice* being found to 
cause a great waste of the fermentable matter, which 
might otherwise be extracted from them, has given 
place to the more economical plan of colouring beer, 
obtained from pale malt ; the cheapest method of 
effecting this purpose, is by the addition of burnt 
sugar, which gives it the desired flavour as well as 
colour. . 

The mode of preparing the sugar for colouring, is 
as follows. One hundred weight of coarse brow n 
sugar is put into' a cast iron boiler , of a heniesphe- 
rical figure, with one gallon of water. This is boil- 
ed, and kept constantly stirred, till it turns Ida ck, 
and is of the consistence of treacle; the smoke 
Ttsiirg from it is now set on fire, and this commu- 
nicates to the whole, which is suffered to burn about 
ten or twelve minutes, and then extinguished by 
putting on the cover of the boiler. While it js hot, 
It is diluted with water, to bring it into a liquid state. 
Three parts of the sugar. wilt make two juris o£ this 


eolbui*. When use8, *lt is put Wtd ffce gylfe tttft, 
in the proportion of two or three pounds to a 
barrel ; but this depends upon the 1 cdlour of the 
malt 'from wtiidi the Irqubr itfbrewed, and th^ co- 
lour which the beer is intended to have. 

To avoid the prejudice which the public have ge- 
nerally entertained against the introduction oFany 
matters into the beer, excepting malt and hops, -Some 
porter brewers have of late used a portion of their 
richest wort, instead af sugar, for making the colour- 
ing. This is concentrated by boiling it in bn iron 
pan, and is burnt in the same manner as the sugar, 
over which ft has some slight advantage^ as the 
burning the farinaceous matter contained in the wort 
gives it an agreeable bitter. M. De Roche took out 
a patent in 1§09, for using the husks of the malt for 
colouring, by burning them to a coffee colour, and 
mixing them with the malt, at the rate of thirty-one 
pounds to a quarter of malt; or the water may be 
coloured before brewing, by infusing these roasted 
skins in it. 

IT wort is suffered to remain in the under back too 
long, a premature fermentation will take place, 
called by the brewers, foxiness, and the beer pro- 
. duced from such Wort, will be nauseous and un- 
palatable. 

A grist of malt is said by brewers, to be set, when 
instead of separating for extraction, it runs in clods, 
increases in heat, and coagulutes. This accident is 
owing to the over quantity of heat in the water, ap- 
plied in the ext raefeen. 

The air included in the grist, which is a principal 
agent in resolving the malt, being tlierebv expelled, 
the mass remains inert, and its parts, adhering too 
closely together, are with difficulty separated. 
Though an immediate application of more water Jo 
the grist is the only remedy, yet as the cohesion is 
speedy and strong, it seldom takes effect* Kew 
malts, which have not lost the heat received’ from the 
kiln, are most apt to lead the brewer into this error, 
and generally in the fir$t part of fhe process. 

OF THE SIGNS WRICil GENERALITY RIRECT tT^K 
PROCESSES IN BREWING. 

1. When a white floui settles either in (lie uhdpr 
back or copper back, which is sometimes Hie case 
of a first extract, it is a sure sign such «u» extract 
has not been made sufficiently not, or in technical 
terms, that the liquor has been taken too slack* 

2. The first extract should always have scope 
I troth, or head, in the under back. 

* 3. The head, or froth, in the under back. appear- 

ing, red,, blue, purple, kmt . fiery,, shews <tlie Imjuocs to 
j!' have been taken too hot ^ V » / > 

f 4. When fhe grist feels stippeiy. it generally i 
I sign,* that the Jiquors have been taken too high. ' 

5. Beer ought always to work kind* oid of thje 
cask, when cleansed, butihe froth in summer iriHqe 
somewhat more open than in winter. • 

6. When the bead of yeast in ilmgyle tuabegiijs 
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to sink, it it a sign tkaitto vinous fermentation is 
' ended. 

UTKNSILS USED IN A BREW HOUSE. 

1. The liquor-back is a cistern in which the cold 
water (or as it is called the liquor,) is reserved for 

. use. 

2. The copper^ used for heating the liquor. 

3- The copper back . 

4. The mash tun m which the operation of mash- 
ing is performed. 

5. The under back y into which the wort is drawn 
off after mashing. 

6. The jack-bwk which receives the wort after it has 


been boiled with the hops, and has, iwseml b ret. 
cries, a cast iron floor, pierced with small holes, ti 
admit the wort, but retain the hops. 

7. The coolers are shallow vessels, in which the 
wort is soon cooled, by presenting a laige> surface 
to the air. 

8. The gyle-tuns, or squares in which the liquor 
is first put to ferment. 

9. IVorking tuns , in which the liquor is cleansed. 

10. Store-vats are immense tuns used in large 
breweries, for keeping beer till wanted for sale. 

11. Casks , large and small. 


BRICKLAYING. 


Bricklaying is the art of cementing bricks, by 
lime, or some other cement, so as to form one body. 

Bricklayers are, in London, by charter, in 1568, a 
* corporate company, consisting of a master, two war- 
dens, twenty assistants, ana seventy-eight on the 
livery. For the laws relating to bricklayers , see 
building ACTyin the second part of this work . 

In London, Bricklaying includes the business of 
walling, tiling, and paving with bricks or tiles ; and 
it is sometimes united with plaistering. In the coun- 
try, it is very common for the same person to exer- 
cise masonry, bricklaying and plaistering. 

Bricklaying is of great antiquity, for we read of 
’ it very early in the Mosaic history. 

TOOLS USED BY BRICKLAYERS. 

1st. Walling Tools . — The brick trowel , which is 
used for taking up and spreading the mortar, in or- 
der to cement the bricks together, and for cutting 
the bricks to any shape required. 

2d. The hammer , which is used to cut holes in 
brick walls. 

3d. The plumb rule y which is generally about 4 
feet long, and used with a plumb line, to carry the 
'feces of walls up perpendicularly. 

4th. The level is' from 6 to 12 feet long, and used 
to tty the level of work s^s it proceeds, more particu- 
larly window cills and wall (dates. 

5th. 7 Ae large, square , for trying and setting but 
'the sides of buildings at right Angles. . ; 


6th. The rod 1 for measuring, is either 5 or 10 W 
long, and diviaed by notches on the edge, into as 
many feet, the last foot of which is divided into 
inches. 

7th. The jointing rule, 8 or 10 feet long, for run- 
ning thejoints of brick work. 

8th. Tne jointer is made of steel, and shaped lib 
the letter S ; with this and the rule, the joints in 
brick-work are marked. 

9th. The compasses. They are used for traversing 
arches, &c. 

10th. The raker is a piece of iron, bent like tb 
letter Z. and pointed at both ends ; its U9e is topic! 
or scrape decayed mortar out of joints in old wills 
to be replaced by new. 

llth.TAe hod , which consists of two boards pd 
together at right angles, with a handle or leg, so® 6 ' 
what resembling the letter Y, fastened to that pud 
where the two sides meet ; one end of the trough is 
open and the other closed ; its use is to carry mortal 
! bricks, stones, &c. up the ladders, on the shoulder, 
the handle serving to keep it steady while ascending, 
and to rest it upon when on the scaffolding. So"* 
- sand or dust, is generally strewed over the inner sur* 
j face, when mortar is carried, to prevent its sticking- 
! 12th. The line pins. They are two iron pins lor 

! fastening and stretching the line, for the purpose 
j of laying the courses level. i 

J. 43th. ; J%e rammer. When ground is of a 
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'kind, ting tool is used ftr compressing it, by beating 25th. The brick axe is 'us&d • for axing off the 
on its surface. soffits of bricks to the scribes, and saw cuttings. The 

I4tb. The iron crow and pick aXt are used for thfe more care that is taken in axing the less will be the 

purpose of breakingthrougn walls; the crow bar is labour of rubbing. 

used alone for raising large stones, or any other 86th. The tamplet is used in taking the length 
heavy bodies. . of the stretchers and width of the header. 

I5th. The grinding stone , which is used for sharp- Note. The last ten articles relate to the cutting of 
ening any of the tools. gauged arches, 

loth. The banker is a high bench of 6 to 12 feet 87th. The chopping block is any convenient piece 

long, 2 or 3 feet wide, and 2 feet 8 inches high from of wood, placed so as to be three inches from the 

the ground, and serves as a bench to rub bricks for ground, supported either on legs, or piers, and used 
arches or other work upon. . for axing bricks on. Its length must be according 

17th. The camber which is a piece of wood to the number of men that are to work at it. 
of at least half an inch thick, with one of its edges 28th. The Jtoat stone . — This is used to rub the 
curved, and rising about one inch in six feet; its use curved surface of the bricks smooth ; it is necessaiy 

is for drawing the soffit lines of straight arches. If to bring it as near as possible to the figure Pf the 

the other edge is curved, it should nse one half as surface intended to be rubbed before the operation 
'much; this is used for drawing the upper side of is began, 
straight arches, to allow for their settling. Some 

workmen prefer the upper side of the arch straight. OF different kinds op bricks. 

When the lines are drawn, the camber slip should Bricks are a kind of artificial stone, made by tern- 
be given to the carpenter, to enable him to form the pering clay to a proper consistence, and forcing it 
centre to the curve of the soffit into a mould, to give it shape, which is that of rec^ 

18th. The rubbing stone , generally of a cylindric tangular prism, 10 inches in length and 3 in breadth ; 

form, about 20 inches in diameter, fixed at one end these are dried in the sun and then burnt in stacks 

of the banker. When the bricks are brought as or clamps, or in a kiln ; in which operation they are 

near the shape as convenient, by the axe, they are reduced to 9 inches long, 4$ broad, and H thick* 

by this rubbed smooth; it » also used for rubbing this, however, varies according to the quality of the 

headers and stretchers, called rubbed returns. clay, and the quantity of burning. 

19th, The bedding stone y formed of r piece of mar- There are several kinds of bricks, as marls, 

ble, about 18 inches long, and 8 or 10 inches wide, stocks, and place bricks. The principal difference 

with one feir side; its use being to tiy the rubbed consists in the care in tempering the clay, and diflta* 

sides of the brick, which must be first squared, in or- ing the heat through tl\e whole in burning. The 

der to try whether the surface of the brick is straight, finest kinds of marls are called firsts, and are select 

so as to fit upon the leading skew-back, or leading ted for arches over doors and windows, for which 

end of the arch. they are rubbed to their proper forms ; there are 

20th. The small square . for tiying the bedding of also seconds, which are used for fronting, 
the bricks, and squaring tne soffits across the breadth The best marls are superior to stock bricks in 

of the bricks. colour, which is a pale yellow, and consequently 

21st. The bevely for drawing the soffit line on the more chaste for the front of a house, red being too 
face of bricks. glaring, particularly for countiy houses, where it 

22d. The mould is used in giving form to the verv ill accords with the surrounding sceneiy. 
back and face of the brick, that it may have it* thick- There are abo gray stocks, which are pf an in- 

ness reduced to its proper taper, to which end, one ferior kind. 

edge of* the mould, (which has a notch for every What are left of the damp after the marls are se- 
courae of the arch,) is brought close to the bed of the lected, are called place bricks, packings or sandal 

brick already squared. bricks; these are of a very inferior quality,- not 

23d. The scribe is any piece of iron ground to a uniformly burnt, and are of a redder colour, 
point, to mark by the edge of the rule or mould. Burrs, or, as they are sometimes called, clinkers* 

24th. llie tin saw is for cutting the lines upon are such as are so much over burnt, a9 to vitrify and 

the bricks about one eighth of art inch deep, that run two or three together. The best red brick, made 

when the axe is used, the edges may not spalter out of the neighbourhood of London, are used for 

away. It is also used in cutting the soffit through rubbers. Some very good are made at Hedgerly, 

its breadth, in the direction of the tapering lines, near Windsor, and are called Windsor brinks ; thqy 

drawn on the fece and back of the brick ; the cut are veiy hard, of a fine red colour, and preferred as 

being made deeper on the face and back than in the fire brick*, for which purpose they are much used, 

middle of its thickness, for the purpose of entering Their thickness is only l.| inch, but their length and 

the axe. The saw is also useful in cutting false breadth, are the same as the stock brick. All bricks' 

joints. are sold by the thousand, °and each bricky according^ 
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to Act of Parliament, must measure &| iwch«Jong v 
4 inches wide, and:2£ inches thick. 

There is a kind of brick imported from Hoi-; 
land, called Dutch clinkers, very hard, and of a liglit 
yellow colour, used much for grnving. They mea- 
sure six inches long and three broad * the best mode * 
vf laying them is herring-bone ways. j 

Paving Tiles are a long flat kind of brick. Used » 
for laying the floor of dairies, cheese-houses, &c. 
their size k about nine inches long, A\ broad, j 
und 1£ thick. \ 

The different sorts of tiles for covering houses, 
are pan tiles, which are 13 incites long, and eight 
bread, and about half an inch thick; their trans- 
verse sect ion somewhat resembles the letter, ca being 
•two portions of cvlinriric surfaces on both sides. 
The part which is of the greatest radius serves as a 
channel for conducting the ram, whilst the lesser 
overlops the edge of the adjoining tile. In the for- 
mation cff thte pUn tile, a UOb is made to project from 
the surface of the upper end, which Serves to hang it 
tm the lath. Laths for tiling are about three-fourths 
of an inch thick, end 14 bicb broad, and aoo^t 
eefeftnonly made of deal# The other sorts of tiles 
jute plai* tilea, hip tiles, and ridge tiles. 

POUWDATIOWS. 

The fitfst tiling to be considered when a building 
as about to be ereoted, is the foundation. 

If there are cellars or underground kitcheoe, it is 
pdtumoajy found that they aife of eidfiofteat depth to 
find a good and solid foundation ; but where this is 
Mt the case, the remedies are to dig deeper, or to 
<dri*e in large stones with the rammer, or by laying 
in thick pieces of oak, Crossing the direction of the 
WOti, and planks of the same timber, wider than the 
intended wall, 'and running in the sanie direction 
with it. These last are to be spiked firmly to the 
Of 086 pieces, to prevent their sliding, the ground 
having been , previously well rammed under them. 

The mode of ascertaining if the ground be ' solid, 
is by the rammer; if by striking the ground with 
this tool, it 6beke^ it must be pierced wit hr a borer, 
ask used* by well diggers; and having found 
liow deep the firm ground is Below the surfUre, you 
ilMisfc prdeeed to remove the' loose or soft part, taking 
bare to leave it in the form of stops it it is tapering, 
that the stones may have a solid bearing, and not 
be subject to slide, which woe lb be likely to happen, 
if the ground were dug in the form of ,an inclined 
plane. 

If the ground prov* variable, » and be hard ami 
•Oft at di^rent places v the best wa(y is to turn arches 
tirom one hard spot to another. Jmerted arches 
have boon Used for this purpose with great gurcess,, 
bringing up the pfort?; which carry the priocips! 
freight of the building, to tlie intended height -a»d 
Ihickiiess, a «d» tlien turnkig reversed arches, (ms 
rfhewu in plate hjig. IQ.) from- one pier to another. 
It n> clear that by this* means the piers cannot sink, 


without -eaundM ibeawflii^ mi (b 

ground on which they stand, with them* This zm> 
trivairee was recommended bp • AJterik 'and' was 
adopted- by Mr. Hook,, m luMd^ug-Mmdpg^mUe^ 
and 1 believe is never omitted, there oioouawtanoet 
of the kind before, stated, occur, and white the af- 
jriutect employed fom r any rqgarahtcx hisxiwn or hi? 
employer's interest. 

Where the bard-ground 13 ooly to be fotnd undef 
apertures, build your piers on these » places, and turn 
arches from one to the other. In the duastructioQ 
of the arches, some attention must be paid to the 
breadth of the insisting pier, whether it will cover 
the arch or not ; for suppose the middle of the piers 
to rest over tiie middle of the summit of the arches, 
then the narrower the pious the more curvature the 
support iug, arch ought to have at the apex* When 
arches of suspension are used, the in trldos ought to 
be clear, 60 that (lie arch may have the full effect^ 
but, as observed before, it willulso be requisite here 
that the ground be UHiformly hard on which thepier* 
are erected, for it in better ibat it should be uniform, 
though not so hard as might lie wished, thauto have 
it unequally so ; for in the former case the pirn 
would descend uniformly, and the budding remain 
uninjured ; but iu the latter, a vertical fracture 
would take place, and endanger the whole edi- 
fice. 

W 4 L&S* 

The foundation being ready, according to the 
foregoing directions, the destination, or use of the 
huikfotg, with its- magnitude, &c. mustbe consider- 
ed^ iu order to use saoh materials as are best suited 
to the end required* Thus, in places much ex- 
posed tOj the weather, the hardest and best bricks 
must be used, and the soft reserved for in-door worki 
or places where thpy are lees tried ; but in this, re* 

S ard must also be had, to the importance of tk 
uilding, and whether it is designed for long 
imp* Iu slacking lime, use only as much water as 
will reduce it to a powder, and only about a bu^l 
of lime at a time, cohering it over with sand, m <*- 
xler to prevent the gas, which is the virtue of the 
luce, from escaping.-^iicc Cements, in the semi 

This it a better mode than slacking the whole » 
one time, as there is less surface exposed to the air. 
Before you use the mortar,, it should be brat three 
or four times over, so as to incorporate the lime and 
sand, and to reduce all knots or knobs of lime that 
may have passed the sieve. This very much im- 
proves the smoothness of the kme, and by driving 
in air to its pore*, will make the mortar stronger:^ 
little water is to be used in this process ad posmhk* 
Whenever mortar is suffered to stand any ti»? r 
fore us^d^it should be lie bout again, ho as to give n 
tenacity, and prevent la boar to the bricklayer. 1® 
dry hot summer weather,, use your mortar sod, «* 
winter rather stiff. * 


« 
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If you lay your bricks in dry weather, and the 
work is required to be firm, wet your bricks by dip- 
ping them in water, or by causing water to be . 
thrown over thepi before they are used, and your 
mortar should be prepared in the best way. Feu- 
workmen are sufficiently aware of the advantage of 
wetting bricks before they are used, but experience 
has shewn that works in which this practice has 
been attended to, have been much stronger, than 
others, where it has been omitted. It is particular- 
ly serviceable where work is carried up thin, or in 
putting in furnaces, grates, &c. 

In w inter, as soon as frosty and stormy weather set 
in, cover your wall with straw- or boards; the for- 
mer is better than the latter if well secured, as it 
protects the typ of the w all, in some measure from 
frost,which to building is very prejudicial, particu- 
larly, when it follows much rain ; tor the rain pene- 
trates to the heart of the wall, and the frost, by con- 
verting the water into ice, expands it, and causes the | 
mortar to assume a short ana crumbly nature, and | 
altogether destroys its tenacity. i 

lil working up the wall, it will be proper not to 
work more than four or five feet at atime, for as all 
walls, immediately after building, shrink, the part 
which is first brought up w-ill remain stationary, an 1 
when the adjoining part is raised to the same height, 
a shrinking or settling will take place, ancj separate 
the former from- the latter, causing a crack which 
will become more and more evident, as the work 
proceeds. In carrying up any particular part, each 
side should be sloped off, to receive the bond of the | 
adjoining work on the right and left. Nothing but 
absolute necessity can justify the work being carried 
higher, in any particular part, than one scaffold, ibr, 
wherever it is done, the workman is certainly answer* 
able for all the evil which may arise from such pal- 
pable error. 

There are two kinds of bond in brickwork, which 
differ materially from each other, and as the subject 
is of the highest importance to the bricklayer, we 
shall lay before oitr readers some excellent remarks, 
contained in a % pamphlet, written on this subject, by 
Mr. G. Saunders, who has treated it with a degree 
of attention which its importance requires. 

u Bricks laid length ways, in the direction of the 
wall are called stretchers, and those laid in an oppo- 
site way crossingthe direction of the wall, are called 
aiders. 

Old English bond, is a continuation of one kind 
throughout, in the same course or horizontal layer, 
and consists of alternate layers of headers and 
stretchers, (see Figure J, 3, 4, Plate l) the head- 
ers serving to Wild the wall together, in a longitudi- 
nal direction, or lengthways, the stretchers, to pre- 
vent the wall splitting crossways, or in a transverse 
direction. Of these two evils, the former is by much 
the worst kind, and is therefore most dreaded by the 
bricklayer/’ 


Mr. Saunders is of opinion, that old English 
brick work is the best security 'against these acci- 
dents, as work of this kind, wheresoever it is so 
much undermined as to cause a fracture, is not sub* 
ject to either of the above evils, but separates by 
breaking through the solid brick, just as if the walk 
were composed of one entire piece. 

The brick work of the Romans was of this kind 
of bond, but the specimens of their w-ork, which re- 
maih, are of great thickness, and have three or 
sometimes more, courses of brick laid at certain in- 
tervals of the height, stretchers on stretchers, and 
headers on headers, opposite the return wall, and 
sometimes at certain distances in the length, forming 
piers, that bind the wall together in a transverse di- 
rection ; the intervals between these piers were fill- 
ed un, and formed pannels of rubble or reticulated 
work ; consequently great substance with strength 
was economically obtained. 

Flemish bond ; ( see Plate 1, Figure 5, 6, 7,J which 
is the second kind, consists i:i placing in the same 
course alternate headers and stretchers, which dis- 
position, according to our author, is decidedly inferi- 
or in every thing but in appearance*, arid even in 
this, the difference is so trifling, that few common 
observers would be struck with any great superiori- 
ty, that the former possesses over the latter. To 
obtain this, strength is sacrificed, and bricks of two 
qualities are fabricated for the purpose; a firm brick 
often rubbed and laid in what the workmen term a 
putty joint, for the exterior, and an inferior, brick for 
the interior substance of the wall ; as these did not 
correspond in thickness, the exterior and interior sur~- 
fece or the wall,, would not be otherwise connected 
together, than by an outside heading brick that 
was* here and there continued of. its whole length ; 
but as the workdoes not admit of this at all times^ 
from the want of agreement in the exterior and inte- 
rior courses ; these headers can only be introduced 
where such a correspondence take place, whichsome- 
t imes may not occur for a considerable space. 

Walls of this kind consist of two (aces of four 
inch work, with very little to connect them together, 
and what is still worse, the interior face often con- 
sists ot brick* little better than rubbish, Notwith- 
standingthis, the practice of Flemish bond, has con- 
tinued from the time of William and Mary, when 
it was introduced, with many other Dutch fashions; 
and our workmen are so infatuated with this prac- 
tice, that there is scarcely an instance to be seen of 
the old English bond. 

To the Flemish bond alone must be attributed the 
frequent splitting of walls into two thicknesses, and 
various schemes have been, from time to time adopt- 
ed, for the. prevention of this formidable defect. 
Some have laid laths or slips of hoop iron* occasion, 
ally, in the horizontal joints between the two cour- 
ses ; others lay diagonal courses ofbricks at certain 
heights from each other: butthegpod effect of this - 
ii b last. 
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l&st practice is much doubted, as in the diagonal 
course, by their not being continued to the outside, 
the bricks are much mangled where the strength is 
wanted. 

Many other practices are enumerated, to unite com- 
plete bond with Flemish facings, but with no better 
success. In figure 5# 6, the interior bricks are dis- 
posed with intention to unite these two particulars, 
the Flemish facings being only on onesidcof the wall ; 
but this at least falls far short of the strength, ob- 
tained by the English manner. There is another 1 
evil attending this disposition of the brick, which is 
the difficulty of its execution, as the adjustment of 
the bricks in one course must depend on the course 
beneath, which must be seen or recollected by the 
workman ; the first is difficult, from the joints of the 
under Course being covered with mortar, to bed the 
bricks of the succeeding course, and for the workman 
to carry in his mind, the arrangement of the pro- 
ceeding course, is more than can reasonably be ex- 
pected from him, and, unless it be attended to, the 
joints will be frequently brought to correspond, 
dividing the wall into several thicknesses, and ren- 
dering it subject to separation or splitting. 

In the old English bond, the outside of the last 
course, points out how the next is to be laid, so that 
the w orkman cannot easily err. 

The outside appearance is all that can be urged 
in favour of Flemish bond, but even in this, Mr. 
Saunders is of opinion that were the English man- 
ner executed with the same attention and neatness 
that is bestowed on the Flemish, it would be con- 
sidered as equally handsome. However this maybe, 
it is surely the duty of all who are concerned in this 
business, to recommend the adoption of the old 
English bond, and the following are directions for 
the execution of it. 

1st. Each course to be alternately of headers and 
stretchers. 

2nd. Every brick in the same course must be laid j 
in the same direction ; but in no instance is a brick j 
to be placed with its whole length along tlie side of j 
another, but to be so situated, that the end of one j 
may reach to the middle of the others which lay j 
contiguous to it, except the outside of the stretching I 
course, where three quarter bricks necessarily occur ’ 
at the ends, to prevent a continued upright joint 
in the face work. 

3rd. A wall which crosses at a right angle with 
smother, will have all the bricks of the same level 
course in the same parallel direction, w r hich com- 
pletely bonds the angles. See Fig. 1, 2, and 3. j 
(For Mu* measuring of allkinds of brickwork see Men- j 
duration.) 

Description of Pkde I. — Fig . 1, 2, 3, and 4, shew 
the arrangement of bricks in depths of different 
thicknesses, so as to form English bond. 

Fig . 1, is the bond of a wall of 9 inches. To 
preveut two upright or vertical joints running over 


each other, at the end of the first stretcher from the 
corner, place the return corner stretcher, which is a 
header, in the face that the stretcher is in below, and 
occupies half its length ; a quarter brick i$ placed 
next on its side, forming together 6 £ inches, and 
leave a lap of 2f inches for the next header, which 
lies with its middle upon the middle of the header 
l)elow, and forms a continuation of the bond. The 
three quarter brick, or brick-bat, is called a 
closer. 

Another way of effecting, this, is by laying a Jbat 
at the corner of the stretching course, for when the 
corner header comes to be laid over it, a lap of 
inches will be left at the end of the stretchers below 
for the next header, w r bich when laid, its middle 
w ill come over the joint below tlie stretcher, and in 
this manner form a bond as before. 

Fig. 2. A fourteen inch or brick and half wall. 
In this the stretching course, upon one side, is so laid 
that the middle of the breadth of the bricks upon the 
opposite side, falls alternately upon the middle of 
the stretchers, and upon the joints- between the 
stretchers. 

Fig. 3, a two brick wall. In the heading course, 
every alternate header is only half a brick thick-on 
both sides, which breaks the joints in the core ot 
wall. 

Fig. 4,. a two brick and a half wall. The bricks 
arc laid as in Fig. 3. 

Fig. 5, Flemish bond, for a nine inch wall, where 
two stretchers lie between two headers, the length 
of the headers and the breadth of the stretchers, ex- 
pending the w hole thickness of the wall. 

Fig. 6. a brick and half Flemish bond, one side 
being laid as in Fig. 4, and the opposite side with a 
half header opposite to the middle of the stretcher, 
and the middle of the stretcher opposite the middle 
of the end of the header. 

Fig. 7, Another arrangement of Flemish bond: 
here the bricks are disposed alike on both sides the 
wall, the tail of the headers being placed con- 
tiguous to each other, so as to form square spaces in 
the core of the wall for half bricks. 

Fig. 8, the corner coin of nil upwright wall. 
English bond. 

Fig. 9, the coin , of an upright wall, Flemish 
bond. 

Fig. 10, Reversed arches, to prevent the ground 
giving way or sinking. v 

Fig. li, a straight drch, which is usually the 
height of lour courses of brick work; the manner o 
describing it will be shewn in the following 
| figure. 

Fig. 12, to draw' the joints of a straight arch, ie 

A. 11. be the width of the aperture ; describe an 
equilateral triangle A. B. ('. upon this wid » 
describe a circle round the point equal to 
thickness of the brick. Draw D. E. parallel to* 1 

B. at the distance equal to the height of four cou * _» 
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and produce C. A. and C. B. to d. e. lay the straight* 
edge of a rule from c. to d. and with a oair of com- 
passes, opened to a distance equal to the thickness 
of a brick, cross the line d . e. at F. removing the 
rule from the points C. and D. Place the, straight 
edge again! the points C* and F, and with the same, 
extend the points of the compass, cross the line D. E. 
at G. proceed in this manner until you come to the j 
middle, and as it is usual to have a brick in the cen- | 
tre to key the arch in, if the last distance, which we 
will suppose to be h . i. is not equally divided by the 
middle point K. of D. E. the process must be re- 
peated till it is found to be so. 

Though the middle brick tapers more in the 
same length than the extreme bricks, it is conven- 
ient to draw all the bricks with the same monld, 
which is a great saving of time, and though this is 
not correctly true, the difference is so trifling as not 
to affect the practice. It may, however, be proper to 
observe, that the real taper of the mould is less than 
ill the middle, but greater than either extreme dis- 
tance; bat even tiiq difference between this is so 
small, that either may be used, or taking half their 
difference will come very near the truth. , This diff- 
erence might easily be shewn by. a trigonometrical 
calculation, the middle being an isoceles triangle, of I 
which the base and perpendicular, are given, the ! 
base being a certain part of the top* line, in the 
triangle upon the sides, you have one angle equal to 
60 degrees, and the side D. F. is given,, and 1) C, 
«=( D. K* 2 rf K. C 2 >£ can easily be found, so that in 
this triangle the two sides and the contained angle 
are given. 

Fig. \3and 14. — Ornamental brick cornices. The 
first is an imitation of the Grecian doric, and the 
.second a dentil cornice. A variety of pleasing 
symmetiy, may lie formed by various dispositions of 
tne bricks, and frequently without cutting, or if cut, 
chamfering only may be used. 

v/7g. 15. Semi-circular arch, two bricks high. 

Fig. 16, 17 18, and 19. Brick piers, of various 
thicknesses, arranged according to 4 lemish bond. , 

Fig. 17. A two and half brick pier. 

Fig. 18. A three brick pier, and 

Fig. 19. Three and half brick pier. 

In each of the foregoing, the arrangement of the 
first and second courses is shown. 

Fig. 21. An elliptic arch, struck fropi two cen- 
tres A and B. 

Fig . 22. A scheme arch, two bricks high. 

Fig. 20. Plan of M r. Tapper’* mode^if constructing* 
groins, which is a great improvement on the common 
four-sided groin. The improvement consists in rais- 
ing the angle of the groin from an octagonal . pier, 
instead of a square one f which gives more strength, 
and from the corners being'removed, renders it more 
commodious for turning any kind of goods round it ; 
this renders it particularly advantageous in cellars, 
&c. This convenience is not the only advantage 


that this construction admits of, as the angles of the 
groin are strengthened by carrying the band round 
the diagonals of equal breidth, which affords better 
bond to the* bricks. 

Fig. 23. Eahrthenware pipes, made and sold at 
the potteries round London ; they are intended to 
carry water and answer very well in many cases’ 
size and price they are made at is as follows:— 

2\ Inch calibre 9d. per foot run. 

3 Ditto .... lOd. ditto. 

3f Ditto .... Is. ditto. 

These three sizes are made in lengths of 2 feet 9 
inches. . 

: Fig. 24 and 25, are drains of the common con- 
struction, the former one being one brick in thick- 
ness, and the latter two. 

Fig. 26. The cylindrical or improved drain, 
which is preferable to the former, being much less 
subject to chock, and kept clean with a much less 
quantity' of running water. -They are sometime 
made elliptical, for admitting the cleaner with more 
ease. 

Fig. 27. * Channel or gutter of bricks, much used 
in the lower part of Kent and Sussex ; they are fre- 
quently substituted for small brick dams, by being 
inverted one over the other. . . 

i*Y£. 28, 29, JO, 31, 3®. Plans and elevations of 
the coal-oven, used by bakers; the construction . oi 
which being new to many, bricklayers, we shall cube 
join the. observations \ of Mr. Dearn, upon it, a&he 
seems to have paid it that attention which its impor- 
tance required* Mr. Dearn Vopiiiion differing from? 
that of Mr. Phillips, iumauv particulars' on this* 
head, we have given the whole dispute in his Jbwn 
words, that* our readers may the betterbe able to 
judge for themselves. ^ 

u Am oven may be described as an arched cavity, 
constructed, for tne purpose of baking bread, meat, 
<SlC. , . • . ' 

Baking is a trade of considerable importance in 
large towns, and the profit of the baker being li- 
mited in a great measure by the legislature, his at- 
tention has been very naturally directed to the mean* 
of increasing bargains, and as the^only wife and ho- 
nourable means by which this could be effected, was 
by the practice of strict economy, he was led. to -en- 
quire how the necessfuy degree of heat, (fuel being a 
principal item in his expenditure,) was. to be obtained 
at -the least possible expente. ,/J'be increasing, price 
of wood not only rendered this attention to economy 
the wore necessary, but convinced those who.veflected 
at all, that if a cheaper substitute was not speedily 
discovered v the*r profit, (alreacty very much diminish.*; 
ed,) would ultimately dwindle to nothing, in this, 
dilemma, necessity, (the parent of every useful in vest-? 
" tion), ever fruitful in expedients, readily suggested 
to. those, interested, the application of coal to thei 
purposes of tlifir trade.;: this by repeated trials waw 
found not 1 only practicable, .but atipse<j)iwt qxper^o 

ence" 


Digitized by ^.ooQie 



96 


BRICKLAYING. 


met has so far established its superiority, on the 
score of expence, that few are now found so bigotted 
to old customs and insensible to their interest, as to, 
refuse its adoption. To construct an oven to l^e 
heated with coal, it is recommended that the frame 
and door be about a foot square, like the door of a 
Copper, the bars of the furnace about 18 or 20 inches 
long, and level w ith the bottom of the oven ; that the 
flue lie 18 inches square, the fire to shoot slanting in- 
to the oven at the shoulder, so that the fire may fly 
immediately to the xrown and centre, spreading to 
the haunch and all round ; a register is fixed within 
a little of the flile, entering the oven, which is stopt 
when the oven is sufficiently heated. A copper is 
usually fixed five or six inches over the furnace, 
warm water being an essential requisite in a bake- 
' house. But as the manner of constructing these 
ovens is rendered more intelligible by drawings, 1 
have offered for the instsuction of those who do not 
understand the proper construction, the figures num- 
bered (28, 29, 30, 31, and 32, on Plate 1. ) 

The above passage is the substance oftlie instruc- 
tions contained in Crosby's Builder's Price- Book 
on this subject, at least if I understand it right; but 
as the description given in that work is not only inde- 
finite and unsatisfactory, but objectionable in more 
points than one; the drawings given on Plate 1, 
tave been made out, in order not only to enable the 
reader to form a more correct idea of an oven so con- 
structed, than it is in the power of words alone to 
eonvey ; but in order at the same time to point out 
to him mare clearly the objections I have to the 
above recommendation. In the first place, it is ab- 
solutely necessary that advice, to be of any avail, 
should be clearly intelligible, leaving neither room 
for conjecture nor doubt ; but, in the instance before 
us, itis both imperfect and obscures to one who had 
never seen an oven of this kind it must be altogether 
useless a9 being unintelligible, and to those who 
have, it would be much better to have said, go and 
build an oven to be heated with coals. In one 
place it says, “ let the flue be about 18 indies square, 
for the fire to shoot slanting into the oven at the 
shoulder. By the word flue is here meant (1 con- 
clude from what follows) that part of the contrivance 
iiu which the fire is placed, usually called the fur- 
nace, the fire hole, tly? stove, &c. but admitting that 
this expression is even right, would it not, let me 
ash, have been as well to have made choice of some 
other, more generally understood. But without dis- 
puting Mr. Phillip's application of the word flue, I 
shall merely state what J-have been taughtwith respect 
to the flue and the parts immediately connected with 
it; I have been led to consider the chimney as con- 
flHrting of three distinct parts, viz. the opening or 
ifcouth, in winch the fire is placed, the throat, and 
the flue or funnel. The flue according to thwdivi- 
monr of the subject, having the same relation to the 
opening or fire place, as the windpipe has to the 


mouth in the aoinfel system, intiifeately connects 
no doubt, but yet distinct in Us operation and ‘situa- 
tion ; but if from their general connection, it were 
admissible to confound the one with the other, and 
call the mouth the flue* and the flue the mouth, yet 
it could hardly hold good in this instance, as the 
connection is by no means immediate, the neat and 
smoke traversing the whole extent of the oven, be* 
fore it escapes by the flue, which is situated in front, 
immediately over the oven door, this door when 
shut, cutting off all communication between the two. 
Witli respect to the size of such fire-place or flue, 
(as Mr. 1\ has it) he recommends it to be about IS 
inches square. Now the only argument I shall op* 
pose to this, is, that I have seen a large oven (16 
bushels) the fire place of which did not exceed 18 
inches either way, and though so small (compared 
with an opening^of 18 inches) was certainly greater 
than was absolutely necessary fur the purpose; the 
draft into this oven when the blower was up, was 
amazing, and die baker said he entertained no doubt 
of being able to produce a sufficient heat to run 
glass ; this is all that I consider necessary to oppose 
to Mr. P’s. recommendation.* How far a still greater 
reduction of the furnace might be productive of 
good, I will not pretend to decide, yet 1 cannot Wp 
observing, that if it could be reduced to nine inchei 
in height, there would be a saving of some time and 
trouble, at least in its erection, as in tliat case, there 
would be no cutting into the crown of the oven in 
this place, which if possible should be avoided, not 
only as being a wont of some difficulty, but astero* 
ing to weaken a part, already the most expwedto 
injury, and requiring more finequent repair than anv. 

Mr. P’s preference in favour of 18 inches is found* 
ed on the following reason, “ for the fire to shod 
slanting into the oven, ” this at least is the only rea* 
son he assigns for his preference. If this property 
of making the fire shoot slanting into the oven, is 
peculiar to the dimensions suggested, then the pre- 
ference is well grounded, but if it is proved common 
to joll y or peculiar to none, how are we to accotm 
for this partiality. In short, the instance 1 na\p 
above related, is alone sufficient to convince m e 
that no advantage can arise from making the tire 
hole mon? than ^12 inches wide and the same m 
height, on the contrary I am more inclined to be- 
lieve that it would be better, on most occasions o 


W tot ever be the size or purpose of the firr place, 11 ... w ;n 

oper to set the bars 8 or 10 incho. in from ibe doo ' j into 
n a supply of coals warming before they are u 1¥e at- 

tire. The importance of this is LHovin to tjuw* . K.jijers «f 
led to the effect of every fn sn supply of CWI,S ,5*, prf caii* 
m engines, us it instantly stops t* ,c boiling. u,,U ‘ ro ii 

is attended to. II al*o piwents, U a great w jiirfc 

getting in between the door «M»d *r.tmeof the tirc-P ^ ^ 

luently happens from the difficulty of v -» 
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make it less. It should be observed, however, that 
1 anr speaking only of ovens, of the size usually adop- 
ted by bakers, that is, from 8 to about 16 bushels. 

The oven which I have selected as an example, 
and of which I have given the necessary drawings 
for the instruction of workmen, (see Plate 1.) I | 
feel no hesitation in recommending it (or adoption, as 
it is generally admitted to be the best, and though 
a difference of opinion may, and doe9 prevail, with 
regard ttf some of its dimensions, the principle has 
hiihertoremamed unquestioned. The points of differ- 
ence between myself and Mr. Phillips, I leave to the 
determination of those who feel themselves interest- 
ed in the decision. The greatest objection I have 
to Mr. P's account, is, not that he happens to differ 
with me in the size of the fire hole, for 1 am even 
willing to allow that it is possible he may be right ; 
but because the whole of the passage in question is 
so- ambiguously worded, and so loosely put together, 
that. I am persuaded no one can make any thing of 
it , who is not already familiar with the subject; let 
jany one previously unacquainted with the matter, 
peruse the description alluded to, and then turn to 
the Figs. 28, 29, 30, 31, and 32, on Plate 1. and say 
wlietber the idea he bad formed from the description, 
is in any degree realized or no. If we pretend to 
give advice, it should be done in such terms as are 
likely to be understood by those to whom it is direct- 
ed, otherwise instead of doing good it is most proba- 
ble we may do harm. To return, — the kinds of 
coal made use of for heating of ovens, are chiefly the 
Staffordshire, Hartleys, and Coupen-Main,* as these 
coals differ only in name, and not in their properties, 
the only point for consideration is, which will come 
cheapest, yet I should observe, that there may be 
some little difference in the strength, though I have 
not been able to discover it ; this matter may be 
worth enquire. If these coals should on Sufficient 
trial be found so nearly alike in strength, that the 
difference is not deemed worth notice, there will be 
no difficulty in deciding which is the cheapest. The 
weight of a chaldron of coals is about 28 cwt. the 
Hartleys and Coupen-Main are sold by the chaldron, 
and the Staffordshire by the ton; in general the 
Staffordshire coal will be found most expensive. 

Ovens formed after this example will hold, accord- 
ing to their size, as follows : — 

Ft. Ft. In. 

8 wide and 7 0 deep, ... 8 bushels of bread. 

9 ditto and 7 6 ditto, ... 10 ditto ditto 
10 ditto and 8 6 ditto, . • • 12 ditto ditto 

If required to hold less than 8 bushels, or more 
than 12, reduce or increase the proportions accord- 
ingly. 

Fig. 28, Plate 1. Is the plan of an oven*, (to be 
heated with coal) which, according to the above 

* Wood is frequently mnde use of instead of coals In ©tens of 
ibis constriictioo particularly ky biscuit bakers. 


table, will contain 8 bushels of bread, it feeing & 
feet wide and 7 deep ; the fire hole enters the oven 
m a direction diagonal with the ‘farthest corner, the 
sides of the oven are carried nearly straight, and 
turned as sharp as possible at the haunch and 
shoulder, this form being supposed better calculated 
to retain the heat than any otfier ; the flue is imme- 
diately over the entrance,* as descrPied by the dotted 
enclosure at o, on the plan. Welch lumps or fife 
bricks are used for the stove or fire hole ? and the 
best, or at least the cheapest place to obtain the lat- 
ter (in the neighbourhood of London) is at a manu- 
factory of this sort in Princes-street Vauxhall, still 
carried on I believe by a person of the name of Gre- 
gory. In business of this nature it is usual to in- 
troduce a considerable quantity of old iron hoops,, 
more especially round and over the oven, in order to 
keep the work together ; this precaution is not only 
necessary with respect to ovens, but is advisable on 
all occasions, where great heat is required; it is ne- 
; cessary were it merely to prevent the loss of heat, by* 
i a separation of the work, but when it is considered 
| that the escape of^he fire, in this way, may be pro- 
I ductive of a still greater evil, in which others may 
! be involved as well as ourselves, the neglect of this 
| precaution becomes unpardonable. A piece of cast 
; iron covers the space before the door of the oven, 
exactly level with its floor; the opening underneath 
is applied to no particular use, but is generally 
made a receptacle for lumber ; it is commonly done 
j more with a view to lessen the expenee than with any 
| other, yet this notion of economy is ridiculed by 
j some, from a persuasion that a great deal of heat 
I escapes this way, if the place can be applied to no 
j real use, I should think it much better done away, 
with, as there is certainly some reason in the objec- 
tion ui^ged against it. 

Fig . 29, Llcvutiou. The mouths of coal ovens are 
closed with a door of wrought iron, , in which is e 
small circular hole with a valve for the convenience 
of the baker, and. to prevent the cooling of the oven, 
by a frequent opening of the door. To heat the 
oven, the door is , thrown back, and a blower is ap- 
plied to the mouth, so contrived, as not only to 
cover the mouth of the oven, but'to enclose also the 
throat of the chimney,, by which contrivance the - 
draft is so much encreased, that the necessary degree * 
of heat is veiy soon obtaiued ; and if at any time the * 
oven is too hot, .(supposing that the fire is out) it 
will only be necessary to throw open the furnace 
door and put up the blower for a. few minutes, the * 
current of cool air which is thus made to pass- 
through it, soon reduces the heat to the temperature 
required. In the blower is also an opening of the 
same kind as that in the door,, which is opened and* 
shut at pleasure ; the* course of the flue is described' 
by the dotted lines at 6, The lead cistern is fixed 
about five or six inches over the. stove, so that the- 
water may. be kept warm, but not boiling, from this * 

a pipe 
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~a pipe is brought down, (as shewn) with a cock in 
the front. The stove is closed with an iron door, as 
-also the ash pit hole. 

Fig. 30. Is the blower, as before described. 

■Fig*. 31. Is the transverse section from A B on 
the plan, looking towards the opening, the fire hole 
entering the oven at c, the crown is turned, with the 
bricks on end, and instead of centering, the custom is 
to fill the whole space with sand, clay, or rubbish, 
wjiiph is well trod down, and fashioned to the shape 
which it is intended the crown shall be of. Wlien 
the upper work is finished, the sand is dug out of 
the mouth of tne oven. 

Fig. 32. Is the longitudinal section from C to D . 
In t nis, the situation, &c. of the flue clearly evi- 
dent, and the sectional line of the blower, when 


1 in its is place, described by the dotted liae d; the 
space under the oven has been before spoken of. 

I shall now close this part of the subject, under 
the fullest. conviction that no person can beat a loss, 
after the information I have given, to construct an 
oven of this kind, th ugh he may previously be ua* 
acquainted with the business. 

There are several contrivances to heat ovens will 
coal, bat as that which I have offered is generally 
I admitted to be the best, I have deemed it unuecessaiy 
i to describe any other. This observation relates only 
to ovens of the size used by bakers, as it is the 
| general practice to heat small ovens with coal.” 

, An oven, particularly well adapted ta the bakiii» 
of rw'at in public bakehouses, is described at the end 
i of the article Baking. 
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Brick-making, the art of forming and manufac- 
turing bricks. 

The earliest mention of bricks is to be found in 
the historical books of the Old Testament, where 
we find that Noah’s three sons, together with their 
wives and children, departed from tne eastward, and 
travelled in^o the land of Shinar. w And they said 
one to another, go to, let us make brick, and bum 
them thoroughly ; and they had brick for stone, 
and slime,* hadl they for mortar.” Whether these 
bricks were really exposed to the action of fire, as 
the passage before seems to imply, or merely dried 
in tne sun, is a point by no means settled ; but ac- 
cording to the testimony of Herodotus, who was 
■upon the spot, the bricks which composed the tower 
t)f Babylon, were baked in furnaces. That imburnt 
bricks were also employed in the earliest buildings, 
appears certain, from the testimony of some of the 
•oldest historians, and from proofs still existing. 

Unburnt bricks were used in Egypt ; the making 
them was one of the tasks imposed on the Israelites 
•during their servitude in that country ; but the old- 


* By slime is meant a bitumen or pitchy substance, ivith which, 
according to the accounts of travellers, the country about Babylon 

atoytirirts. 


est edifices, which at present remain there, are prin- 
cipally of stone. rococke, however, describes a 
pi rain id built of unburnt bricks, called Cloube-el- 
Menshieh, (the bricks of Menshieh) which are com- 
posed of a black sandy earth intermixed with peo- 
nies and shells, the sediment deposited by the over- 
flowing of the Nile. Unburnt bricks are stiU to 
common use in Egypt, and many other parts of tne 
east ; they were also used on some occasions by the 
Greeks and Romans. At what time burnt brick 
were first introduced, or in what country, cannoj ! « 
determined, nor indeed is it of any moment. 
Greeks were certainly acquainted with the art 0 
burning bricks, as appears from Vitruvius, who in- 
stances several celebrated buildings in which this ma- 
terial was used, both sun-dried and burnt. 

This author gives us the following directions tor 
making unburnt bricks. They should not be n 


limning uiiuuiui uncit'*. 1 mrv shuuhi .it 

of stone v, sandy, or gravelly loam, for such kuh|^ 
earth renders them heavy ; and ^ -c 


upon being wette 
all, they swelled 


with rain after being laid in the tva.., ^ ■ 

dissolve; and the straw which is put in them - 
not adhere on account of their roughness, 
earth of which they are formed should be light cn 
white, or red. Ihey should be made in s P r , ,n ^i c 
lut tun a, as being the best time for drying-; / or ^ 
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intense beet of summer parches the outside before 
the inside is dry ; which afterwards drying in the 
building, causes them to shrink and break. They 
are best when made two years before they are used, 
as they cannot be sufficiently dry in less time. 1 f 
they are used when newly made and moist, the 
plaister work which is laid on them, remaining firm 
and stiff, and they shrinking, and consequently not 
preserving the same height with the incrustation, it 
is, by such contraction, loosened and seperated. At 
Utica, therefore, the law allows no bricks to be used 
before they have lain to dry five years. 

No bricks of the form now adopted, are found in 
ancient structures ; those being either square or 
triangular, and more resembling our paving tiles, 
than bricks, as well in form a9 in substance. The 
triangular brick must have possessed considerable 
advantages over the present kind, their form being 
calculated to give the most complete bond, and from 
their thinness they were likely to be better burnt. 

Bricks have several advantages over stone, from 
their porous texture; they unite better with the ce- 
nu nt, are much lighter, and the walls built with 
tli* m are less subject to be damp. 

„ Ti\e earth proper for making bricks, is a clayey 
loam, neither abounding too much with sand, which 
renders them brittle, nor with too large a portion of 
argillaceous matter, which causes them to shriuk and 
crack in drying. 

The manufacture of bricks has of late years be- 
come an object oi revenue, and as such, entitled to 
some consideration ; it is, besides, of the utmost im- 
portance to the community, inasmuch as the value 
and comfort of our dwellings, must depend in a great 
measure on the quality of, the materials with which 
they are constructed, and bricks form no inconsi- 
derable part of them. The best account we have 
seen of this art, Js given in u Malcolm’s Compen- 
dium of Modern Husbandry,!’ from which we have 
made the follow ing extract : — 

The Moulds , used in making every sort of brick 
for building purposes, are ten inches m length, and 
five in breadth ; and the bricks when burned, usually 
measure nine inches in length, and four and.one half 
in breadth, so that the clamp shrinks about one inch 
in ten. But the degree of contraction, (as [we ha ve . 
belbre seen) which clay undergoes in being burned, 
does not absolutely depend upon the purity of the 
clay ; for some clay imbibes more moisturo than 
others ; if that whidi imbibes the mo*t is not ex* 
posed a much longer time to tlie frost to. divide and 
separate its particles, and to the heat of the sun to 
exhale its moisture, than that which imbibes le. s 
and is a shorter time exposed; it follows, that while 
flie one will be reduced one inch, the other may lose 
two or more. Again, the heat of the kiln or clampl, 
and the situation of the bricks as to heat, will vary 
the diminution of the subject to be burnt. It is m 
consequence theref ore, in the making of sound hard- 


| bricks, that the clay should be dug two or, three . 
! years before it is used, in order that it may be pul- 
j verized ; and the oflener it is turned and incorpora- 
! ted, the better will be the bricks. The earth should 
1 have sufficient time to mellow and ferment, which 
! will render it more apt and fit to temi>er, ; and this 
1 operation of treading and tempering ought to be. 

! performed more than doubly what is usual; because 
| the goodness of the bricks w.iolly depends upon the 
well-performance of its first preparation, since the 
J the earth in itself, before it is wrought, is generally 
1 brittle, full of extraneous matter, which requires to 
, be removed, and as it were wit out unity or sta- 
Ibility; but by adding small quantities of water by 
} degrees to it, and working and incorporating it to- 
gether, the several parts of it are opened, and by 
| being thus exposed to the atmosphere, a tough gluey 
! substance is formed, which, without such temper- 
ing, treading, and beating, could not have been pro- 
duced. 

Bricks thus tempered, become solid, smooth, 
hard, and durable, and one brick, thus made, takes 
up nearly as much earth, as a brick and a half, 
made in the common way, which arc light, full of 
cracks, and spongy, owing to the want of due work- 
ing and management ; to confirm this observation, 
we shali give the following experiment, made by 
M. Gallon. He took a certain quantity of the 
earth, prepared for the making of cricks, he let it 
remain for seven hours, then caused it to be 
moistened and beaten, during the space of thirty 
minutes ; the next morning the same operation was 
repeated, and the earth was beaten for thirty 
minutes; in the afternoon it was again bea ten for 
fifteen minutes. Thus, this earth had only been 
worked for an hour and quarter longer than usual, 
but at three different times. The material had ac- 
quired a greater density, by this preparation; for a 
brick made with this earth, weighed five pounds 
eleven ounces, while another brick made in the 
same mould, of the earth that had not received this 
preparation, weighed only five pounds seven ounces. 

I Then having dried these bricks in the air, during 
! the space of thirteen days, and having burnt them 
; with others, without any particular precautions, 
they. were examined when taken from the kiln, and 
it was found that the bricks made of the earth, 
which had been the most worked, still weighed four 
ounces more than the others, each having lost five 
j ounces by the evaporation of the moisture. But 
t ieir strength was very different, for, on placing 
them with -the centrej on a sharp edge, and loading 
, the two ends, the bricks formed with the well tem- 
- pored earth, were broken w ith a wviglit at each eqd, 

! of 65 polinds, or Impounds in all, while the others 
w'ere broken with 35 pounds af each end, or # 70 
pounds in the whole. A mixture of ashes, which is 
now uniformly practised vbout London, dnd light 
sandy earth) which is usually practise din the country, 

* facilitates 


Digitized by Tooele 



100 


BRICKMAKING. 


facilitates the work, and serves also to save coals or 
the wood in burning them. 

The excellency of bricks consists chiefly in the 
first and last operation ; for bricks made of good 
earth, and well tempered, % become solid and pon- 
derous, and therefore, will take up a longer time 
in diying and burning, than our common bricks 
seem to require. It is also to be observed, that 
well drying of bricks, before they are burned, pre- 
vents cracking and crumbling in their burning; for 
when the bricks are too wet, the parts are prevent- 
ed from adhering together. The best way of or- 
dering the fire, is, to make it gentle at first, and in- 
crease it by degrees, as the bricks grow harder. 

The common computation is, that eveiy acre of 
land will yield one million of bricks, in eveiy foot in 
depth, including ashes which are usually mixed 
with it. In general our fields are shallow with 
a bottom of gravel, yet we think they will aver- 
age nearly five fret, though we believe we have 
none that will run ten twelve or more feet, as about 
Kingland; at least such is Mr. Malcolm's informati- 
on on this subject. 

Bricks are made by the thousand, as the most sa- 
tisfactory mode between master and man, and a 
handy man could mould in in one day, viz. from 
five in the morning until eight at night, 5000. To 
Insist him in the preparation of the soil, &c. from the 
heap (which is usually dug after the season for brick- 
making is. over and laid up) there is generally a 
gang consisting of six persons; one man tempers 
and prepares the soil, which is done with a hoe 
made long, in the shape of a mattock, a shovel, scoop, 
a thick plank or board, and a cuckhold ; with the hoe 
he pulls down the soil from the great heap, which is 
chopped backwards with the shovel, to turn it as of- 
ten as may be necessary, to mix and thoroughly in- 
corporate the ashes and soil together, because it is 
to be understood, that at the time the soil is dug out, 
and made into this heap, a layer of coal ashes 15 al- 
ternately placed between a layer of soil, as often and 
in such quantities in each layer as the quality of the 
soil and other circumstances may make necessary. 
The scoop is used to throw water over this portion 
that is pulled down with the hoe, in order that it 
may become, more and more, in a tempering state, 
more soft and ductile ; and with the board be kneads 
it together, over which a certain quantity of sand is 
thrown, and it is then covered with pieces of sack- 
ing or matting, to keep the sun and air from it. A 
boy scoops or cuts off a slice, with an instrument or 
shovel having a short handle, and the blade of it 
jnade concave, called a cuckhold; this he brings 
on his arm 9 to the moulding table, which is placed 
under a moveable s!ied, upon which, another boy 
tolls out a lump somewhat bigger than wiH fit the 
mould, the table have been previously strewed with 
•and. The moulder, rtfter dipping his mould into 
• (dry sand, placed at one corner of nis table, throws 


the lump prepared, into the mould, and with a fiat 
smooth stick, about eight inches long, previously 
dipped in a pan of water, strikes off the surplus 
soil ; he then immediately turns out the brick upon 
a stand, or board, of the same size with the brick; a 
boy takes it from thence, and places it on a light bar* 
row, with a lattice-work flame fixed over the frame 
of the barrow, at about three fret high above the 
wheel, and reduced to about eighteen inches io 
height towards the handle, forming an inclined plane. 
The new made bricks are placed on this lattieetraw, 
and over them, sand is thrown in sufficient quantities 
to prevent their adhering to each other, as well asto 
prevent in a certain degree their cracking in drying 
while on the hacks. A boy wheels the barrow tothe 
hacks, and places them with great regularity and 
dispatch, one above the other, a little diagonally in 
in order to give a firee passage to the air. Each hack 
is made wide enough for two bricks, to be placed 
edgeways across, with a passage between the heads 
of each brick ; they are usually made eight bricks 
high; the bottom bricks at the end of each hack arc 
old ones. 

In showery weather, wheat or lye straw is care* 

a laid over the bricks that are diying on these 
s, to keep them as free from wet as possible ; 
for the brickmakers do not hen', as in some places 
[ more distant from tlic metropolis, goto the expence 
of roofed coverings, or long sheds ; which from the 
extent of one of these fields would be impossible. 

If the weather is tolerably fine, a few days is suf- 
ficient to make them diy enough to be turned, which 
is done by resetting them more open, and turning 
them ; and six or eight days more are required be- 
fore they are fit to be put into the clamp, for kilns 
are not in U 9 e in this part of the country. When 
Sufficiently diy, the clanipmaker levels the ground, 
generally at one end of the range of hacks, nearly 
centrical, making the foundation of the intended 
clamp, somewhat higher than the surrounding 
ground ; and with place bricks, if they have any, or 
otherwise, with the driest of those just made, makes 
a foundation of an oblong form, beginning with tee 
flue, which is nearly a brick wide, ana running 
straight through the clamp. In this flue, diy bavins, 
coals, and cinders (vulgarly called breese,) are laid 
and pressed in close, in order that the interstices 
between wood and coal may be properly filled up. 
On the sides of the flue, the bricks are placed diago- 
nally about one inch asunder, and between each 
layer of bricks three or four inches of ^reese arc 
strewed, and in this manner they build tier upon 
tier as liigli as the clamp is meant to be ; never omitt- 
ing between each layer, as well as between each 
brick, that is placed diagonally, to put a due portion 
of breese. When they have made the clamp abon 
six feet long, another flue is made similar in even 
respect to the preceding, to the extent of the si# ® 
the intended clamp, provided only that the bricks 
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are meant to be burnt off quick, which they will be 
in about 21 or 30 days, according as the weather 
may suit. But if there is no immediate huriy for the 
bricks^ the flues are placed about nine feet asunder, 
and the clamp left to burn off slowly. When fire is 
set to t!^ clamp, and it bums well, the ash hole, j 
being placed at the west end generally, the mouths j 
are stopped with bricks, and clay laid against them : ; 
the outsides ©f the clamps are plaistered with clay i* j 
the weather is at all precarious, or the fire burns ] 
furiously: and to the end against which addition is 
made to the clamp, skreens made of reeds worked 
into frames about six feet high, and sufficiently 
wide to be , moved about with ease, are placed to 
keep off the weather, and against any particular 
side where wet is most prevalent. On the top 
of the clamp a thick layer of breese is uniformly 
laid. 

This is the mode of manufacturing the common 
grey stocks for walls and common buildings; but 
some brickmakers, in order to mix the soil and ashes! 
more regularly, perform it with a machine, called a 
clay mill, which a horse turns round. This ma- 
chine consists of a tub or tun fixed to the ground, in 
which is placed perpendicularly an instrument re- 
sembling a worm or screw ; the soil being put in at 
top, is worked down by the rotary motion of the 
worm, and is forced out at a hole made on the side 
near the bottom of the tub. A man supplies the tub 
with fresh soil, properly moistened, while t;.e person 
who supplies the moulder keeps removing that 
which is thus prepared, or pressed out. 

Washed malms , or more properly marls, are made 
with still greater attention; a circular walled recess 
is built about four feet deep, and from three to four 
feet wide, paved at bottom, and from 10 to 12 feet 
diameter, liaving a horse-wheel placed in the cen- 
ter ; the ground is raised all round it, and a plat- 
form made upon a level with the top of the recess. 
On this platform the horse walks, a pump is fixed 
into a well, as near to the platform as may be, to 
supply the recess with water as often as occasion 
m.w require. A barrow made to fit the recess, and 
thick set with long iron teeth, well loaded, is chained 
t / the traces of the horse, who drags this after him; 
a man wheels a barrow full of soil previously pre- 
pared iu a heap the same as for the common stocks, 
a* J shoots it regularly round the recess, he the>* j 
pumps a certain quantity of water, which, by means 
o^troughs or shoots, runs on- it. The horse is ther 

in motion, and the barrow being loaded accor- 
dingly? forces its way into the soil, admits the water 
fmo it, and by thus tearing and seperating i<, mixes 
t ie ingredients at the same time that it gives an 
opportunity for stones and other ponderous substan- 
ces to subside to the bottom. The man keeps supply- 
ing it with fresh soil and water until there is a suffi- 
cient body in the r°cess. On one side, but as near 
to the recess as possible, the ground is made smooth, 
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and dug out about 18 inches or tw f o feet deep into ^ 
hollow square; and the soil now becomes paste,, 
and being thereby sufficiently washed, purified, an dr 
fluid, troughs are placed from the recess to this hol- 
low ground, and it is pumped or ladled out with, 
scoops or shovels into the troughs, carefully leaving 
the sediment at the bottom of the recess to be after- 
wards thrown out on the sides of it, together with 
stones, bones, &c Over tins hollow square or pit 
the fluid soil diffuses itself, where it settles of an 
equal thickness, and remains until wanted for use; 
the superfluous water being either evaporated or* 
drained from it, by its being exposed a certain length 
of time in so thin a body. Woeu they have got a 
sufficient quantity of washed earth in this pit, ano- 
ther is made alongside of it, and so they proceed un- 
til they have got as much thus prepared, as they are 
likely to want during the season. 

The clamps for burning these better sorts of bricks 
are individually the same with the other, but great- 
er care is taken in not overheating the kiln, and in 
causing it to burn moderately, as equably and as 
diffusively at the same time as possible. 

In the country, bricks are always burnt in kilns r . 
whereby less waste arises, less fuel is consumed* 
and the bricks are sooner burnt. The bricks are- 
first set or placed in it, and then the kiln being 
covered with pieces of bricks, or tiles, the work- 
men put in some wood, to dry them with a gentle 
fire ; and this they continue till the bricks are pretty 
dry, which takes up two or three days, which is 
known by the smoke turning from a darkish colour 
to a transparent smoke ; they then leave off putting 
in wood, and proceed, to make ready for burning,, 
which is performed by putting in brush, furze, spray, 
heath, brakes, or fern faggots, according to tne 
scarcity or plenty of those articles in the neighbour- 
hood. But before they pat in any faggots they dam 
up the mouth or mouths of the kiln with pieces of 
bruks, which is called in some places shinlogs, 
iledt upon one another and close it up, with wet 
rick earth. 

The shinlog they make so high that there is but 
just room above to thrust in a faggot; they then 
proceed to put in more faggots, till the kiln and its 
arc .os look white, and the fire appears at the top of 
the ki In ; upon which they slacken the fire for an 
hour, and let all cool by degrees. This they con- 
tinue to do alternately, heating and slackening till, 
the bricks be thoroughly burnt,, which is usually 
effected in 48 ours. One of. th'*se kilns will burn 
20,000 bricks, and is usually 13 feet long, by. 10 
feet six inches in depth, and the height about 12 fe^t. 
The walls are carried up something out of the per- 
pendicular at the top, and inclining towards each 
other, so that the area at the top is not more than 
114 *qu tre feet ; the thickness of the walls is one 
■ foot two inches. 
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* The brifcks lire set on flat arches, having holes 
left them something like lattice work. 
y Goldham observes that bricks will have double 
the strength if after one burning they be steeped in 
“water, and burnt a fresh. 

As every mail who has occasion to use bricks, 
whether on 1ms own estate, or on that of his laud- 
lord, cannot but be sensible of the great value of a 
perfectly dry house ; and as it is impossible a house 
can be dry if bricks are used which are not suffici- 
ently burnt, such as the place bricks before descri- 
bed, he will do well to consider whether it will not 
be more advantageous to him in the end, to make 
use of no other than the be.-t hard scurd bricks, be 
the colour of them w hat they may, and be the cost 
what it w ill. Such bricks are easily known by their 
sound, and by their striking tire with 'Steel. It will 
be found that, besides the comfort and firmness of 
the building, they w ill be cheaper than place bricks, 
together w ith the expence of battening the walls. 

In the interior of the county of Surrey, tiles are 
almost uniformly used for roofs of houses, and in 
some instances, on barns ; but, between Dorking 
and Horsham, a heavy, but very durable sort of 
fclate stone is used. Nearer London, slates, either 
Welsh or Westmoreland, prevail. As there are 
tnany persons who give the preferance to tiles, it 
Tnay not be amiss to give the result of a cnrioits ex- 
periment on that sitbject, as related by the bishop 
of Landaff. 

“ That sort of slate, other circumstances being 
the same, is esteemed the best which imbibes the 
least watei* ; for the imbibed water not only increa- 
ses the weight of the covering, but in frosty wea- 
ther, being converted into ice, it swells and shivers 
the slate. This effect of frost is very sensible in 
tiled houses, but is scarcely felt in those which are 
slated ; for good slate imbibes but little w ater, and 
when tiles are well glazed, they are rendered in some 
measure, with respect to this point, similar to slate. 
I took a piece of Westmoreland slate, and a piece of 
common tile, and w eighed each of them carefully ; 
the surface of each was about 30 square inches ; both 
the pieces w ere immersed in Water for about ten mi- 
nutes, and then taken out and weighed as soon as 
they had ceased to drip; the tile had imbibed above 
a seventh part of its weight of water; and the slate 
had not imbibed a two-hundredth part of its weight ; 
indeed the w etting of the slate was merely superficial. 
I plated both the wet pieces before the’ tire ; in a 
quarter of an hour the slate was become quite dry, 
and of the same w eight it had before it w as put into 
the water; but the tile had lost only about twelve 
grains of water it had imbibed*, which w f as, as near 
us could be expected, the very same quantity that 
had been spread Over its surface; for it was the 
Tjuantitv which had been imbibed by the slate, the 
surface of which was equal to that of the tile; the 
tile was left to dry in a room heated to 00 degrees, 

\ 


and it did not lose all the wate* it had imbided iw 
less than six days. 

The finest sort of blue slate is sold at Kendal for 
3s. (id. per load, w hich comes to £1. J5s. per ton. 
the load weighing two hundred weight.— The coar- 
sest may be lead for 2s. 4(1. a load, or j£l. 3s. 4d. per 
ton. Thirteen loads of the finest sort will cover 42 
square yards of roof, and IS loads of the coarsest 
will cover the same space ; so that there is half a 
ton less weight upon 12 square yards of jroof when 
the finest slate is used, than if it was covered with 
the coarsest kind, and the difference of the expense 
of the material, is only 3s. Gd. To balance in some 
measure the advantage arising from the lightness ol 
the finest slate, it must be remarked that it owes ii$ 
lightness, not so much to any diversity in the compo- 
nent parts of the stone from w hich it is split, as tu 
the thinness to which the workmen reduce it; and 
it is jiot able to resist violent winds so well as that 
which is heavier. 

A common Cambridge tile weighed 37 ounce?, 
they use at a medium 700 tiles for coveriug 101) 
square feet, or about tw o and a half tons of tile to 
42 square yards, lienee, without including the 
weight of w hat is used in w rapping over, &c. when 
a building is covered with copper or lead, it will he 
seen that 12 square yards of building w ill be cover- 
ed by, 

Cwt. 


Copper 4 

Fine Slate • % . . .20 

Lead ..»••«•* .27 

Coarser Slate. . • . . * ....... 36 

Tiles 54 


From the foregoing statement, it is evident that 
the consequences arising from a cm ering with tiles 
are tw o-fold ; the first, that owing to the weight of 
them, we are obliged to make our plates and rafter? 
of the roots, so much stouter and heavier than there 
is any occasion to do for slates, even of the coarser 
sort ; and consequently this increased strength in the 
tunber, must add to the expence of the fool) sup- 
posing that the same thickness of wall be sufficient. 
Secondly, it is proved, that from the porosity of th p 
tile, it imbibes one seventh part of its weight, or 
above fi\e ounces of water in ten minutes, and that 
it requires the heat of 60 degrees, which is five de- 
grees above temperate, and six days to make the 
tile as dry as it was before it w as saturated. II° W 
much longer the tile may continue wet, during the 
moist winter months^ if it ever dries at all upon the 
roofs of our houses, is a question we are not pre- 
pared to explain. Hut Mr. Malcolm thinks, that 
tiles in a damp state, lodging on timber, for at lea<t 
six months, must injure the timber, and, togethei 
with the unburnt, or place bricks in the walls ,mhl 
produce an almost perpetual moisture, and make a 
house damp and unhealthy at all seasons. 

Before wc conclude this article, we idiall lay J* - 

fore 
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fore our Baders, an account of Mr. Cartwright’s listo be a segment. (See Figure 3.) * Though, if 
patent bricks, as stated in the specification, dated the circle be very large, the difference of the width 
April 14, 1795. — “ The principle of this invention of the bricks, See. at top and bottom, will be so trif- 
will readily be comprehended, by supposing the two ling, as to make a minute attention to this particu- 
opposite sides of a common brick to have a groove lar, scarcely, if at all necessary. When these arches 
or rabbet down the middle, which groove must be a are mpiired to bo particularly Hat, or are applied in- 
little more than half the width of the side of the such situations as admit not of end walls, as in the 
brick in which it is made; there will then be left a construction of bridges, &c. it may be expedient to 
shoulder on each side of the groove, each of which have the shoulders dove-tailed, to prevent the arch 
shoulders will be nearly equal to one quarter of the cracking across, or giving way endwise. ( See 
width of the side of the brick, or to one half of the Figure \.) If the bricks are as wide at the bottom 
groove or rabbet. (See Plate 1, Miscellanies .) A as at the top, the manner of putting them together 
course of these bricks being laid shoulder to shoul- by a dove-tail, is obvious ; when not so wide at the 
der, (as in Figure 5,) they will form an indented bottom, as the top, on one side of the brick, &c. the 
line, or nearly equal divisions ; the grooves, or side* of the shoulders must be parallel, and on the 
rabbets being somewhat wider tlian the two adjoin- other, the sides of the groove or rabbets must be 
ing shoulders, to allow for mortar, & c. When the parallel, so that the two sides of the bricks, See. 
next course comes on, the shoulders of the bricks which fall together, may correspond. (See Figure 
which compose it, will fall into the grooves of the 1, b c.) In forming an arch, the bricks must be. 
first course; and the shoulders of the first course coursed across the centre, on which the arth is turn- 
will fit into the grooves or rabbets of the second; ed, and a groove side of the bricks must face the 
and so on, as is clearly shewn in the plate. This workmen. (Sec figure 6.) It maybe expedient, 
mode of shaping the bricks is to be preferred, as though not absolutely necessary, in laying the first 
being perfectly simple; the principle, however, will two or three courses at least, to begin at the crown, 
be preserved, in whatever manner they may be and work downwards each way. In arch-work, the 
made to lock into, or cramp each other, by what- bricks, $c. may be either laid iu mortar, or dry, and 
ever form of indenture : or whether by one groove, the interstices afterwards tilled, and vy edged up, by 
or more, lint it must be observed, in whatev er pouring in lime putty, piaster of Paris, grouting, or 
maimer the variations from the simple form ( Figure any other convenient material, at the discretion of 
J.) is made, except by straight lines, the two sides the workman or builder, it is obvious, that arches 
of the brick, &c. must proportionally vary, so that, upon this principle, having no lateral pressure, can, 
when they come together in work, tucy may corres- neither expand at the foot, npr spring at the awn;- 
pond and fit each other ; an example of which is consequently they will want no abutments, req airing 
exhibited iu Figure 2, where a and b slew t|ie op- only perpendicular walls to be let into, or to rest 
posite sides of a brick, it may 'make some small upon; and they will want no superincumbent' 
saving in the expence, though perhaps not a prudent weight upon the crow n to prev ent their springing, 
one, if the bricks See. were of such a width as to ad- up — a circumstance of great importance, in many 
jnit a common brick, or piece of plain stone, between instances, iu the construction of bridges. Another 
the shoulders of each of these bricks ; in that case, adv antage attending this mode of arching, is, that 
the groove must be made proportionally wider, the centres may lie struck immediately ; so that tin? 
For the purpose of turning the angles, it may be same centre', (wliich in no case, need be many feet 
expedient to leave bricks or stones, of such size and wide, whatever may be the breadth of the arch), 
.shape, as to correspond with each wall respectively ; may be regularly shifted, as the work proceeds, 
this, however, is not absolutely necessary, as the But the greatest, and most striking advantage at- 
_ groove in the bricks, & c. of each wall, where they tending this invention, is the absolute security it 
cross^ or meet each other, may be levelled, and the affords, and at a very reasonable rate, against the 
bricks vvrap over, as in the common mode. For the possibility of fire; for, from the peculiar properties 
purpose of breaking the joints in the depth of the of this arcty, requiring no abutments, it may be laid 
walls, bricks will be required of different lengths, open, or let into common walls, no stronger than 
though of the same width. Buildings constructed what are required for timbers, of which it >\ ill pre-, 
with bricks, of this principle, will require no bond- elude the necessity, and save, the, expence. ^/’ t 
timber, one universal bond, running through, and. The different kinds of bricks, made in this coun- 
connecting the whole building together; the walls try, are principally njace-bricks* grey*, ami re^ 
of which, can neither crack, nor bulge out, without stocks, marie facing brinks,* ana ciittmg* bricks* 
breaking through (the bricks themselves. When The place bricks, and stocks, are used in common 
these bricks, &c. that is to say, of the simple form, walling. The nrnrlos are made in the neighbour- 
Figure i, are used for the construction of arches, the hood of London, and used in the outside of build- 
sides of the grooves and the shoulders, should be ings; these are very beautiful bricks, of a fine yel- 
the radius of the circle, of which the intended arch low colour, hard, and well burnt, and in every 

respect 
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respect superior (o the stocks. The finest kind of 
marie and red bricks, are called cutting bricks, they 
are used in the arches over windows and doors, 
being rubbed to a centre, and gauged to a height. 
There is also a fine kind of white bricks, made near 
Ip9rwich, which are used for facing, and sometimes 
brought to London for that purpose. The Windsor 
or fire-bricks, which are made at Hedgerly, a vil- 
lage near Windsor, are red, and contain a l u ge pro- 
portion of sand ; these are used for coating furnaces, 
and lining the ovens of glass houses, where they 
stand the utmost fury of the fire. Dutch clinkers 
are also imported, long narrow bricks, of a brim- ( 
stone colour, very hard, and well burnt: they are j 
frequently warped, and appear almost vitrified by | 
the heat. The use of them is for paving yards and 
stables. Sir Henry Wotton, mentions the triangu- 
lar form of brick, from Daniel Barbara, with com- 
mendation; each side of these bricky being a foot. 
They were used in the time of the Romans. Al- 
though, on 9ome particular occasions, an alteration 
in the 9ize of bricks, may not only be admissable, 
but adviseable, yet, in a general sense, any material 
deviation from the common form, and size, would 
be improper. 

In laying bricks, in the summer season, it is ad- 
viseable to dip them* into water, until they become 
saturated ; and when the work is left for only one 
day, the walls should be as carefully covered as in 
the winter; for At such time the mortar sets too 
rapidly, and the necessary cohesion is , destroyed. , 
This evil is increased by the dust which hangs about 
bricks, more especially at this time of the year ; and 
this last circumstance should operate as an addition- 
al motive for adopting the above expedient. While 
the injuries to which brick-work is liable, from 
frost, &c. is known to all ; it is singular, that a 
point of equal, if not superior importance, should 
fee almost wholly overlooked, or at least, generally 
deemed too inconsiderable to merit any particular 
attention. 

The legislature has often interfered to regulate 
the manufacture of bricks. By stat. 12, Geo. 1. 
cap. 35, eart or clay, designed for making bricks 
for sale, shall be dug and turned at least once be- 
tween the 1st. of November, and the Irst. of Febru- 
ary, and not be made into bricks till after the 1st. of 
March, and no bricks be made for sale but between 
the 1st. of March and 29th. of September. But by 
st at. 10, Geo. S. cap. 49, earth may be dug for mas 
k tig bricks at any time of the year, provided such* 
earth be turned o before it be made into bricks. I 
Auci by iae former statute, no Spanish is to be mix- J 


ed with the earth or breese used in the^urniog of 
bricks ; and all bricks are to be burnt in kilns or dis- 
tinct clamps, each set by itself . 

By stat. Geo. 2, cap. 22, there may be mixed with 
the brick-earth any quantity of sea-coal ashes, silled 
or skreened through a sieve or skreen half an inch 
wide, and not exceeding 20 loads to the making 
of 100,000 bricks, each load not exceeding 36 bush, 
els. And breese may be mixed With coal in the bur- 
ning of bricks in clamps for sale, &c. Stock bricks, 
and place brick , may be burnt in one and the same 
clamp, so that the stock bricks be set in one distinct 
arcel, and not mixed and surrounded with place 
ricks. 

For the more effectually securing the observation 
of these larvvs, it was enacted by 12. Geo. 1. cap. 
35. for the better discovery of offenders, that the 
master and wardens of the company of tylers and 
bricklayers should have power to search brick-kilns, 
&c. but they having permitted, and even encoura- 
ged divers persons to make bricks contrary to the 
directions in the said act by 2. Geo. 2. cap. J5, they 
are divested of that power, and any two, three, or 
more persons, appointed by the justices of peace, are 
empowered, within 15 miles of London, to go in tie 
day time into any grounds, sheds or places where 
any clay or earth shall be digged or digging, for 
bncks or pan-tiles, or any bricks or pan-tues shall 
be making or made for sale, and there to view, search, 
and inspect the same, &c. Offenders to forfeit 20 
shillings for every thousand of unstatutable bricks, 
and 10 shillings for eveiy thousand of such tiles ; 
one moiety to the use of the prosecutor, the other to 
the poor of the parish where the offence shall be 
committed. 

By 17. Geo. 3. cap. 42, all bricks made for sale 
shall when burned, be not less than 8£ inches long, 

thick and 4 wide. 

By 43. Geo. 3. c. (^(consolidating the excise 
duties) passed July 4th. 1803^ every thousand of 
bricks made in Great Britain, not exceeding W 
inches long, 3 inches thick, and 5 inches wide, is lia- 
ble to a duty of 5s. and exceeding the foremention- 
ed dimensions to 10s. ; and every thousand of bride 
made in Great Britain, and smoothed or polished 
011 one or more sides, not exceeding the superficial 
dimensions of 10 inches long, and 5 inches wide, is 
subject to a duty of 12s. ; and if such bricks exceed 
those dimensions, to the duty on paving tiles. lj* e 
said duties arete be paid by the makers. An addi- 
onal duty of lOd. per thousand was imposed oft 
brick' and tiles, in the ways and means for the 
year 1805. 
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As there is scarcely an article of more general | 
consumption or universal application than brushes, 
it seems wonderful, that so little has been done to- 
wards rendering them more perfect. We are afraid 
(his is in a great measure owing to a principle, too 
commonly acted on, of making things cheap, rather 
than good. Such a notion will ever operate strongly, 
to. prevent that gradual improvement of the subject 
•which can only arise from more liberal and extended 
views. 

The operation of making & brush, is one of the 
most simple that can be described, ^s there is scarce- 
ly a tool made use of in the business, which is not 
familiar to every workman. We shall begin 
with the Stocky into which the hair is fixed ; 
this is made of any kind of wood that is dry 
and well seasoned, and being brought to the 
.intended thickness, by planing, &c. it is next sent 
to be bored with a quantity of holes, of a proper 
.size to receive the bunches of hair. This is done 
by means of a small collar and mandrel^ with 
.a short bit of the intended size, fixed to it by means 
f of an inside screw, cut in the wood into which the 
. bit is fitted, which corresponds to the screw on the 
mandrel. Each bit being thus fitted, is easily 
changed for a larger or smaller one. 'Jjh© lathe is kept 
m motion by a treadle. The workman then takes tne 
pattern, which is simply a piece of hard, thin, wood, 
with holes bored through it, at proper and regular 
distances from, each other, and oi a size correspond- 
ing with the stock of the brush, to which he attaches 
.it by means of a vice, somewhat similar to those made 
.use of by ladies to confine their work to the table. 
Things thus arranged, the workman stands at right 
angles with the mandrel, and his breast against the 
back puppet, and holding the stock in both hands, 

• with the pattern tow ards him, enters the bit into 
- each hole, one after the other, perforating the stock, . 
; whiqh, from the velocity the bit goes with, is done, 
with astonishing dispatch. This prepares the stock 
. for the reception of the hair, widen is previously 
• assorted, both as to colour and quality, in the fol- 
lowing manner: — Russia hair i9 imported in bun- ! 
dies, of about 71b. each, each bundle contains a 
variety of shades, inserted in locks, as they are : 
taken from the animal ; it is the business of the 
assorter, to select these into heaps, generally four, 
w hich are, black, white, and grey, and the very 
b bright, which the workmen distinguish by the name 
of i illy white, pnd keep for particular purposes; 
sometimes, however, (lie hair is divided into 14 or 
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15 different kinds. The next operation, is the 
drawing or combing it^ to deprive it of all the short 
hair, and other impurities, as well as to separate 
and make it lay more even ; for this purpose a 
steel-toothed comb , is fixed to the table, having 
about 16 or 18 teeth, of 3, or3{ inches long, and 
about half an inch asunder. These teeth are fix- 
ed to a stock of wood, which is attached to the 
bench. Through this comb the hair is drawn, by 
taking smhll quantities at a time, in the hand, till it 
is deprived of all the short and small hair. The 
hair is then knocked up even, into smaller bundles, . 
whiph are tied round, and the small ends of the hair, 

! which of course are of very unequal lengths, are cqt 
away, by a pair of shears.* In this state it is hand- 
ed to the workman who is to set the hair in the 
stock or wood. This part is performed by a man 
who sits before a bench, on which is fastened a 
smooth board, inclining a little towards him ; on 
this board he opens the bundles of hair, taking 
care not to discompose its arrangement. Having 
taken in the left hand a stock or wood, bored with 
holes, as before described, lie bends the. end of -a 
fine brass, or iron wire, wound round a reel, into n 
loop, and passes it, in this doubled state, through the 
first hole, from the back to tlpie front of tht? stock; 
into this.loqp he pule a small bunch of hair, taken 
from the bench, he then dyaws strongly on the 
double wire, with the right hand, which causes the 
hair to double over the wire, before it can follow it 
into die hole, the wire is then a little twisted, by 
way of fastening, and tlie next hole proceeded to 
in the same manner. The wire is never broken off, 
or cut, unless by accident, through the whole pro- 
cess, because, after its entrance into the first hole, it, 
is simply doubled, an^ passed through, and in drau* 
ing it baejt again, the singly wire alone is drawn o.~ # 
In order to prevent the workmen’s hands being 
injured by the wire, they arm them with leather, 
in the same manner as shoemakers. 

After each line of holes is filled, the hair is cut to a 
proper and equal length, by a pair of large shears, 
neldand opened by the fingers and thumb of the ri<ret 

hand 


Whalebone spilt very fine, so as to resemble bristles, has of 
late been roach used asasubsiUMK for jbaif, it is never used alone, 
but mixed with hair, and answers all common purposes extremely 
•well. This ttfrticle is sold of various decrees of ThienCss? the rondo 
of nmotsfecutriig it win be give* ia the 2nd part of this Work, under 
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hand, the lower handle resting in a notch on the 
beneh, to enable the workmen to apply more force 
by bringing the heel of the band to bear oil the up- 
per handle. Through the lower blade are made 
two holes, one near tne point and the other near the* 
heel; those are to fasten a piece of hard wood, of a 

H er and equal thickness, to the inside of the 
e, which, when the shears are used, is brought 
to bear against the stock, and serves to keep the 
blade at the intended distance from the stock, to 
leave the hair of a proper length. 'When cutting 
away the hair with tne shears, the ends of the hair 
are brought to bear against a board standing up and 
fastened to the bench, which causes them to fall in a 
proper position for future use, these ends are com- 
monly applied to the making Of inferior brashes, 
such as sweeping brushes, hearth brushes, &c. ' 

The brush is now handed to another workman, 
who lays a thin vineer of wood on the back, which 
secures the wire and gives the brush a neat and 
finished appearance. The vineer is applied to the 
best clothes brushes with glue, but to common shoe 
or scrubbing brushes, it is only sprigged on with 
small brads. 

Wlien the glue is dry, the brush is brought to the 
intended form with a stock-shave, or patten-ma- 
kers knife, and finished with glass, paper, &c. 

In all brushes of the kind we have been descri- 
bing, i. e , clothes brushes dec. the tufts of hair are 
drawn intp the hole by doubling them ; the process of 
filing the tufts of long haired brushes, such, for 
instance, as sweeping or hearth brushes, is very diff- 
erent ; the hair in these last is set into the wood by 
dipping the ends of small tufts of hair into pitch, 
(kept warm by a small charcoal fire, over which a 
vessel containing pitch is kept, ) and splicing it< 
round the pitched end with a bit of thread, then dri* ] 
vmg it, whilst still warm, into the hole, to which 
it is attached by the tenacity of the pitch. We are ! 
of opinion, that a small quantity of tar would very j 
much improve the pitch by rendering it more due- 
tile, particularly for brushes made in the winter, - 
when it must frequently happen that the pitch is so I 
chilled, by coming in contact with the stock, as to; 
• prevent any sticking or cohesion between the hair! 
and the wood. • ' 

The other class of brushes are such as are tnade 
without any holes for the reception of the hair, and 
may be with propriety called spliced brushes. Of 
this kind are tne painters and glaziers brushes, and 
the brushes made use of by masons for colouring 
and washing the walls of houses. The handles of 
the former are made round and tapering, and the 
workman, after having selected a sufficient quantity j 
of hair, surrounds the handle and splices it round 
near the vmall end, the small end of the stick is 
then passed through a hole in the bench, and the ends 
of the hair resting on the bench, with a hammer or 
^^lkt the handle is driven on, till the large eftd is 


buried a sufficient depth in the hair, or in other 
words, till the hair projects far enough beyond the 
large end of the stick. 

Masons 9 brushes are made by laying the hair round 
the flattened end of the stock or handle, and trap- 
ping it tight with a list of leather, which is drawn 
tight, and small fiat headed nails driven through the 
leather and hair into the wood. ' After this the ends 
of the hair are scared evenly away with a little pitch 
and a hot iron. 

Tooth brushes, nail brashes, and brushes for a 
great variety of other purposes, are manufactured in 
Bie manner we have described, the only difference 
being in the materials of which the stocks are made. 
Tooth and nail brushes are grooved on the back, 
for the wire to lie in,- which grooves are afterwards 
filled up with sealing wax, and then polished or 
scrapea to a finish, with files & c. 

All the waste hair which is drawn out m combing, 
is sold to the upholsterers for stuffing chairs &c. 

Brushes for limners, which are sometimes called 
tools, are made df very soft hogs hair, and as they 
exceed the sine of any single quill, they are kept 
together by splitting or opening quills and wrapping 
them round the hair, letting as much of the quid 
project beyond the root of the hair, as is sufficient to 
form a socket for the reception of the handle, which 
is planted in its place, as soon as the splice has suffi- 
ciently secured the quill to the hair ; tne splicing is 
then continued some way up the handle, and attach- 
es the brush strongly to it. To bring it to a point, 
as well as to soften the hair, it is ground on a stone 
similar to the cutlers grinding stone ; after which 
the splice is rubbed over with a common kind of 
sealing wax. 

Sable brushes are made with much more care than 
any other kind, and the operation requires mud 
skill and ingenuity. These are all made in angle 
quills from the minutest size to the largest. The 
great perfection of brushes of this kind is their com- 
ing to a point and readily springing up to thrir pro- 
per shape, after having been bent out of it. The 
latter quality must chiefly depend on the goodness of 
the hair, but the former in a great measure on the 
skill of the workman. * Hair of a proper quality 
being laid before the workman, in much the san* 
manner as before described, but not deprived of if* 
small or taper ends, the workman commences by 
taking a small quantity of the longest hair, for 
center of the bnfrh, which he surrounds with other 



it is then bound neatly round in two » r three places, 
and the quill being softened by soaking in water, ^ 
forced into it from the large to the small end. 
mel hair brushes are made in the same way as saD , 
but frohi the natural softness and taper of the nai , 
much less nicety is required; as any 
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gx c c edin jrthe sise fcf a tfttfll will readily come to a | a wire rop«, II^BtfraUmito^Hey*«t »igRt WheleS to 
point. Brashes sold wider this name are mott com- 1 the twisted wtra, ’whei»aJ8u«mnt q«aiitity Bf hair la 
notify made of rabbits hair, which the hatters sup- 1 put in for the intended purpose, the handle is formed 
plj,6e itig unfit for their purpose as they use only I »y continuing tW twisted Wire to the desired . 
the down next the skin. I lengths 

Bottle brashes are made by twisting hair between | ^ . 
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BUTTONMAKING. 


Buttons, are articles of dres?, serving to fasten 
clothes tight about the body, and made of silk, mo- 
hair, horsehair, thread, metal, &c. 

The wrought buttons, in silk, mohair, thread, &c. 
are chiefly made at Macclesfield, and form the 
staple commodity of that place. The use of them 
may be traced bach nearly two hundred years; 
they were formerly curiously wrought with the needle 
and made a great figure in full trimmed suits. . In 
order to favour this button trade, an act of parli- 
ment was passed 'about a century ago, inflicting a 
penalty upon the wearer of moulds, covered with 
cloth of thfc same garment; apd this act, after 
having fallen into neglect, was again attempted to 
be enforced with rigour, in 1778, and hired infor- 
mers were engaged thqughogt the Kingdom to put 
it into execution, an odipgs, ;and very uncommer- 
cial, mode of enforcing < a manufacture, the result 
of which, was rather to promote the. use of metal and 
horn buttons. 

It m?ty not perhaps be improper to remark that 
persons wearing buttons collating merely of a 
mould, covered with doth, , are stiU liable to! 
penalties, from forty shillings to. five pounds per! 
dozen. The importation of Buttons is prohibited 
on pain of forfeiture, and a penalty of £ 100 on the 
importer, and £50 on the seller. 

1. Common buttons are generally made of mohair; 
some however are madepf silk and others of thread, 
but the last are of a very inferior sort. In order to 
make a button of this kind, the mohair must be 
previously wound on a bobbin, and the mould fixed 
to a board by means of a bodkin thrust through the 
middle of it; this being done, the workman wraps 
the mohair round the mould in three, four, or six 
columns, according to the button. 

9. Horse-hair buttons . — The moulds of those are 


covered with a kind of stuff, composed of siUraiff 
hair, the warp being balladine silk, and the short 
horse hair.- This stuff is wove with two selvages, 
in the same manner, and the same loom a a ribbons ; 
it is then cut into square pieces, which are sewn 
round the moulds. Tne superfluous hairs, and hube 
of silk^ are next taken off, and the button rendered 
glossy, which is done by putting a Quantity of but- 
tons into a kind of iron sieve, called by the work- 
men a singing box ; then a little spirit of wine 
being poured into a kind of shallow iron dish, and 
set on fire, the singing box, containing the buttons, 
is shaken hriskly over the, feme 'Jof the spirit, by 
which means the superfluous hair, hubs of silk, &c. 
are burnt off, without injuring the buttons. Great 
care must be taken to keep the buttons in the sing- 
ing box constantly in ipatipBU foij if they are suffer- 
ed to rest over the flame.* they immediate^ 
bum. When all the superfluous patter is burnt off, 
the button are taken out of the singing box, and 
put with crumbs of bre$d mto a leptner bag, about 
three feet long, and of a. conical shape ; thp mouth, :■ 
(which is at the small end^ beipg tied, the work- 
man takes an end m each hand, and shakes it brisk- 
ly with a particular jerk, which cleanses the buttons, 
and renders them very glossy, and fit for sale. 

3. Gold-twist buttons .—' The moulds of these are ' 
first covered in the same manner as the commcfci 
buttons; they are next covered with a thin plate 6f 
gold qr; silver, and then wrought over in, different 
forms, with! purle and gimp;, the former is kind' 
of thread, {composed of s silk and gold wire, uVisted • 
together; and die latter, capillary tubes, ,of gold, 
or silver, about the tenth of an inch long’, joined • 
together, by means of. a fine needle, filled with silk, 
and, put through them, in the same manner as 

|! bead* aresti'USg,,. ... 
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Birmingham, and fc rm aeoosidereble article of 
.commerce. ' " ' „ , 

Hattons,! when first given form to, n*e called 
blanks, and are either struck out of a large sheet 
of metal, with a punch driven by a fly-press, or cast 
in a pair of flasks, of moderate size, containing 10 
or 12 dozen each. In this latter case, the shanks 
are previously fixed in the sand, exactly in the cen- 
tre of the impression, formed by each pattern, so as 
to have their extremities immersed in the melted 
metal, when poured into the flask, by which means 
they are firmly fixed in the buttons when cooled. 
The former process is generally used for gilt, and 
elated buttons, and the latter for those of white 
and yellow metal. We shall first give an instance 
of the former mode of procedure, as used in the 
manufacture of gilt buttons. The gilding metal is 
an alloy of copper and zinc, containing a smaller pro 
uortion of the latter than ordinary brass, and is 
made either by fusing together the copper and zinc, 
.or by fusing brass, with the requisite additional pro- 
portion of copper. This metal is first re led into 

sheets of the intended thickness of the button, and 

the blanks are then punched out, as before men- 
tioned. The blanks, when formed if ^tended fog 
plain buttons, are usually planished by a singe 
stroke of a plain die, driven bythe same engmethe 
tlv -press ; when for ornamented buttons, the figure 
is frequently struck in like manner, by an appropri- 
ate die, though there are others which are oma- 


atC ^’h^Sd The” shaSkT iSdk « made II cold water. >e amalgam hem 
niented b\ » • ** * . " -• nfli rtf aliAtnois leather, and so 


dered more perfect. Thu fint -tfofv toward* fie 
j gilding of all the alloy of copper, consist* in tow 
\ ipg the surface uniformly with a thin stratum #t 
* mercury, by which means the amalgam, which is 
afterwards applied, attaches itself to it^uiuch mote 
readily than it would otherwise do. Ibis part of 
the process is called quicking, and is affected bj 
putting any given quantity ol buttons, (perhaps a 
nross,) into an earthern vessel, with a quantity of 
mercury, which has been previously saturated vitk 
nitric acid; and thus, the buttons and mercury are 
stirred together with a brush, till the mercury, car- 
ried by the affinity of the acid to the copper, ad- 
heres to the buttons, whose surfaces become uiu- 
formly covered with it. The mercury which tap 
in loose drops on the buttons, is then shaken off,ba 
jerking the whole violently in an earthern ves*!, 
full of small holes, called by the workmen, a basket, 
this operation leaves them with an even, and com- 
pletely covered surface, giving them the appearawe 
of Silver; they are then ready for receiving t* 
amalgam. The amalgam is made by pouri g n 
given quantity of mercury ihto an iron tattle, ik 
inside of which has been previously guarded, 
that is, rubbed over with dry whiting, to prrrcm 
the gold fro hi adhering to the iron ; into mer- 
cury. is thrown the portion of pure gold, intended 
to cover a pven Quantity of outtons ; these 
metals are heated together, till the workman per- 
ceives that there is a perfect union between (beta 
when he empties his ladle into a vessel, conta™? 
wator. The amalgam being cold, is put w* 1 


nientea dv imuu. ^ r i 

with wonderful facility and expedition, by means of 
a very curious engine, are then temporarily attach- 
ed to the bottom of each button, by a wire damp, 
like a Dair of sugar tongs, and a small quantity oft 
solder and ro-inapplied to each. They ore in this 
state exposed to heat, on an iron plate 
about a gross, till the wider runs, and the shank 
becomes 6 fixed to the buttons, after which tlnw are 
pS singly in a lathe, and their edges tnrrted oft I 
Smooth^. The surface of the meta , which has be- 
Sr. uin small degree, oxyvfated by the yfion of 
'tlie heal in solderihg, brnext to be cleaned, which 
iu this, as well as in many other ,n |J* 

manufacture of metallic articles is elected bythe 
process of dipping, or pickling; that is, many dewens 
Jf them are put into an eartliern vessel pierced faH 
If ho’es, like a cutihder, the -whole dipped into a 
-vessel of diluted nitric acid, suffered to drain tor a 
fNnteeonds ; again dipped successive!,,- into four or 
•five other vessels, of pure Water, and then dried. 

The next operation is rough burnishing, winch 
•is performed bv fixing the buttons in A lathe and 
applying to them a burnisher, made of hard black 
-stone got from Derbyshire, ^u^ inah^dfe,^ 
(he diamond of a glazier, by which nwar^tbe nn- 
uute pores, occasioned by the * uc< ^ e 

and the acid, are closfcv and the WttoM tw 


COIU WttUT. i .1^ ^ — y .A 

piece of aliantois leather, ami amieezed till no m 
mercury will pass through. What passes ^ ^ 


mercury will pass tnrougn. 7 „y 

ther, contains not the smallest P 01 ^®" f y 
what remains, wilf be about the constancy of^ 
ter, so completely united, that every pin 1 
mercury wifi contain an equal portion P 
The amalgam should then be put mto.an en^ 
vessel, and a small quantity of nitric and, ^ 
thereto, allowing sufficient tina? d* * ^ 
unite with the mercury. ,But the b 
amalgam, are commonly mtreduced 
quantity of diluted mtnc acid die 

that, for want of a complete union betwew 
mercury and acid first, if there be to 

abundancy of acid, there may not be ^ 
cany all the amalgam to the ^fa* ? fID bp(» 
When the acid has had sufficient *1®®“ butl0 * 
(as workmen call it) the mercuiv ; 
should be introduced, and stirred tiU 
completely attaches to the whole surface oi 

1 10 The quantity of gold use d , » 
to a gross of buttons, of au inch in dianw ^ 
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next process, Is the volatilization of the mer- 
euiy, by heat, which is called by the workmen dry- 
ing 1 off. This is performed by first heating the but- 
tons in an iron pan, somewhat like a large frying- 
pan, till the amalgam, with which they are covered, 
becomes fluid, and seems disposed to run into drops, 
on which they- are thrown into a large felt cap, 
made of coarse wool, and goat’s hair, called a gila- 
ing cap, and stirred about with a brush, to cuuse\the 
gold, to be equally spread over them. They are 
then again heated, again thrown into the gilding 
cap, and stirred, and these operations are repeated, 
till the whole of the mercury is volatilized or dried 
off. This part of the process, as will readily be 
conceived, is extremely unwholesome, and has the 
most terrible effects on the constitutions of the 
workmen. Mr. Mark Saunders, an eminent but- 
ton-maker, of Birmingham, has substituted the fol- 
lowing apparatus, with success. 

A heartn, of the usual height is to be erected ; in 
the middle of which, a .fire-place must be made, 
with an horizontal flue, for the purpose of conduct- 
ing the smoke backwards, to the chimney. An iron 
plate is to cover the fire-place, over which tyust be 
erected a chamber, of a pyramidal form, the back, 
and sides of which, may be formed of cast, or sheet 
iron, or any other suitable material, and the' front 
closed with a glass sash, leaving only sufficient 
room between tne hot plate and sash, fqr moving 
the pan backwards and forwards with facility ; bv 
this means, the workman is enabled to have a full 
view of his work, without being exposed to the 
fumes of the mercury. The mercury when volati- 
lized by the heat, will ascend into the top of the 
chamber, to which is to be fitted, a tube, bent down- 
wards, inserted into a tub or cask, through the cover, 
which should be made air tight; in this tub or cask, 
another tube is to be fixed perpendicularly, but 
bent down at the top, and terminating in an open 
cask, into which the tube should descend, at least 
IS inches. Both the casks must be partly filled 
with water, nearly as* high as the mouths" of the 
tubes. By this contrivance, the mercury will be 
condensed in the tubs, and the health of the work- 
men preserved. The latter cask or tub, Mr. Saun- 
ders recommends being placed outside the building. 

The last process is burnishing, which finishes, 
and fits them for carding. j 

The ‘white metal buttons , which are composed of j 
brass, alloyed with different proportions of tin, after 
having been cast as before mentioned, are polished, 


with roerrurv, will sprend over a smooth surface of copper. Five 
grains, worth one s.l»illin£ and threepence, mi the fare of a 
gross, that is 141 buttoi*, each of one iivh diameter, are sufficient 
fo excuse the manufacturer from the penalty inMclul bv an act of 
parliament : yet, many, upon an assay, arc found to be deficient 
of this small quantity, and liie maker fined, and the buttons forfeited 
accordingly. Many hundred grosses have been tolerably gilt with 
half that quantity « to such extent can^ Id be spread, ( when incorpo- 
rated 'W iib mercury,) over the surface of a smooth piece of copper.” 


by turning them irr a* lathe, and applying success 
sivelv, a piece of buffalo skin gluect on wood, , 
charged with powdered grindstone, and oil, rotten 
stone, and crocus martis. They are then white- 
boiled, that is, boiled with gram tin, in a solution 
of crude ml tartar, nr- argol, and lastly,' finished 
with a buff, with finely prepared crocus. 

5. Glass buttons . — These articles are frequently 
wholly composed of glass, variously coloured, iu 
imitation of the opal, lapis lazule, and ether stones* 
The glass is kept in fusion, and the button nipped 
out of it whilst in a plastic state, by a pair of iron 
mould*, like those used for casting pistol shot, 
adapted to the intended form of the button; the 
shank is previously inserted into the piould, so that 
it may become imbedded in the glass when cold. 

6. Mother of pearl buttons . — The mode of fixing 
the shanks to mother of pearl buttons, is by drilling 
a hole in the back of each button which is undercut, 
that is larger at the bottom than the top; the shank 
being driven in with a steady stroke, its extremity 
extends on striking against the bottom of the hole, 
and becomes firmly rivetted into the button. To 
these, fossit-stones are frequently added, which are 
usually attached with isinglass-glue, steel studs 
are also often rivetted into buttons of this and vari- 
ous other kinds. 

7. Shell buttons . — Are those which consist of a 
back, generally made of bone, without any shank, 
but corded with catgut, and covered in front with a 
thin plate of metal struck w ith a die. The backs 
are cut out with a brace or stock, the bit of which is 
a circular saw, similar to the saw made use of in tre- 
panning, and the four holes through which the cat- 
gutpasses, are drilled by four drills moving parallel 
to each other, and acting at once. They are then 
corded by children, who tie the catgut on the inside; 
the cavity is filled with melted rosin, and the metal 
shell applied warrh. The button is then pressed be- 
tween two centres in a lathe, which are forced toge- 
ther by a weight acting on a lever,, and the edges of 
the shell turned down during its revolution with a* 
small burnisher. 

In the year 1790, a patent was granted to Mr. 
Henry Clay, of Birmingham,Jbp a new method of 
manufacturing buttons of slate or slit stone; and in 
1800, Mr. Joseph Barnett, of the same place, ob- 
tained a patent fora mode of making buttons, by 
fixing two shanks or othe^ fastenings on one button, 
one at each side, on the under surface, opposite to 
each other, instead of only one in the centre, 

By 36 Geo, 3, c. 60. any person putting false 
marks on gilt buttons, erasing any marks except 
such as express the real quality v or any other words, 
except real gilt, or plated, incurs the penalty oifor- 
feiting such buttons, and also £5. for any quantity 
not exceeding 12 dozen; and if above, after the rate 
of £1. for eveiy 12 dozen. The penalty, however, 
does not extend to those who mark the words dou- ♦ 

F f ble* 
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ble and treble gilt, provided, in tbe case of double 
gilt buttons, gold shall be equally spread upon their 
upper surface, exclusively of the eciges^ in the pro- 
portion oflO grains to the surface of a circle IS inches 
in diameter, and in that of treble gilt, the gold shall 
amount to 15 grains in the same proportion. The 
.penalty on making false billrof parcels, expressing 
any other than the real quality of such buttons, is 
£ 20 . and that on mixing buttons of different quali- 
ties, forfeiture of the same, and £ 5 . for any number 
between one and 12 dozen, andabove this number 
£ 1 . for every 12 dozen. In order to ascertain 
what shall be deemed gilt or plated buttons, gilt 
buttons shall have gold equally spread upon the up- 
per surface in the proportion of five grains to the 
surface of a circle 12 inches in diameter, and plated 
^buttons shall have the superficies of the upper sur- 


face made of a plate of silver fixed upon the copper 
or a mixture of it with other metals, previously to 
its being rolled into sheets of fillets. All pecuniary 
penalties may be recovered by action or suit within 
three calendar months, in the court of Westminster, 
and one justice may, by warrant, cause metal but- 
tons liable to forfeiture, to be seized and kept in 
safe custody, to be proauced as evidence upon any 
action, or cause them to be destroyed. Pecuniary pe- 
nalties may also be adjudged by two justices in the 
place where the offender resides or the offence is com. 
mitted. This act, however does not extend to butte 
made of gold, silver, tin, pewter, lead, or mixture 
I of tin and lead, or iron tinned, or of Bath or white 
metal, or any of these metals inlaid with steel, or 
buttons plated upon shells. 


CABINETMAKING. 


The business of a cabinet maker, and that of an 
upholsterer, are now so generally united together, 
that, any observations on either of these branches, 
may, with propriety be comprehended under one 
general head. 

As cabinet making may be considered a superior 
jkind of joinery, so much of its principles, and prac- 
tice, will be found under that article, as to renaer it 
unnecessary to enter fully into the constructive part 
of the art, in the present article ; we shall therefore 
confine ourselves to such particulars, as are peculiar • 
to this branch, and endeavour to point out, for th^ 
direction of the student, the various qualifications 
necessary, to bis excelling in it. 

These are numerous, and difficult to acquire, and 
seldom, if ever, concentre in any single person. 
The complete cabinet, maker, should add to a cor- 
rect taste, and sound judgment; a knowledge of 
drawing, perspective, architecture, and mechanics, 
besides the other qualifications of a good workman. 
Although the principles of this art, are eqifally fix- 
ed as those of joinery, ("so far as they relate to 
framing, or putting work together,) yet, from the 
continual change of fashion, continual modifications 
of them, become absolutely necessary ; in order to 
meet some new circumstances in the execution of the* 
endless variety of articles, which, the wants, or 


rather the luxuries of the present state of society 
require. 

The art of cabinet making differs from most other 
arts, in many particulars. In the first place, the 
articles made by the cabinet maker, are not onh 
very numerous, but there are not, even from the 
same shop, two articles of the same description’ 
which do not vary in their form and mode of manu- 
facture. In the second place, many pieces of fur- 
niture are daily falling into disuse, whilst others are 
introduced, which, for a time, are considered as in- 
dispensably necessaiy to our comfort. From these 
circumstances, it must be obvious how impos$ib e 
it is to lay down precise instructions, as to the for- 
mation of particular articles of furniture, where 
shape and dimensions are continually vaiying, an 
indeed, were it practicable, it would be necessaiji 
for the reason before stated, that cabinet, like fema e 
fashions, should be published monthly. Still, how 
ever, we may offer some observations that may ae 
useful ; for though, in some instances, the figure an 
form of particular articles, may vary, yet 
general principles remain the same. 

As a first step* we should recommend to 1 4 
student, the 
models, but 


the 


iod 


step* _ 

practice of drawing from any S U( 

V ~ subjects con- 


more particularly from 


ill 


nected with architecture, by which means, 
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E adually become more and more familiar with the 
autiful combiifetions, so eminently conspicuous in 
the remains of ancient Greece and Rome. Thi9 
will not only give him a facility of drawing any 
tiling- that maybe required, but it will tend to en- 
large his powers of design, and create juster notions 
of proportions, which is the very essence of this art. 
A knowledge of architecture is the more necessary, 
as the stile of furniture should ever be in unison 
with the character of the bnilding for which it is 
designed. An acquaintance with perspective, is no 
less necessary, than a knowledge of drawing : and 
' without its aid, the design for any article of furni- 
ture must be very imperfect; besides, it is some- 
times necessary, not only to delineate the particu- 
lar articles of furniture, but to shew the effect it is 
likely to produce, when placed in the apartment, 
for which it is designed. By the aid of perspective, 
one drawing will exhibit more than one side, from 
one point of view, and consequently, a better, and 
more connected idea may be formed, of the general 
effi'ct. There will be no necessity, either for 
making many drawings for the same piece of furni- 
ture, in order to shew its effect at different points. 

As drawing will be noticed under a distinct head, 
it is unnecessary to enter into the subject here. The 
same may be said of perspective geometry, and 
mechanics, which must, of necessity, be seperat el y 
considered in a work of this kind. We can only 
earnestly recommend to those who aspire to -the 
attainment of eminence in this art, to study those 
rules of proportion which are presented in the works 
of the ancients. 

As it is the fashion of the present day, to report 
ti>a number of contrivances for making one piece of 
furniture serve many purposes, “ a bed by night, 
a chest of drawers by clay,” • it becomes neces- 
sary, on this account, as well as on many 
others, that the complete cabinet maker should 
be acquainted with tne principles of mechanics; 
which will not only enable him to calculate, with 
certainty, the effect of any combination -of contri- 
vances he may chuse to introduce, in works of this 
nature, but will save him mortification, and his cus- 
tomers disappointment, in case of failure, arising 
either from a want of a due proportion of strength, 
in places where it is required, or from a redun- 
dance where less would have better answered the 
purpose. In this power of calculation, consists the 
most striking difference between the man who is 
acquainted with the principles of his art, and him 
who is not. In the work of the former, you- w ill 
ever find, that substance is given to such parts only 
as require strength, as he well knows, that where 
an y part of an article of furniture is heavier than its 
use requires, it carries with it the means of its own 
destruction. To an ignorance of this kind may be 
ascribed, the frequent failure in the mechanical ef- 
fect of doors and lunges, arising,- we or^ inclined to 


believe, from the use of binges of an improper fi- 
gure, or less strength than circumstances require. 

Though we have specified hinges, we do not by 
any means confine our observations to them, but 
consider them as extending to a thousand different 
things; perhaps there is not a single instance of any 
piece of furniture being made without some defect 
ot this kind, which might easily be obviated, if tne 
geometrical principles of carpentry were better 
understood, and the knowledge of mechanics more 
generally cultivated. 

The following miscellaneous observations on va- 
rious branches of this art, will we trust be found use- 
ful to the generality of our readers. 

All remarks on the nature and application of dif- 
ferent kinds of woods, wliich do not belong exclusive- 
ly to this trade, will be found under the articles tree, 
timber , and zcood i m the second part of our work. 

Veneering , V aneering, or Fmeering , is a kind of 
.marquetry, or inlaying, by which several thin slices 
or leaves of fine wood, of different kinds, are applied 
and fastened on a ground of some common wood. 

There are two kinds of inlaying, the former of 
wliich goes no farther than the making com part i- 
ments "of different woods; the latter which is 
not so common, requires much more art, and repre- 
sents flowers, birds, and the other figures. The first 
kind is what is properly called veneering; the latter 
is denominated marquetry. 

The wood intended for veneering is first sawed 
out into slices or leaves, about a line thick ; and in 
order to saw them, the blocks or planks are placed 
upright in a kind of vice or sawing press. These 
slices are afterwards cut into slips, and (hshioned 
divrrs ways, according to the design proposed; after 
the joints have been carefully adjusted and thepieoes 
brought down to their proper tliickness, with sever- 
al planes adapted for the purpose, they are glued 
down on a block or ground of dry wood, with good 
strong English glue. After -the pieces have been 
thus joined and glued, the work, if small, is put into . 
a press ; if large is laid on a bench covered with a 
board, and pressed down with poles, or pieces of 
wood, the upper end whereof reaches to the ceiling 
of the room, and the lower rests on the boards. 
When the glue is quite dry the veneered work is 
taken out of the press and finished; first with little 
planes,' and then with divers scrapers, or rasps, 
which take off dents, roughnesses &c. left by the, 
planes. When sufficiently scraped, the work is 
polished with the -skin of a sea-dog, wax, and a' 
brush and polisher of shave-grass, which is the last 
operation. ... 

Grounds for veneering on, should be very diy, 
and formed of such wood as is least liable to fly 
(split) or warp. The veneer should also be dry and 
‘well toothed with the tooth-plane. The utmost 
attention should also be paid to the bringing the* 
veneer to an egual ihjckne>s,< which -ia done-witti tto* 

tooth-plane^ 


* 
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tooth-plane) before it is laid, otherwise there will be* 
considerably more, labour and difficulty in bringing 
the thick and rare stubborn parts, sufficiently into 
contact with the ground on which the veneer is to 
be laid. ' * 

The wood on which the veneer is to be laid, after 
being toothed, is to have a coat of glue laid on thin 
with a brush, this must be suffered to drv before the 
veneer is applied, and kept warm before the fire. 
The veneer should be wetted with a sponge on the 
outside, and the glue laid with a brush on the other, 
while the whole is kept hot with a quick fire raised 
by a few shavings. In this state it is put on the 
piece to be veneered, over the surfaces of which the 
veneering hammer must be drawn in all directions, so 
as to drive out the superfluous glue at the edges : 
and let it be observed as af general rule, in this as in 
all matters where cements are used for uniting sub- 
stances together, that the more closely the surface 
can be brought together (and consequently the less 
cement used) the firmer will be the' work. 

In large cirular work the same mode is pursued, 
except that hand screws, and pieces of heated wood 
are employed to keep down one end whilst the 
other is laying. Smaller work is frequently done 
with a hot cam. 

Marquetry, differs from the former in many par- 
ticulars, and may properly be called painting in 
wood ; as various imitations of nature are produced 
in this way. 

Sometimes coloured glass, marble, tortoise-shell 
and metals are made U9e of, either singly or united 
with wood ; but such pieces as are composed of 
stone pr glass, are more commonly called mosaic 
work. 

The art ofinlaying is very ancient, and is suppos- 
ed to have passed from east to the west, among 
other branches of knowledge, brought to the Romans 
from Asia. At this early period the process was 
simple, nor did it arrive at any tolerable degree of 
perfection, till the 15th. century among the Italians ; 
it seems however to have attained its greatest per- 
fection in the 17th. century among the French. 

The finest works of this kind were done in black 
and white only, which is now called Morescos, till 
John of Verona, a cotemporary with Raphael, who 
had a genius for painting, stained his wood with dyes 
or boued oils, but he went no farther than the re- 
presentation of buildings a»d perspective*, which 
require no great variety of colours. Those who 
succeeded him, not only improved on the invention 
of dyeing the woods, by discovering a secret mode of 
burning them in without consuming, which served 
exceedingly Well for the shadows ; but they enjoyed 
the advantage of acquiring a number of fine new 
woods, of naturally bright colours, by the discovery 
of America. With these assistances the art is now 
capable of imitating many thing's with almost as 
Mich. exactness and fidelity as painting. 


The ground whereon the pieces are to be ranged 
and glued, is ordinarily of oak or fif* well dried, and 
to prevent warping, is composed of several thick* 
nesses glued together, with the grain of one layer 
intersecting the direction of the other. When the 
wood required for use has been reduced into leaver 
or planks of the intended thickness, it is either 
stained with some colour or made black for shadow, 
which some effect by putting it into sand, intensely 
heated over the fire, others by steeping it in lime 
water and sublimate, and others by immersing it in 
oil of sulphur. Thus coloured, they are reduced to 
the contour or shape designed in the following man* 
ner; which, as the operation requires much pati- 
ence and attention, is considered as the most diffi- 
cult part of marquetry. 

The two chief instruments used herein, are the 
saw and the vice ; the latter to hold the materials to 
be formed, the former to take off from the extremi- 
ties as occasion may require. The vice is of wood, 
and has one of its chup6 fixed; the other is move- 
able, and is kept open by a wood spring, similar to 
the smiths vice, but it differs from k in having no 
screw, whose office is supplied by means of a cord 
fastened to a treadle, and acted on by the foot, which 
thereby draws the chaps together. 

The leaves to be formed (for frequently three or 
four of the same kind are united together) are pla- 
ced within the chaps of the vice, after the design or 
pattern has been previously glued to the outermost 
leaf ; the workman then presses his foot on the trea- 
dle, and thus holding the several leaves firmly toge- 
ther, runs over or rather follows the outline of the 
design, with veiy narrow and thin saws. By thus 
forming two, three, or four pieces together, the 
workman not only gains time, but the work itself is 
better enabled to sustain, the efforts of the saw; 
which, how delicate soever it may be, and how 
lightly soever the workman may conduct it, would 
without such a precaution raise splinters to the 
great injury of the work. 

If the work is intended to consist of a single sort 
of wood, or of tortoise-shell on a tin or copper 
ground, or vice versa, two leaves only are formed 
one on toother, viz, a leaf of metal, and a leaf of 
wood or shell ; this is called sawing in counter 
parts, for by filling the cavities of one of the leaves 
with the pieces coming out of another, the metal 
may serve as a ground to the wood, and the w ood to 
the metal. . . 

The pieces thus formed with the saw, and marked 
so that their correspondent parts may be readily as- 
certained, are shadowed in the manner already men- 
tioned ; they are then veneered or fastened on the 
common ground, with the best English glue, 
ed together as before described, and finished m 
the same way, and with the same materials as «i 

common veneering; with this difference, however, 
that in marqpetry, the tine branches, and severe 
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the more delicate parts of the figures, are touched 
up and finished witn the graver. 

A very beautiful method of producing the resem- 
blance of painting on wood has lately been discovered, 
which, as it has the happiest effect, (particularly in 
representations of animals, shells &c.) with less 
trouble than by any of the preceeding methods, we 
shall give the best account of the process we have 
been able to procure. 

When a design has been fixed on, procure a piece 
of seasoned wood of a close grain ana light colour, 
(holly is to be preferred where it can be got of suffi- 
cient size) and when the outline of your design has 
been traced upon it, (which may be done by daub- 
ing over paper with some grease or oil mixed with 
the snuffs or candles, and lading it on the wood with 
the coloured side towards it,) place your design ori 
it, and trace firmly with a skewer or blunt wire, the 
outline of the subject intended to be transferred to 
the wood ; then remove the paper and print, and you 
w/il find the outline of your subject sufficiently 
strong on 4 the wood; if necessary it may begone 
o\ er with a black lead pencil, in order to give more 
force to certain parts. When this is accomplished, 
place the board ou an easel with the original design 
by its side. The tools used for producing the effect 
are very simple, and are made of small bars of cop- 
per or iron, (the former of which is prefered) of 
about four or five inches long and forgea with points 
of different kinds, some sharp, some ilat, and others 
round, with a spill to fix them in a wooden handle, 
in much the same way as the tinmans soldering-iron. 
These irons, when heated to a proper degree, are to 
be used in the same manner as limners use their 
painting brushes, by applying them first to produce 
the strongest shadows, and then using them as they 
cool for the more delicate, taking care during the 
operation to adapt the different points so as to pro- 
duce the desirea effect. In this way with a very 
little experience, such surprising force and truth 
of delineation may be given to designs’, that they 
may be rendered equal almost to the originals. 

We have seen a representation of a tiger and 
other animals done in this way, which might certain- 
ly be mistaken, even by judges, for a painting in oil. 
In this as in painting the right hand is supported on 
the maul stick, which is held in the left hand ; and it. 
is adv isable to have a .fire near the work, that the 
tools may be frequently heated, which will obviate 
the necessity of having them heavy, a circumstance 
that cannot be too much avoided. We may fairly 
expect from the specimens we have seen of this in- 
genious mode of painting, that the pannds of v our 
cabinets may be made to exhibit performances in this 
wayr, that shall rival the most successful attempts of 
imitative art. 

a JB//mfc.-^The cheapest kind of blind is that form- 
ed of green canvas fixed to two sticks* either of ma- 


hogany or wainscot, and hung by a couple of rings, 
and hooks screwed to the lowermost sash frames. 

The frames of the sort most commonly used are 
composed of mahogany, made so as to fold either in 
two or in one leaf, with green stuff of the same kind 
strained into a rabbet in the frame. These blind's 
are sometimes fixed with slip hinges, so that the 
frames may occasionally be taken oft*. When they 
are made to fold, they have a holt on the left side, 
and a turn buckle in the centre of the right to keep 
them in their place. 

The more fashionable blinds are all of wood, pain- 
ted green, except the frame, which is of mahogany. 
The blind part is either composed of upright or hor- 
izontal narrow laths which are an eighth part of an 
inch thick, painted a bright green, and move by 
means of a lever, to any position, for admitting more 
or less light. 

In cutting out laths for Venetian blinds, to pre- 
vent their warping (which they are disposed to do 
from their thinness and exposure to the sun) saw 
them with the hand saw from the edges of a deal* 
instead of from the centre, which is much more sub- 
ject to warp. If possible it would be advisable to 
split them out of clean grown stuff in the same man- 
ner as common laths, and to plane them up after- 
wards. . 

The blinds most approved of at present are with 
upright laths, and move by turning a brass knob a tv 
uie upper side of the frame. 

The latest improvement of these is by Mr. Stubbs 
of Oxford-street, who caps the ends of the laths- 
with brass, so that they are secure from splitting 
by the wire put in to move them by. At each enci 
of the laths are two of these wires, which by holes 
communicate with two brass slips let into the top- 
and bottom of the mahogany frame. These brass 
slips slide past each other in the manner of a paral- 
lel ruler ; for the laths fixed to the brass, act with 
them in the same manner as the brass joints to the 
sides of these sort of rulers. 

Rolling blinds, for internal use, are either with 
spring barrels made of tin, or turn on a plain oak 
stick of 1$ inch diameter. 

Spring rolling blinds are charged by a worm 
spring, made of wire, coiled up in a barrel, or cy- 
linder, which draws the blind up close to the cylin- 
der, by the relaxing of the spring, in the same way 
as the chain is wound rouna the barrel of a watch, 
by what is commonly called, its going down^ 
Hence, if the power of this spring be not properly 
adjusted to the length of the canvas, or in other 
words, to the height of the window, it is very 
liable to go wronff, and get spoiled. If a spring be 
over-charged, it has not sufficient room in the bar- 
rel, consequently the wire will twist out of form, 
and the spring will be obstructed ; but if it be not 
enough charged, then it is incapable of drawing up* 
the canvas to the top. To remedy this defect, the 
Gj spring 
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spring roust be taken out of the case, by which it is 
screwed up to the wiudow, and the charge must be* 
increased by a few more turns round the roller, or 
barrel, before it is put up again. To obviate the 
defects of these* spring blinds, Mr. Stub's has in- 
vented a newly constructed spring, which, though 
confined to a small barrel, will draw up with ease 
any length of canvas, to 100 feet, if required. And 
should a w indow be uncommonly narrow* and high, 
which, upon the old plan, always proved a mat er 
of embarrassment, his spring effectually answers the 
purjKjse. 

One peculiar advantage accompanying this new 
invented spring blind, is its not being subject to the 
defects of the other kind. These blinds are intend- 
ed to keep the sun from the room, not merely on 
account of lieat, but to prevent the discharge of co- 
lours. and the injury done to elegant furniture, in an 
apartment where the heat of the suu is suffered to 
have uninterrupted access. 

The plain rolling blinds, without springs, are 
most in use, being both cheaper, and answering the 
same end. These have either a wood or a brass 

f ml ley at each end, one with a channel to receive a 
iue, and the other without any, to guard the canvas 
as it rolls up, this is effected by a line passing round 
in the above channel, fixed to a brass rack, contain- 
ing a small pulley that receives the line, which, by 
r being tight, draws down, and enables the blind to be 
drawn up to any height. * 

White Silesia is to be obtained of any width from 
feet 5, to 4 fret 6, ot; wider; a great variety of 
widths should be kept for making blinds, as it is 
alxolutely necessary to have them exactly the width 
of the w mdow. in order that the selvages maybe 
retained, as hemming would otherw ise render the 
widths loo thick to roil close about the cylinder. 
T .ere are also Venetian blinds tor the same pur- 
y ^e, that draw up by pidlies fixed on a lath, 1 inch 
t in the same way as a festoon w indow curtaiu. 

Evened sun blind' are also various. Tno-e for 
shop windows come down over an lier. .fixed with- 
in a box or case of wood, which receives the can- 
vas.) and when let tall from the inside, are stayed 
by iron rods. 

Trtere are other blind* now in use, for shop w ia- 
-dowrs. made in light frames strained with canvas.’ 
w -»c * beu;g hingx'J to an outer lrai.o, made to re- : 
cene these, some limes three or mert' m number. ; 
n)'*%e ail at one time to a y convenient angle. so as 
to t xcl u.le 1 : n? su n. Tern, kie in w a i e h t run m o ve 
;ri» at or.e time, is m a - r.ali lath, screwed to each 
frame. «*o that .w n«en one i* mo\ed. the oi.ier neces- j 
^.,i\ f.f.ows in x para'. hi direction. being on the 
e 'V ir.i.c:" do that ihe r.»r: ovr hiiik>. with upright 
L* '** are set in nv‘: *1: thr ’..v screw Loving ptay 
a*, the head. t;»' fvav* \* c: !dt ; dl cown ot them- 
> cn ii t m t f:‘ m i v i in i* Oil appointed 
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passing through a pulley at the upper end of the 
outer irame, which is tied to a book. These blinds 
arc made to take off when they are not wanted. 

There are other external blinds for the first floor 
window s, which draw up under a cornice fixed to 
the outside of the head frame of the window. But 
these being of canvas, are not so proper for outsid* 
blinds, as those of the Venetian kind, with brass 
chains, instead of the uuial way of hanging the 
j laths in green tape. Tho*eIa*t mentioned have been 
• introduced by Mr. Stubb-, as before noticed, anil 
j bid fail* to answer the intruded purpose as external 
j window blinds. The Venetian part is inclosed un* 
j der a cornice, when drawn up: and in letting them 
; down tle*y are guided by a frame so that then iod 
! cannot blow* them aside.” 

1 “ bolts among cabinet-makers, are of various ili- 
rremions and sbn]>e*. Those in most common 
j u e. are termed flush brass bolts, from 2 to 20 ioclw 
J in length and used for book- cases. 

Tnere are also bolts of iron w ith necks, used for 
dining tables. Some use broad flush brass bolts 
Instead of these. They are set on the inside of the 
linings of square frames, and shut up into the iron 
strap hinges by which the loo-e flaps of suchtaMs 
are fixed to the bed. To receive the belt the edge 
of the strap hinge is filed into a notch, so that when 
the bolt is shut into it, the strap hinge cannot draw 
off. 

Bolts, amongst joiners, are of five or six different 
sorts ; first, plate bolts and also spring bolts are for 
fastening doors and w indows. There are also round 
bolts of various sizes f r large doors and gates, some 
with necks and other* >i might. Some curious bra* 
bolts for douMe doors, are of a late invention; the-e 
have plates -et on the edge of the door, extending 
the whole leegth, so that by a turn of the knob han- 
dle in tne centre of the door, the bolts shut up and 
down at the same time. Bv turning the contrary 
way, the bolts are relieved, and both the doors open 
at once, without further trouble. These are very 
exoen-ive, and only u-ed i r » grand apartments, mo t 
commonly in doors which divide, or open into two 
*pncious rooms. 

To avoid the great experce of these, there are 
other* that act on nearly the sam^ principle, named, 
-pri;.g latch bolts, whim are about 13 inches longj 
w ith a stout plate.* Two of these are required to a 
pair of doors, one at the top, the other at the hot* 
tom : the hoit* are shut by a soring in each, which 
on being preyed again*t bv tee right band door? 
Ivcomo locked, by which both doors are secured. 

k 'l> r.ss zsork is a material article in furniture, both 
for ornament and use. and comprehends a great 
variety of article*, in leek*. hinges, and handler 
u get her w ith curtain and sideboard rods, moulding 
;;; d fret work. In the bra *s articles adapted t r 
cabinetwork, the French tar exceed this country, 

u*. well in Ui«*ir manner of •iidirg, stile d or ©olu. 
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The elegance of their furniture is considered to de- 
pend chiefly on their superior brass work. 

Brass beads, and small lines of brass, are now 
much used in our English furniture, and look very 
handsome in black rose, and other dark wood 
grounds. The lines are made of thin sheet brass, 
which is cut by guages, made by the cabinetmakers, 
for that purpose. The brass beads are llxed to the 
work by sharp points, soldered to the inside of the 
bead, and driven into the wood to which the heads 
are fixed.” 

Cauls , are. sometimes formed out of pieces of 
solid wood in the shape wanted; at other times they 
are straight pieces of the length and breadth requi- 
red, bent to the proper form by means of saw carts* 
To prevent the caul from sticking to the veneer 
with the glue, it is generally oiled before it is applied, 
it is afterwards heated and screwed down to the 
veneer whilst waVm, which drives out the superflu- 
ous glue, and causes the veneer to lie close to the 
ground. 

Drawers , are always dovetailed together, but 
are made variously, in other respects ; some have a 
muntan to divide the bottom into two lengths,, so 
that thinner wainscot may serve, and to prevent the 
joints from giving way. Slips are sometimes glued 
on the inside of drawers, and planed to receive the 
bottom, which is the best method for preventing 
drawer bottoms from splitting, a circumstance that 
often occurs when they are confined by a rabbet, and 
the slip is glued dow n at the under side. 

Small drawers, for secretaries and bureaus, are 
best made by plonghing a dovetail groove in their 
sides to receive the bottom; there being objections 
to the practice of rabbeting them in ; as in this way 
the drawer bottom frequently loosens, and scrapes 
against the partition in which it runs ; but in the 
dovetail groove, which is formed by a plane, the bot- 
tom is Secured from filling do,wn, by being kept 
clear of the partition about the thickness of a shil- 
ling. 

Pillar and claw Tables . — The claws should be 
carefully dovetailed into the pillar, as upon the 
closeness of the fit much of the strength depends. 
An iron plate in one piece with three or four arms to 
it, according to the number of claws, may be screwed 
under the claws, which will give great security to 
the whole. When these tables are intended to turn 
up, the block orbed fixed at the head of the pillar, 
should be as large and thick as convenient, for much 
of the steadiness of the table depends upon it. 

Mouldings . — Cabinetmakers have but tew mould- 
ing planes, almost the whok\of their mouldings 
being formed with about a dozen pair of hollow s 
and rounds. Since beading has been so much in 
fashion, planes for the purpose have been introdu- 
ced. All planes for cabinetmakers have their irons 
set more upright, than those intended for joiners, 
as the wood with which the former have to w ork, is 


in general veiw cross grained and hard, and 
would consequently strip were not the irons set in 
this way. 

Mahogany . — Spanish is very preferable to Hon- # 
duras, but it is much dearer. — To season it, it is 
exposed some time to the sun and air, both m the 
wet and dry, after which it should be stowed in the 
shade in racks, with slips between each plank, that 
the air nmv have freeaccess, which is of the greatest 
consequence. See more on this subject in the 2nd. 
part . 

Hah \— The best picked hair is made of horse oi* 
bullocks tails, and should not be mixed with short 
hair. This is the case how r ever with common hair,^ 
and the quality of this article is known by the great- 
er or less quantity of the short kind that is introdu- 
ced. The long is frequently picked out and dyed, 
for the purpose of being weaved into chair-seatings. 

Rims for tea , sandwich and supper Trays . — These 
should He glued up in three thicknesses in a caul, 
with the outer one running parallel with the grain 
of the wood, the middle one across, and each of the 
three about the thickness of a veneer. When the out- 
er veneer has been laid on the middle one, whilst 
straight,it should be bent as soon as diy into the 
caul, and the cross joint should be made as close as 
possible ; the inside slip should be then fitted in the 
same manner, and then forced into the caul about a 
third its width, so much of it should be glued as re- 
mains above the rim of the former thicknesses, and 
as much of the inside of the cross grained slip should 
be glued as is not covered by the last thickness, 
winch is instantly driven down into its place. The 
bottoms are then grooved for the reception of the 
rims, into which they are glued. 

Handles to trays , should go through and be fas- 
tened with a nut and screw at the bottom; for if fas- 
tened only to the rim, they are ant to draw it out, 
when loaded with any considerable weight. 

Upper rails for circular BciSon Stands are freqnent- 
]y glued up in three thicknesses, all running the 
lengthways of the grain. The two inner thicknesses 
are of deal, and the outside one of mahogany. 

Cheese-waggons, are glued up in a caul in two 
thicknesses, the inner one of which runs the length- 
ways of the grain, and the outside one across. 

Planing . — Particular attention should be paid in 
planing up wood for cabinet work, to do it very 
true, and work to the lines afterwards. 

Mortises and tenons , to be made well, should fit 
close but not overtight, which some mistake for 
strong framing, but this never fails to strain the mor- 
tise, which, though not visible at the time, will ulti- 
mately prove the destruction of the work. This 
cannot be too much attended to in chair-making, the 
strength of which depends entirely on the tenons and 
' mortises. The best way to put together framed 
work particularly chairs, is by the cramp, as blows - 
with tlie hammer or maUet frequently produce tife 
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worst effects, not only by bruising the timber, but 
frequently by shivering it at parts very remote from 
the place where the blow was given. This is often 
the case in Spanish wood. 

Chair-making . — To this line the proceeding re- 
marks are applicable, and it is also requisite that the 
greatest possible attention should be paid to the 
lines of the tenons and mortises, and the closeness 
of their fitting on both sides. They should also 
be of as great length as possible, as nothing contri- 
butes more to their strength and steadiness. — No 
branch of this trade requires a complete knowledge 
of lines mor*> than that of the chair-maker. 

Circular rails for tables, and fronts for drawers, 
are cut out of deal, from lj inch to 3 inches 
thick, laid one over tfie other by breaking or inter- 
secting the joints as in brickwork. Care however 
must be taken that the grain run as long as possible 
at the ends, for the tenons or dovetails. Sonic saw- 
cart a piece of inch deal, and after bending it, glue a 
piece of canvas on the inside; but this is a bad and 
weak practice, and is therefore never done ly the 
good workman. 

G/wc.— Good glue is particularly necessary in 
aabiuetmaking, for as the joiuts of mouldings, Sec. 
cannot be fastened as in joinery, with brads, &c. the 
whole combination of the work must depend on the 
goodness and strength of the glue. It should there- 
fore be procured from houses in London, which 
make a point of selecting strong glue for the trade ; 
but as tnis cannot always be depended upon, we 
shall endeavour to point out the best mode of ascer- 
taining the qualities of glue. 

Glue of the best quality, swells most in steeping, 
but does not dissolve till "it is exposed to the fire. 
When glue is steeped over night, for boiling the 
next day, and the water is found to be glutinous, 
and. the cakes of course not swelled, these are indi- 
cations of it being bad glue. Old glue is the best, 
and its goodness or strength increases by frequent 
exposure to heat, if it be not burnt, which is very 
commonly the case, by over fierce fires and hasty 
boiling. To prevent this, the double glue pot with 
water in the outside vessel, is now generally made 
use of. To such as do not understand glue boiling, 
it maybe proper to observe, that the cakes should be 
broken conveniently small, and soaked in as much 
spring water as will barely cover the whole, other- 
wise it is in danger of being too thin, which cannot be 
so easily remedied as when too thick. After remain- 
ing in this state twelve hours, it should then be 
boiled in a copper vessel, over a gentle fire, until 
the whole is dissolved; and for the purpose of 
assisting this operation, it shoukl be constantly 
stirred about with a wooden spatula spoon, and not 
quitted till a perfect dissolution takes place, when it 
should be poured through a sieve in order to sepe- 
rate it from scum and filth. After this it should be 
put again into the vessel, and boiled up over a 


smart fire, when it may he poured into a wooden 
tray ta cool, and considered fit for nse. 

Back boards , in common drawers, are made plain, 
of half inch deal, but in good work pf inch stun*, and 
are sometimes framed in two, and sometimes in four 

E annels. In horse or screen dressing glasses, the 
ack board is framed in four pannels of light clean 
mahogany, half inch thick, raobetted for a quarter 
inch pannel, of soft Honduras, as light as possible, 
that the whole frame may add as little to the weight 
of the glass as possible, and only require a small 
lead weight to balance it. The inner edge of the 
framing is struck with an ovolo, or quarter round. 

The back boards or blind frames of large glasses 
arc made of 1| inch deal, into four or six pannels, 
with the back boards ploughed into the framing, in 
order to save the silvering; and as a farther security 
it is common to line the frames with thin flannel. 

Si leering glasses , for the method of, see the Second 
part. 

44 Bezel , amongst cabinetmakers and joiners, i&an 
instrument used to take any angle with, or to mark 
a line which is not square, for this purpose the 
blade is made to move in a long groove, inserted in 
the stock or handle, and fixed to it by a nut and 
screw', so that it may be altered to suit any degree 
of obliquity required. In this respect it differs 
from a square, which is a fixed instrument at the 
angle of 90 degrees. A mitre bevel is an instru- 
ment fixed to an angle of 45 degrees, or which is 
the same thing, the diagonal line of any square. 
This instrument is sometimes termed, a mitre tem- 
plet, in consequence of its use iu cutting mitres. 

To find the bevel of chair rails, let the learner 
lane a piece of thin deal, and if the front rail be 
8 incites, and the back 15, let him take half of 3 
inches, being the difference, and lay on a square line 
drawn at one end of the lath ; then if the length of 
the side rail be 16 inches, he will lay it on from the 
\\ inch, placed as before mentioned, draw in the 16 
inches to the edge of the lath, and cut and plane it 
to this bevel line. He will finally, from the side 
thus prepared place the bevel, and move the blade 
till it agrees with the square line that was first 
drawn, which will give the correct line for the back 
and front joints of the proposed side rail. In this 
manner, by a little practice, the young chair- maker 
may find out any bevel he wants.’* 

44 Butlers Tray . — These trays are generally made 
of mahogany ; half inch Honduras will do for the 
sides, but the bottoms ought always to be made of 
Spanish, or other hard wood, otherwise the glasses 
will leave such a print, on soft wood, as cannot 
easily be erased. Their size runs from about 27 to 
30 inches the longest way, by 20 to 22 in w idth, 
with one end made nearly open, for the convenience 
of easy access to the glasses. The sides are about 
3{ inches deep, rounded at the top, and scolloped 
down to the narrow end, or front, (it may be called) 
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in the form of qn ogee. These sides have handle 
holes, about 4 inches long, and cut 1J inch from the 
upper edges. There are also dinner trays, knife 
trays, ana comb trays, the first of which is used for 
carrying dishes and plates to the dining table, their 
sides are 3{ inches deep, all round, with handle 
holes in each side, which may be made of good Hon- 
duras ; but the bottoms should be of Spanish, for 
the reason before assigned. The length of the 
largest dinner trays is 32 inches, and their width is 
2 feet ; full sized tea trays, are nearly of the same 
dimensions. Knife trays of the best kind have each 
two partitions, with a brass handle clasping them, 
and screwing to their sides, which are 3 or 3$ in- 
ches deep; their inside length is 14 inches, and 
their width from 10 to 12 inches. The sides of 
these trays are now made perpendicular. Comb 
trays are 6 inches by 8, or 9 long, with bevelled 
sides, and mitred corners. They are mitred upon a 
block of wood, and keyed at the corners. 

Cane zcork is now more in practice than it was 
ever known to be at any former period. About 30 
years since, it was auite out of fashion, owing prin- 
cipally to the imperfect manner in which it was ex- 
ecuted. But on the revival of japanning furniture, 
it gradually got again into use, and obtained an 
able state of improvement, so that at present it is 
introduced into several pieces of furnitufe, in which 
its use was unknown a tew years ago, particularly 
in the ends of beds which are framed in mahogany, 
and then caned, for the purpose of keeping in the 
bed clothes. Sometimes also the bottoms of beds 
are caned, and small borders of it are introduced 
round the backs of mahogany chairs, which look 
very neat. Bed steps too, are caned ; indeed canes 
are very properly used in any thing where lightness, 
elasticity, cleanness, and durability, are desirable. 

The manner of caning is various. The common- 
est kind is of one skain only, called by caners, bead- 
work, and running open. There are other kinds 
of two skains, and closer, and firmer. The best 
work is termed bordering, and is of three skains, 
some of which are done so very fine and close, that 
they are less than a sixteenth broad, and in many 
instances, as fine, comparatively, as some canvas. 

The cane usea for the Best work is imported from 
Bengal, and of a fine light straw colour which forms 
a most agreeable contrast to almost every colour it 
is joined with. The yellower kind is generally as 
strong and durable, but that which has lost either 
the light straw, or shining yellow colour, ought to 
be rejected, as having been damaged by salt water, 
or some other accident, in its importation. 

Carpet . — The Persian and Turkey carpets, are 
held in most esteem. The Parisian carpets are a 
tolerable imitation of' these; but besides the Persian, 
Turkey, and Parisian carpets, there are the follow- ! 
ing sorts, which have their names from the places 
where they are manufactured ; ks Brussels — Kidder- 


minster — Wilton — Axminster — Venetian, which is 
generally striped, and Scotch, which is the most in- 
ferior, thougn in most common use, the other 
sorts, particularly the Brussels, Wilton, and Ax- 
minster being very expensive. 

To most of the best kind of -carpets, there are 
suitable borders in narrow widths. The stair car- 
pets are, half a yard, half ell, and three quarters 
wide. 

In cutting out carpets, the upholsterer after 
having cleared the room of all its furniture, proceeds* 
to line out the border with a chalk line, and mark 
the mitres correctly in the angles of the room, and 
round the fire place in particular, as m this part any 
defects are most observable* He then proceeds to 
cut the mitres of the carpet border, beginning at the 
fire place; and endeavouring as correctly as pos- 
sible, to match the pattern at each mitre; in order 
to do this, he must sometimes cut more or less of the 
border to waste. He then takes a length of the 
body carpet, and tacking it up to the border at one 
end, resents to the strainer, with which he draws it 
to the other, w here he tacks it again, taking care, as 
he goes on, to match the pattern, which sometimes 
varies in the whole length, but for which there is no 
remedy, except by changing the lengths in such a 
manner as to bring them tolerably near in matching. 
If the widths do not correspond in number, it then 
becomes necessary to draw them in at that side of 
the room where the deficiency may be least seen ; 
but this must be done in such a wav that the con- 
tracted widths may match, and that there may be 
nothing offensive in the appearance of the whole. 
To prevent misplacing any of the lengths, or part* 
of the border, the upholsterer should take sealing 
thread, and tack them together where he thinks it 
necessary, in which state they are taken to the shop . 
and completed^ 

If a carpet be cut at home, a # plan of the room 
must be accurately taken on paper, with all the sizes 
of breaks, door ways, -windows, angles &c. which 
must be transferred to* some convenient room at 
home, by a chalk line and square, and then marking 
off the border, and proceeding as before described. 

In laying down a carpet it is* generally customary - 
to begin with the firo place first, and after having 
tacked and secured this, to strain it here and there, > 
so as to bring it gradually to, till the whole is strain- - 
cd close round the room. 

Every person employed in taking the plan of a 
room for a carpet, ought to be acquainted with plain 
geometry. 

Card tables . — In the manufacture of these, there is 
I frequently much trouble in making them stand true 
| in the upper top; to effect* which, various methods 
have been devised by cabinet makers. Some swell 
the upper tops, by damping them before they are 
veneered, supposing that the ground will shrink in 
due proportion with the veneer, so as to keep all 
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straight. This however, often fails, if the top light coloured mahogany, of a soft quality, and liable 

should happen to imbibe much of the wet, for from to change, dark strong coloured kingswood will 

being so much thicker than the veneer, it takes long- produce and maintain to the end, n proper contrast 

er time to dry, and from the veneer being dried If it be dark hard wood, not so subject to change, 

first, and losing its power, the ground work natural- the use of a fair coloured East or West India sattin 

ly draws the top round on the upper side. On the wuod, will create a pleasing contrast. ' Dark red and 

other hand, if the ground be quite dry, and the wood light yellow, will always harmonize, and'a small 

of a soft nature, and care be not taken to shrink the quantity of black, with a red ground, will also ap- 

veneer between hot cauls, previous to its being pear very agreeable, as will a little black with a 

glued down, the top will most likely dish on the up- yellow ground. With respect to agreeable contraM 

per side. Particular care also should be taken that in banding, it is also necessary to adjust its width in 

the top be not left too long in the cauls, for this will 1 a suitable proportion, to the colour and diniensiom 
help to draw it hollow. It is most advisable torthe of the ground work, for if the colour of the bandin* 

workman to take out the top soon, and lay the ve- be not strongly opposed to the ground veneer, it 

neer side of it down on the ground, in order that the should be used broader, though it be but a small 

under side, from being exposed to the air, may draw gronnd# But if the contrast be very striking, (he 

the veneered side round. No wood will stand so width of the banding ought to be reduced in pro- 
well for these tops, as hard, straight grained mahog- portion. In ca*es however, where there is an ex- 

any, well seasoned, and jointed in inch widths, tensive ground, such as in loo tables, the cross band- 

The workman must avoid using curled veneers, and ing will bear a greater w'idth and strength of con- 

employ those only which are well dried, that they trust. 

may agree with the ground work; when well sized leathers . — Those feathers which are brought from 

with glue, they may be laid with the hammer with Somersetshire, are esteemed the best, and ta 
as much safety as in a caul, an 1 sometimes' more so: from Ireland the w’orst. Eider-dowm is imported 
because as soon as they are laid in this way, the un- from Denmark, the ducks which supply it being 
der side may be turned upwards, and the veneered inhabitants of Hudson's bay, Greenland, Iceland, 
side may be placed so as to exclude the operation of and Norway. Our own islands west of Scotland 
the air. breed numbers of these birds, which prove a profiia- 

Bandincr 9 or bordering^ in cabinetmaking, is a ble branch of trade to the poor inhabitants. Hud- 
term applied to pannels or compartments of one son’s bay also furnishes us with good feathers, 
sort of wood which are edged, or bordered with that Swandown is brought from Dantzic, from whence 
•of another. also we have large quantities of feathers. 

It sometimes happens, that the contrast of band- Several very imposing arts are practised bvbro- 

mgs may be too strong for the ground veneer to kers and dealers in feathers, which the stranger and 
which the banding is joined ; in which case the beau- fair trader ought to be aw’sire of. The feta 
ty of the veneer will be partly lost, because the eye plucked from living birds, are the best and lightest, 
w ill be most attracted by the banding, owing to its and are of an elastic nature, so that a bed pressed 
excessive contrast of colour to the body of the work, down with the hand, when filled with good featLer^ 
Suppose the ground to be a delicate, pale, and rich- will rise up to its place again, 
ly figured sattin wood, and that there are joined to it The method of curing feathers is to disperse them 
a broad black wood border, and another equally over the floor of a room, exposed to the sun, and 
broad of white holly, the experiment w r ould prove, when they are thoroughly dried, to put then) w 
that the fine sattin wood veneer, would lose a consi- bag*, and beat them wit t long poles, for the purpose 
derable part of its beauty by th** borders. Some de- of cleansing them from dirt, before they are filN 
gree of this excessive contrast is admissible with into the tick. 

safety w'hen the ground veneer is less delicate, or the Desks for Compting-houses , are generally made 
wood is faulty; for then, the eye will be so much double, with a flap each side, suspended to a *f ,are 
attracted by the banding, as to disregard the imper- part at the top, where is frequently a double brass 
factions of the ground wood, aud consequently the rail, supported on a double row of pillars, of t,ie 
w ork will be vieived more favourably. On the same, to sustain such books on, as are not in iron*- 
other hand, the contrast produced by banding, may diate use. The insides of these desks are generally 
be, and frequently is, too weak for the ground ve- fitted up with holes, for papers, and drawers W 
neer, in w'hich caste considerable expence proves of notes. Sometimes they are made of beech or m a * 
no utility. This is always the case w hen poor tulip hogany, and sometimes of deal painted, haying 
wood, or even the best of it, is joined to mahogany, upper side frequently lined with cloth, which i* 
for it turns "by the air, nearly to a mahogany colour, bad way, as it harbours sand and dirt. JJJ 0 ! 
To produce an agreeable contrast in cross banding, advisable method is to use a small qnantity * 
it will require different shades or bands, to the dif- ting paper, made into the form of a book, to * rl 
ferent qualities of wood of the same species. In on, which at once, answers the purpose of the clo^ 
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and supersedes the necessity of sttnd. The frames avoid as much as possible all curved lines, as they 
of all large desks should be put together with bed are difficult to be glazed. Sometimes complicated 
screws, for the convenience of removing them from figures are introduced, by making the pane of glass 
one place to another. The height in front of such extend from one right lined bar to another in the 
desks should he 3 feet 5 or 6 inches, including the door, and laying a kind of false bar over it, of the 
frame to the top of the flap, and the depth of the intended figure, made of the same moulding, with- 
desk without the frame, should be 4f inches, rising out rabbet. 

to 9 in the centre. ' Hinge, a most useful article in cabinetmaking, of 

Tambour , in cabinetmaking, is a kind of flexible which among many others there are the following 
partition, which is frequently made use of in the varieties. 

shape of covers to ink stands, or as a kind of cur- Hinges for tea canisters are made very thin in the 
tarn to wash basons, and pot cupboards. It is made joint, and long enough to extend the length of the 
by gluing on strong canvas, a number of slips or canister in one piece. They set on perfectly even 
beads of any kind of wood, which, when dry, may with the top, so that there is no joint in the way. 
be easily bent into a cylindrical form, and when cut Hinges for pulpit doors, are made very wide to 
to the width of the aperture it is intended 'to close, receive the whole projection of the cornice, which 
is made to slide in a groove at each end. These always crosses the door, and therefore it becomes 
doors, or rather screens, are opened or closed, by necessary to use wide-projecting but-hinges, which 
means of a brass or ivory knob, and for purposes screw on the edge of the door, and also to the fixed 
where no great strength or security is wanted, part, whereby the door is thrown out so as to clear 
answer veiw well. the cornice. These hinges are used for other pur- 

Pembroke Table . — The size of such tables is from poses where there are any mouldings in the way of 
3 feet 8 inches, to four feet wide, when open ; and a door. 

from 34 inches to 3 feet long when the flaps are Swan neck hinges, are a kind of pin-hinge,, used 
down. The width of the bed should never be less for some camp table tops. 

than 21 inches, but in general the size is from 22 Ell-hinges for shaving and dressing tables, are 
to 25 inches, and the height never exceed 2 feet 4 adopted for strength, for the ell-part returns on the 
inches, including castors. • front and back edge of the swinging part and secure* 

Doors. — .Although cabinetmakers are not bound the top. — H tumbler hinge, to set on the edges of 
by the rules of architectural proportions in framing any kind of turn-over frame, as that of a sofa bed, 
doors, yet no doors ought to be le*s than the or turn-over table tops. 

diagonal of the square of its width, unless there is Pin-hipges, are to avoid the dissagreeable appear- 
some absolute cause for departing from this rule. anceof the knockle of common but-hingea, on the ex- 
Doors are variously made by cabinetmakers ; some ternal part of neatiy finished work. These are let 
are framed together, and have pannels ploughed in *. into the ends of doors, so as to bring the center of 

and others are rabbeUt d in with a bead, mitred the pin even with the front, (otherwise it will not 

round to keep them in. Doors of a* small size are clear in turning,) and that the projecting strap 

glued up in the solid, and sometimes clamped, which has the pin may he behind. It is let into the 

square, or mitred, in wardrobe doors, great care top and bottom of the carcase, into which the door 
should be taken to have the stuff dry, as they h? ve i. t huK and tke door end slips into the other strap of 
considerable draught in their shrinking, and are apt 'he hinge which has not the pin. 
to warp the frames in a manner not easily su^cepti Butt-hinges, are so called because they butt or 
ble of repair. In order toavoid tins, it is adviVaUe to stop against some substance of wood, at the edge of 
let the punnels stand a quarter of an inch within any thing to which they are screwed. There are a 
frame, and fix them dry in by a head. Bound the great variety of butt-hinges, in the practice of 
inner edge of the door frames, a black line may be cabmetmakmg and joinery. Stop but-hinges, are so 
permitted to cover the edge of the frame standing named because the door or stop of any piece of work 
before the pannels, which, when polLhedwvith the only turns a little out of the perpendicular to the 
mahogany, looks well. The doors of wardrobes edge or surface on which they are set, if they are 
should be left half an eighth of an inch over, on both pressed further the hinge will break, 
sides; (as in time they will shrink, so as to require Rising but-hinges are such, as turn upon a screwr 
to be hinged further in.) that the astragal may cover, in tin ir joints, and are Used in enabling doors when 
which ought always to be brass in this piece 6f fur- they open to clear a carpet, which otherwise they 
nitnre. might mb against. 

Doors for cabinets and commodes, are according slip-off but-hinges are used, in cases tvhete the 
to modern taste, framed with a rabbet left, to which door or window blind, to which they are screwed, iy 
green, or other silk is fixed, after they have been w anted to be taken off occasionally, 
wired by the persons who work it. Lap-over but-hinges are applied to the top of any 

In designs for book case doors, it is proper to piece of work, thatrequiresto.be raised about seven 

eighths 
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eighths of an inch abo\6 the edge, to which it is 
screwed, so that another top may fell in between 
them. j 

Desk but-binges, are similar to those of the com- 
mon sort, except only that they are made twice the 
breadth in the strap part. 

Alkanet . — A species of Anchusa, the root of which 
is much in use amongst cabinetmakers, for making | 
red oil* The best mode of preparing tjiis, is as 
follows. — Take a quart of good linseed oil, to which 
add a quarter of a pound of Alkanet root, as much 
opened with the hand as possible, that the bark of 
the root which tinges the oil, may fly off; with this 
mix about an ounce of dragon's blood, and another 
of rose pink, finely pounded in a mortar ; set the 
whole within a moderate heat for twelve hours at 
least, though twenty-four would lie better. Then 
strain it through a flannel into a b ale for use. 
This staining oil is not properly applicable to every 
sort of mahogany. .The open grained Honduras 
ought first to be polished with wax and turpentine, 
to till up the grain, but in general this wood looks 
best with wax and turpentine only. If however, 
it should be closed grained and hard, and want 
briskness of colour, the staining oil will improve 
it much. AU hard mahogany of a bad colour, 
should be oiled with it, and should stand unpolished 
for a time, proportioned to its quality and texture 
of grain. If the oil be laid on hard wood, which is 
to be polished off immediately, it is of little use ; j 
but if it be permitted to stand for a few days, the 
oil penetrating the grain, hardens on the surface, 
and consequently will bear a better polish, and look j 
brighter in colour. 

Packing . — This is a concern in the cabinet branch 
that requires great care, particularly when the arti- 
cle to be packed is a large looking glass. Light 
japanned chairs for bed rooms, are generally packed 
in slight skeleton cases, after being papered over. 
Those that arrange the chairs side to side in the 
case, put a whole width bottom up each end of the 
case, to receive the hanging bottom the whole length 
of the case, which is screwed to the under side of 
the rails of the chairs. When the first three chairs 
.are fixed, they are put down to their place, and the 
other three are turned down upont hem, after their 
place has been marked on the batten, they are 
taken out again, and screwed to it as before describ- 
ed, with two screws to each side rail. The first 
three are then fastened to their places, with their 
legs about an inch clear of the bottom of the case. 
Stays are then placed crosswise under the long 
baiten, to keep it from working in the middle, ana 
the others are laid down in their place with their 
legs up, arid with the seats to each other, (care how- 
ever being, necessary that they do not rub or touch 
each other in any part,) and stays are screwed across 
as before. Others put the hanging battens across 
the case consequently evciy two chairs require two 


short battens screwed to the under side of the rail, 
as in the other method. This last way requires a 
broad bottom on the sides of the skeleton case, placed 
so as to correspond with the height of the chaw seat, 
and to receive the short battens crosswise. In this 
manner of packing, the chairs are placed the other 
way in the case, that is, with their fronts parellel to 
the ends of the case, and they are then screwed in, 
two and two together. By this mode the case re- 
requires to be more than half a foot longer than by 
the other, but the latter requires to be broader. 
When chairs are gilt, or richly finished, for drawing 
rooms, they require a close case of full half inch deal, 
and the packing is performed in the manner already 
described, but with greater care. 

Packing cases , for large glasses, should have their 
sides of deal, from two to three inches thick, and 
either half lapped or dove-tailed at the corners. 
The tops and oottoms of such cases should be made 
of inch deal, w ith three half width battens of inch 
stuff, running lengthw ise, and well nailed, to keep 
the top, &c. firm, that the case may not easily warp 
when the glass is in, and occasion its being broken. 
It is usual, especially if the glass be conveyed by 
water, to groove and slip the edges of the board?, 
and even to pitch the joints afterwards, for the pur- 
pose of resisting any dashes of salt water that may 
occur in the voyage, which would totally ruin the 
silvering by the slightest access to it. When they 
are conveyed by land, gluing brown paper over the 
joints in the inside, will be sufficient, provided the 
case be otherwise well made. Whether by sea or 
by land, the case should if possible be kept in an up- 
right position on one of its sides. In packing one of 
these glasses, it is necessary to place crosswise on the 
bottom, three half battens, on which the blind 
frame of the glass may rest, with the precaution 
howfcver, of leaving brass fasteners screwed to the 
sides of the blind frame, so as to answer the placet* 
the three battens last mentioned. When the gla^ 
is in its place, it is common to cover the plate with 
some kind of paper, and to put at least a batten to 
each end over the glass, half the width of a deal, 
winch are screw ed to the sides of the case. These 
last battens, if the depth of the case be properly ta- 
ken at first, will be level with the edge of the case, 
and'will therefore prove a sure defence to the top, 
and prevent it from being pressed down in the cent- 
er so as to endanger the glass. The glass is then 
inclosed, and tne top screwed down, (not naiM 
with two inch screw nails, two to each board, tne 
joints of w r hich are pitched and canvassed over. 

Festoon window curtains among upholsterers^ ^ 
those which draw up by pullies, and hang do 
in folds or festoons. These curtains are still in u 
in bed rooms, notwithstanding the 
due lion of French rod curtains in genteel no ^ 
A festoon window curtain, consists general if 
three pulls, but w here a window is extensive n 
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or five. According to the number of pulls the win- 
dow lath must be pullied. Such as have three, are 
done as follows. — -Take inches for the distance of 
the pullies off each end of the lath, then find the 
centre, and put the pullies to one side, next to the 
draw end, equal to their width, that the lines which 
pass over them may be directed to the right divisions 
of the curtains. At the draw end there must be 
three pullies, placed an inch and half from the end. 
Towards the centre from these, is a pulley 4| inches 
from the end, (measuring from that side of the pul- 
ley, through which the line passes,) from which it 
appears that there will be three pulls, and that two 
or the lines will be 4£ inches off the end of the cur- 
tain, and the other in the centre. If the lath have 
five pulls, then it will require four pullies more, to 
be placed in equal divisions on the length of the 
lath, and for these two additional ones, there must 
be two corresponding pulls at the draw end, so that 
it will require five pullies in the width of the lath, 
to be fixed as before. 

Polishing v — Different methods of polishing are of 
course requisite for different kinds of work, as what 
is useful in one case, may be injurious in others. 
In drawers, and pieces of furniture, in which the 
smell of oil would be unpleasant, bees wax rubbed 
on with a cork, is used, and to remove the clammi- 
ness left by the wax on the surface, brick dust should 
be shaken through a stocking, on a fine cloth, and 
well rubbed into the surface. 

At other times soft wax, formed whilst warm, by 
the intermixture. of bees wax and turpentine, to 


which is sometimes added a little red oil if the 
wood should require it. This is laid on with a 
cloth, and needs no other cleaning oft than that of 
brisk rubbing with a clean rag. 

The most general mode of polishing, adopted by 
cabinetmakers, is with oil ana fine brick dust, the 
oil may be either plain linseed oil, or oil stained 
with alkanet root. In polishing hard wood, the oil 
should remain on the surface for a week,, but soft 
wood may be cleaned off in twoi>r three days. Cave* 
however should be taken to keep the oil from sktn* 
ning over, or drying on the surface, by frequently 
rubbing it over witn the oil rag, moistened with a 
little additional oil. The brick dust and oil must 
be applied together, and rubbed in till it thickens, 
and becomes a kind of putty on the cloth ; with 
which the operation must be continued till the 
desired effect is produced ; but the use of any fresh 
brick dust must be carefully avoided. It 19 then 
cleared off by some bran of wheaten flour. 

Chairs are generally polished with the followings 
composition ami a brush, and afterwards well rub* 
bed off without any brick dust or bran. Take bees 
wax and a small quantity of turoentine in a clean 
earthern pan, and place it over, the five till the wax 
unites with the turpentine ; add to this a little red* 
lead, finely ground on a> stone, and as much fine 
Oxford, or yellow ochre as will bring it to the* 
colour of bright mahogany. When the composition* 
is taken off the fire, add a little copal varnish to it* 
and turn it into a bason of cold water, and fonnit- 
into balls for.use. 


Ii 
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CARPENTRY AND JOINERY. 


. Carpentry is the ail of cutting out, framing, 
and joining large ^pieces of wood, to be used in 
building. 

Joinery , is also the art of working in wood, or of 
lilting various pieces of timber together, for the or- 
namenting of certain parts of edifices, and is called 
by the Frencl^ menuiserie, u small work.” 

Both these arts are' subservient to architecture, 
being employed in raising, roofing, flooring, and or- 
namenting buildings of all kinds. The rules in 
carpentry are much the same as those of joinery ; 
>lhe only difference is, that carpentry includes the 
larger and rougher kinds of work, and that part 
which is most material to the construction and sta- 
bility of an edifice ; while'joineiy comprehends the 
interior finishing, and ornamental wooa work, 

- ^ Carpentry and joinery may very properly be con- 
sidered separately. Under the former head, we 
shall enumerate the most useful tools made use of 
by carpenters, and then divide the article into three 
-distinct divisions ; the firet of which, will treat of the 
most advantageous modes by which timbers in 
general may be connected together; the second, 
Will describe and illustrate the several parts of con- 
structive carpentry, such as centers , roofs , domes , 
nicnes , 8?c . ; and conclude with a view of the pro- 
gress of the art, from Godfrey Richards, to the 
present time ; and the third, will comprise some in- 
vestigations and observations relative to the strength 
and stress of timber. 


’ENUMERATION OF THE MOST USEFUL 
CARPENTERS TOOLS. 

References to Plate 1 of carpentry . 


Figure 7 represents 

The Axe. 

6 

The Adze. 

■ 24 

The Saw . 

13 

The Socket chissel. 

5 — 

The Firmer chissel. 

1 

The Auger. 

3 — 

The Gimblet. 

16 

The Guage . 

<9 — 

The Square. 

36 

The Compasses . 

21 — 

The Hammer % 

— : 22 

The Mallet. 

11 

The Hook pin. 

12 

The Crow. 

18 

The Plumb rule. 

19 

The Level. 


Besides these, carpenters make use of ripping 


| chissels , mauls , ten feet rods , S?c. 6fC. SfC . and some* 

I times of planes . 

Before we proceed to the consideration of these 
three divisions of carpentiy, it may not be lrrele- 
vent to remark, that we shall suppose the material to 
be arrived in the carpenters yanl, and in the state 
of whole or squarea timber. The operations it 
undergoes from this period to its final employment 
in a building, may be classed under two general 
heads, namely, that which relates to individual 
pieces, and that which relates to their connexion 
with others. Under the first head come the opera- 
tions of the pit saw, by which the whole timber is 
divided and reduced to the required scantlings, 
a term that means the dimensions, as to breadth and 
thickness, without reference to the length. 

Planing , which is giving a smooth race or surface 
to wood, by means of the plane. 

Mouldings , of various forms, which are performed 
with particular planes or chissels. 

Rebatting , wnich is a mode of diminishing the 
width of a square, or rectangular piece of timber, 
for a certain depth on one edge, tnus. taking off a 
rectangle of the whole width, and less than the 
depth of the original piece, a mode much used in 
door cases, and the frames of casement windows’, 
in which the rebate forms a kind of ledge for the 
door or casement to stop against, and grooving or 
plowing, in which a narrow channel is excavated 
out of the thickness of the timber; the groove is 
either square, forming an equal section in the whole 
depth, or wider at bottom than at top, which iscalled 
a aove-tail groove. Timber may also be sunk where 
the piece is formed like a wedge, or rounded; or 
bevelled in various shapes, a terra applied when 
the section forms a figure without right angles. 

We now come to the second, and most important 
head of the operations by which timbers are con- 
nected together. These are generally speaking, ty 
mortise and tenon, the former of which is an exca- 
vation, and the latter a projection suited to it, and 
sometimes by scarfes, wooaert pins, nails, spikes, 
bolts, straps, &c. and by other fastenings of iron. 

FIRST DIVISION. 

On the most advantageous modes by which timbers w* 
general mat/ be connected together. 

The modes by which timbers are connected toge- 
ther, are generally speaking, perpendicularly/) 
obliquely, sidezeays and endways. 

When timbers are joined perpendicularly, the fi- 
bres and joint of one piece run perpendicularly to the 
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fibres, of the other, end the joint may then be term- 
ed a transverse or a perpendicular joint. 

When timbers are connected obliquely, the fibres 
of the one piece run in an oblique direction, towards 
those of the other, and for this reason it is called 
oblique joining, and the joint termed an oblique 
joint. 

Timbers are joined sideways, when their joints 
are parallel to the fibres of each piece, and therefore 
it is termed lateral or longitudinal joining, and .the 
joint is called a lateral or a longitudinal joint. 

When timbers are joined endways, their com* 
mon seam or joint is perpendicular to the fibres of 
each piece, and the joint is then said to be a butting 
joint. 

With respect to joining timbers perpendicularly, 
Figure 1. Plate 2. of Carpentry, represents a section 
of a trimmer and a part of the joist, framed with a 
simple mortise and tenon in a longitudinal direction. 
The tenon is usually made in the middle with a 
plain shoulder. 

Figure 3. represents a section of a girder through 
its mortises, and Figure 2 and 4. delineate part of 
[he joist in a longitudinal direction. The best me- 
thod in order to give strength to the tenons, is to 
make a vest of a short length under it, w ith a slop- 
ing shoulder above, extending in a line from the 
extremity of the rest, to the perpendicular of the 
iquare shoulder below, at the upper edge of the 
oist. 

Figure 8 Plate 6. of Carpentry , represent* the 
section of a double floor, with a girder, taken in a 
ransverse direction to the bridging joists. 

A shews the section of the girder; DE, DE, the 
bridging joists; a, a, a, represents also the ends of 
►ridging joists; b, b, b, the ends of ceiling joists, 
based, mortised into binding joists, by a method 
vhich will be hereafter described. 

Figure 9, of the same plate, shews the section of a 
louble floor, taken in a transverse direction to the 
finding joints. A, A, exhibits sections of the bind- 
ing joists ; DE, part, of a bridging joist, MN, ceiling 
joists ; and EF, EF, parts of ceifing joists. 

It may be readily seen that the tenons of the bind- 
ing joists are made in the same manner as described 
in the proceeding, design for a girder and j ists. 

Figured Plate 2, exhibits a method whereby a 
piece of timber may be framed between two parallel 
fiece s, which are supposed immoveable. In order 
y make close work, the # extremity of the tenon, 
nd the bottom of the mortise at one end are made 
y assume the arc of a circle, with its centre in one 
dge of the mortise; and the extremity of the tenon 
nd the bottom of the, mortise at the other end, in 
concentric arc from the same centre. The mortise 
t this end being much longer than the breadth of 
he tenon, there will be a large part of the mortise 
till open, which may be afterwards filled up. Iq- 
tead of the bottom of the mortise, in this instance 


being formed in the arc of a circle, it may be cut 
parallel to the edge at the deepest part, as it will 
not impede the transverse piece going in to its place. 
In forming the mortise ana tenon, at the end where 
the centre is placed, there is no necessity for the mor- 
tise and tenon to form ail entire quadrant; but the 
bottom may be parallel, and the edge only which is 
opposite the centre made circular. This useful 
mode of framing is much used in ceiling, joisting 
for double floors &c. and the long mortises cut in 
this manner are called chase mortises. 

If it be required to notch one piece of timber to 
another, or to connect the two, so as they may form 
one right angle, with an equal degree of strength in 
each. Then each piece should be notched half 
through, and afterwards the two should be nailed or 
pinned together. Figure 9. represents two pieces of 
timber framed after this manner, and Figure 10 
shews the socket of one piece, wnick receives the 
neck or substance of the other. 

By makinga corresponding notch at any convenient 
distance from the end in each piece; two pieces 
may be connected together so as to form four right 
angles; Figure 11. shews two pieces framed as 
above, and Figure 12, exhibits the socket of one of 
the pieces, which is cut out to receive the part re- 
maining in the other, after its socket is aubo cut 
out. By this mode of joining timbers, the jrfeces 
may be so notched, as to have their surfaces m the 
same plane, or one above the other, as may be found 
convenient. 

These methods are used to connect bond tiito- 
bers at the corner of a building. Figure 7, repre- 
sents an excellent mode of fixing beams to wall 
plates, when the \yalls are effected by lateral pres- 
sure. A small notch is cut out of the beam, and 
the contrary parts forming a double notch* are cut 
in the wall plate to receive it. Figure 7 represents 
a longitudinal part of the beam upon a transverse 
section of the wall plate; and Figure 8, shews the 
upper part of the wall plate wherein the twd notches 
are made. 

Figures 13, 14, 15, 1(J, 17 and 18, represent me- 
thods of joining one piece of timber to another, by 
dovetailing, so that the surface of the one be parallel 
and perpendicular to that of the other ; these figures 
also represent various forms of cutting the dove- 
tail, and are very useful in shewing the mode of 
fixing angle-ties to wall plates &c. &c. It is evi- 
dent that Umbers can be joined by this method 
either perpendioulaiy or obliquely. 

Figure 21, exhibits another method of fixing 
beams to wall plates, in order to bind the sides of 
the building together; and Figure 22, shews a % 
transverse section at the neck of the dovetail. This 
method of fixing beams to wall plates is called cog- 
ging or cocking. 

A piece of timber may be joined at right angles to 
another ,in the ‘manner of Figure L Plate 3, which 

•is 
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is a longitudinal section in tTie direction ofthe fibres 
of both pieces. A mortise is made in the one piece 
to correspond with its breadth, which is to form the 
perpendicular, the edge of the tenon is then Tut 
with a dovetail notch, so that the piece may be at 
right angles with the other, and a wedge or key is 
next driven from the other edge of the tenon, which 
forces it quite close. When the timber of which the 
piece containing the dovetail may be formed is not 
quite dry, the tenon will shrink in proportion to its 
breadth, by which circumstance the perpendicular 
piece will beome liable to be drawn out from (lie 
other to a certain degree. This defect is remedied 
in the section exhibited at Figure 10, Plate 2, where 
instead of the edge of the tenon being cut in the 
form of a dovetail, a notch is made in it. Figure 20, 
shews another view ofthe perpendicular piece with 
the wedge. 

Another mode of fixing one piece perpendicular to 
another is by ibx-tail wedging, and is executed by 
making in the piece forming the base, a mortise near- 
ly equal in aepth to the piece; by enlarging its 
edges towards the bottom, and by cutting the tenon 
of the perpendicular piece so as to fit the upper 
part of tne mortise. Two wedges are then fixed to 
the bottom of the tenon ; and when the perpendicu- 
lar piece is driven, the wedges being resisted by the 
bottom, will split the ends of the tenon, and fill up 
the mortise to the breadth at the widest place. In 
order to enlarge the tenon in breadth still more to- 
wards its extremity, two other smaller wedges may 
be put in, the ends of which must not reach quite so 
for as those of the other two. When the larger wed- 
ges are partly driven, the small ones will then begin 
to widen the end of the tenon likewise, and make it 
fill the mortise entirely at the bottom. By this me- 
thod, as long as the wedges are kept from slipping, 
one piece can never be drawn from the other, with- 
out breaking the tenon. 

Figure 23, shews the edge of the piece on which 
the mortise is cut. 

Figure 25, exhibits a section of it through the 
mortise ; and Figure 24, represents a section of the 
peipendiculainuece with the wedges. 

Figure 2, Plate 3, shews a transverse section of a 
post, with two beams longitudinally bolted to it, 
in the same manner as cogging of beams to wall 
plates is performed. 

Figure 3> is a part of one of the beams, with 
notches made in it to receive the post ; and Figure 4, 
is a part of the post exhibiting tne notches made in 
it to receive the beams. 

Fiptre 1, Plate 4. is an elevation of the bottom 
« of a king post, fixeo to a tie beam, by a bolt ; and 
Figure 2, is a vertical section cutting the beam trans- 
versely ; two nuts are used on this occasion in order 
to give greater security ; one of which is let in from 
the fiice ofthe beam, and the other from the edge. 
Another method of strapping a tie beam to a king 
post is shewn at Figure 3. 


The mortise of the strap on both sides is made ok 
long, and for the purpose of giving the necessary 
draught to the wedges, the mortise through tie 
king post is made somewhat lower. 

Figure 4, is a longitudinal section of the king 
post, with a transverse section of the beam. The 
upper part of this figure shews the manner of fixing 
the wedges, with the form of the washers, which are 
necessary, in order to prevent the strap on each tide 
from penetrating into the wood, the whole forte of 
the friction being taken away by these means from 
the straps. 

With respect to joining timbers obliquely, the 
agram delineated at Figure 6, Plate 2, represents 
the mode of framing a transverse joist between two 

f iarallel ones, the vertical surfaces of which are ob- 
ique to each other. The upper edge of the trans- 
verse piece is placed downwards upon the top of the 
parallel joists and marked at the interval or clear it 
each end ; it is then turned upwards into the position 
( in which it is intended to be placed, the mare atone 
end is brought into a right line with the side of the 
joist, and aline is then drawn by the side of a 
straight edge, placed against the side of the joist, 
and the plane of the transverse piece. The line it 
the other end is drawn in. the same manner. This 
, mode of framing is called by workmen, tumbling in 
joists. 

i Figttres 5, 6, 7, in Plate 4, exhibit the method* 
used for the meeting of a brace and straining piece 
; under a truss beam, of these methods the first is the 
| best. 

I Figttre 8, exhibits a method of securing a collar 
beam at one extremity, and preventing it from being 
! pulled away at the joint ; by a bolt made to pa* 
through the rafter, at the angle formed by their 
meeting. , 

| Figure 9, represents one form of the heel of a 
principal rafter, with the socket cut in the endoflhe 
| tie beam to receive it ; this method however, w 
fective in strength, because the small part cut acres 
the fibres ofthe beam being too near its extremity, 
will become liable to be forced away in consequence 
of its having to sustain the entire force of the rafter. 
Figure 10, is intended to remedy this defect, bf 
forming two abutments equally deep into the beam; 
a mode, which not only produces a resistance to 
the rafter, fully equal to that in the former roethw 
but adds to it the strength of the intermediate p 
( contained between the two abutments. The inter* 
mediate part in this mode from having the fibres cut 
across, is easily split away. 

Another mode of forming a double resistance, ® 
shewn at Figure 11. In this figure it will be o 
served, [that the heels of the rafter and the sodtf > 
are cut parallel to the fibres of the tie beam, the en 
of the rafter forming one abutment, and the ten 
the other, which has the effect of removing it fanner 
from the extremity. . 

Figure IS represents the best mode of fcnniUp 
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wt res»ton(5B f ofl' , Afe the taftbr and^ocketat the 

extremity of the beam*. » ‘Tho* abutment 1 by 1 this plan* 
is brought neatfer4o thfc inner^pal*! bf tilt* beely-Whlch 
of course leaves a in ’ -the 

beam, aliAfenders the Assistance* still 1 gtbtftery^hart 
that produced* by tile* wood; Iii order stilt fftrfhef 
to strengthened; sfcoureit,** strhpmay be- placed 
round the extreihity of the rafter, and the tiro end# 
may be bolted together, through the beam, arfe W* 
presented in Figure# l8w»iM5. '*» '* r * /’ -* 1 

Figure 14 represents the mode of forming a junc- 
tion of the rafters, and the jogjgleihibd^of the kirtg 
post, together 'with the manneref idrimpin^^ them; 

’ "This mode, hdwever, will be fouirdldefecfcivfc when 
tlie joggle head of the ktiig post should happen to 
shrink; for it is evident, that ih that case, the roof 
Mill descend, and consequently put it out of shape. 

Figure 15 shews a mode of forming a junction 
by making the rafters meet each Other, without the 
intervention of the joggle head, which* is usually 
mdde to the kingpost, and of course it h*sa great 
advantage over the preceding method* 1 w * .r • M 
Figure 1, Plate 5, represents another mode of 
banging king posts to their* principal rafters, which 
meet each ot!«er,>as in figure YbyPJate 4. 

Instead of the forkrtL straps a hOit ss usedin this 
case* with a spreading hdad, soiafl ’to form. a shoulder 
perpendioulhr to the raftersy wHldvure notched on 
purpose to receive iti » This Jims. the effect, also, of 
preventing the rafters *ofi<airoof from sinking k» the 
middle; i The whole mfety be made of iqon, consisting 
of two* partmcOnnected togCtlier hty . means of a screw, 
which wiU dmw the tie. beam. as high as may.bk 
tetfuireck ~ No . 1 impart of thtr king post with the 
bolt ;; No.H and 3 are parts 6f tba naftfers, and Nd. 
4, presents a view, of the upperedge Of the. rafters. 

Figures £ and 8, exhibit the most approved forms 
for the abutments df the braces-, -at theUowCr part of 
theJfing post. 

Figure 2 shews the form of an abutment, when 
the part which makes the resistance in the direction 
of the king post is perpendicular to it ; land figure 3 
delineates the fontr of another abutment; where the 
part of the shoulders,’ which make the resistance, f i« 
perpendicular to thd brace. 

fn figure 4 is shewn a method wherriby twb braces 
are connected to an iron king post, which is a small 
rod of iron, sufficiently strong to bear up the middle 
of thfe beam, and to resist tiie force of the hracc&by 
t be weight of t e middle rafters. The strap whicu 

E re vents the braces from being pushed downwards,* 
as an eye through each side, , and /the bottom of the 
king rod ia formed with a erbas, equal in letigth to 
the thickness of the braces ; this dross. is perforated 
in it*length to receive the. bolt. /* • * 

: : Figure 10, Plate 6, shew# tlifc manner of framing 
two wall plates, to enable thetn to.**receivle ;the hip 
raftery with the angle tie auu dragon beam, as sup- 
ports to the lifter/ ; 1 - i 


* 'Figure 7 represents a designer sr story post, am f 
breast summers. * 1 ‘ 1 -•< * 

With respect to joining timbers sideways, Kherg 
are an infinite variety of. ways by which beams are 
lengthened ; and therefore ft would beta endless 
task to describe every mode which has -been propos* 
ed. : It will’ suffice to notice those forms only" which 
have lieen most approved of. 

Figure 9, Phle 3, represents a method by which 
a beam may be continued to any length, by building 
it in three thicknesses* * , ' . • 

Figures 10 and II, present modes of scarfing 
beams * together, arid trill be found useful in 
small pieces, which may be glued together. In or* 
der to make the joints dose, and to render them 
less dependant on the bolts, and to prevent every 
possibility of one being drawn away from another, it 
is proper to indent them' together, by the mod* 
called tabling, (Which is represented in figures 12, 
13, 14; 15, 16, &©0;-and to leave a small space at 
the end > or meeting -of each table, for awedge.. li 1 
the. operation of ! joining timbers in this manner, tfafe 
pieces are first iard so as the joints may be brought 
as close as possible ; the wedge is then driven, while 
another person strikes tlie extremity of one of the 
pieces with a large mallet, which causes the joints to 
adhere 'quite dose, if they have been fitted well 
together previous to the operation. - 
t O f- tlie before-mentionl modes, those in figures 
13, 14, arid J5y ‘are the best, because the faces of the 
tables are parallel to the fibres of tlie tiood, and they 
are thereby better enabled to resist any longitudinal 
strain*, and with a* much greater force. It is neces- 
sary,! nevertheless;* to place plates of iron across the 
ends- ofithft joints, because more than half of the wood 
is cut quite through. But less however, is to be 
appfdiended<fiio»n the tearing of the fibres, by theft* 
being* drawn in the direction of their length, than 
from the bending of the bolts. 

■As the scorfe, in figure 14, has several tablings, 
the extreme wedges ore only effective; for a wedge 
hL: tlie middle tends to' forest he joints open, and 
consequently only, the other two should be fixed. 
Loog scarfingsadd to the^trength of beams; but it 
has been supposed, that when. the mimbers of tables 
inhere .than two, it is disadvantageous, since the 
fibres. aroishortened, and therefore the resistance ia 
less* ■ ’? c: ' " . ... j 

Figures 17 and £1, ads. the two halves of a bean?, 
having tables made in them, in the form of obtuse 
angles,’ with a ridge in the middle. ■* These are 
raised and fcunk alternately, and when bolted togen 
tjier, have ,the appearance of one beam, as 19 repfe* 
sented h\figime22~ * * . 

Figun s IS and 19, respectively shew the section, 
across the' sunk, ami raised parte ; and . figure 20 re^ 
presentsia svrtvoo of the beam, when the two parts 
demte&hp figures. 17 arid SI, are boked together..^ 
When it it necessary ifir the^^uactkal; carpefftejr^ 
K k to 
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It scarfc beams after the foregoing method; he 
should be particularly careful that all the butting 
places meet closely together. And he should far- 
ther observe, that in scarfing beams after any of the 
preceding methods, or by any other modes which his 
ingenuity may suggest, it would be proper to have 
every butting joint strapped across with iron on both 
sides. If this material part be well executed, he 
will find that it will increase the longitudinal 
resistance at the weakest section, and diminish, in 
a great degree, the possibility of the bolts being 
bent. 

Timbers may also be joined laterally, by means 
Of keys and dove tails. This method is truely in- 
genious, and deserves to be more generally known. 

Figure 5, Plate 3, presents a longitudinal section 
of two pieces, joined in this manner, with the dove- 
tail pieces and the wedge or key, by means of which 
they are forced against the ends of the pieces requir- 
ed to be fixed. In order to make the one press 
harder against the other, the interior angle of the 
dove tail onght to be made greater than the exterior 
one, formed upon the pieces to be joined. 

Figure 6, is a transverse view of the mortise and 
ends of the dove-tails and keys, on the outside of 
the piece, and. figure 7, is also a transverse view of 
the mortise ana ends of the dove-tails and keys, but 
on the inside part of the piece. 

Figure 8, represents a perspective view of the 
.pieces when joined by the keys and dovetails. This 
excellent method may be adopted in joining parallel 
pieces together, when the pairs or pieces do not' 
touch each other. The ingenious carpenter, by at- 
tending to these principles, will find them useful in 
many cases, particularly in the construction of 
Wooden bridges. 

With respect to joining timbera endways, butting 
joints are fixed, together with bolts, having a screwed 
nut at each end; one of these nuts must be square, 
and the other round, the round one must have notch- 
es cut dose on its edge. The bolt must be let loto 
each piece, perpendicularly to the joint, and the nuts 
must be sunk from one side across the grain, until 
the ends of the bolt are enabled to pass the interior 
screw, which is formed on purpose to receive the ex- 
terior pne; the sarnie nut is first put in, after 
which one end of .tne bolt is firmly driven into the 
bore, made to receive it, and screwed to the nut. 
The notched nut is next put in, and the bolt also in 
its place ; after this pne piece may be turned round 
upon the other until the joint is quite close, and two 
dowels should be introduced one on each side of the 
bolt. One piece should be driven as close to the 
other, as the nut will permit, and then with a nar- 
row pointed turn screw, and a mallet, the nut may 
be forced round until the joint is entirely dose. 

In the Second Division we proceed to describe and 
illustrate the several parts of constructive, carpentry, 
such ay centers, toqfsftc. 4*.; 


Center*.— -The 'term center is used to denotes 
firaide of timber, constructed for the purpose of sup. 
porting the bricks or atones, daring the erection ou 
vault or arch. The center serves as a foundation 
for the arch to be built upon, until the work is con- 
pleted, when it is taken down, or which is technically 
called struck, and if the arch has been properly con- 
structed, it will stand of itself from its curved 
figure. 

When the span is small, and upon a limited scale, 
as in vaults ana cellars under ground, the foundation 
of the side walls is dug out, the earth is rounded of 
in the interval between them, the arch is thrown ova 
upon it; and when the arch is completed, the earths 
dug out and removed. But the defects of this me- 
thod are obvious, and it becomes, therefore, necessity 
to construct frames of timber for carrying the stones 
or brick, requisite for the construction of the aid 
When the arch is to be constructed above ground, 
but at no great height above the surface, a frame for 
supporting the arch stones is easily raised from the 
ground, and bound together, so as to answer the pur- 
pose required, though frequently there is a gnu 
waste of wood en such occasions ; indeed when the 
span of the arch is great, or at a great height above 
the surface of the ground, the expeace of a frame 
formed in tlus manner, would not only be enonawe, 
but in many cases it would be useless. Whether the 
arch be great or small, high or low, a proper «oa»- 
my in the wood and workmanship should oe ofaeen* 
ed; since in proportion to the smallest of the u- 
pence incurred, wiU be the increase of advaatogeto 
those concerned, and at the same time prcportica- 
ably greater credit will accrue to the engineer. But 
it is essential to. consider on the other band, that if 
in reducing the expense of materials or worfcina- 
ship, the center should be constructed too alight, 
and without .a due attention to those prissf^ 5 
which alone ensure strength, the same may be ow- 
ed through the pressure of the arch stones, and the 
whole fabric may be brought down ; the saving in 
this case will be a poor compensation for so serious 
a loss, and therefore it may be better, perhaps on tha 
whole, to hare too much wood than too little. 
Under all the circumstances, it behoves the medpf 
nic to obtain the best information that he can on w 
important subject, whioh we will endeavour to id 
in as clear a point of view as possible. 

This subject mny be very properly divided into 
three branches, m the first of which, it will be pro* 
per to consider the weight to be supported, in 
second, the quantity of materials necessary for tie 
support of such a weighty and in the third, the mod 
effective method of applying-these materials. 

With respect to the first, the weight to be support* 
ed on the center is the stones, or brick, of which to* 
arch is to be composed. 

It has been determined by several eminM 
matheihaticians, that when the arch is either a* 1 ? 1 * 

city#*) 
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nn be raised fa thirty de- 
mreca and upwards without support ; after which, it 
begins to preea on the frames composing the center. 
H should be recoMected particularly that this refers 
only to the semi-elliptical, or semi-circular arch, j 
for if it be a segment of either of the aforementioned i 
curves, it will aat only prem sooner upon the center, 
but also more heavily in proportion to the flatness of i 
the arch. If we take for example a semi-circle whose 
diameter is 90 feet; then, according to the foregoing 
observation, there will remain 190 degrees of the 
arch to be supported. Now 190 degrees will mea- 
sure 20943 feet, but in order to give the advantage 
as much as possible to the center, we will call it 21 
feet ; and if we suppose the arch stones to be of free- 
stone 18 inches square, whose specific gravity is 
2*539, we shall find by the common operations of 
multiplication, that the pressure, on one rib of the 
tenter is 7477*307 lbs. avordupoise, or about 66*75 
Cwt From hence may be perceived the necessity of 
strength and firmness for the center ; since each 
feme must sustain the above weight, not only with- 
out warping, or sinking under the pressure, but 
without rising in the crown, from any weight on its 
haunches. To pursue Urn interesting and useful sub- 
ject still farther, by calculating the increase of weight 
upon a span df 50 feet ; it will be found by the 
rules of mensuration, that the length of the arch of 
190 degrees in a circle whose diameter is 50 feet, is 
59*36 met; for example, we will suppose the arch 
stone to be 2 fed by 2\ feel deep, which gives 5 
superficial feet, and on the supposition that the 
stone is of the same specific gravity as that before 
mentioned, the weight supported by one frame of the 
center, wiH be found equal to 309*9 Cwt. Hence 
the weight on the center frame is increased in the 
lion of 369*9 to 66*7, or more than five times, 


ides the allowance necessary to be made for the 
difference between the stiffness of the center 
frames ; for, on account of the greater extent of the 
latter center, the frame that would be sufficiently 
firm at 20 feet, would give way at 50 feet. 

In our dissertation on bridges we have made men^| 
tkm of those constructed of iron;, and therefore* it 
may not be improper to present to the practical 
carpenter, an example for constructing of Centers for 
them. We will first examine of what dimensions a cen- 
ter should be if the arch form the segment of a circle, 
if the span of the arch be 236 feet* (being the span of 
the bridge alluded to in the description of Stone 
bridges), and if the height above the spring of the 
arch b 34 feet, the diameter in this case willne easi- 
ly found to be about 444 feet, and -the arch stones4n 
Inis segment would press upon the center frame, at 
about IS feet from the spring of the arch. . Suppose 
the arch stohe to be 4feet bji.5, which .will ‘ give 20 
superficial feet, and the whole measure of the arch to 
be 444*15 lineal feet; the solid contents will be 
found to amount to 4132 feet, end the weight to 


318*7 tons, while the weight of the iron employed in 
260 tons. Having now taken a view of the weight 
to be supported, we proceed in the second place to 
consider, what strength of wood is necessary for the 
support of such a weight. In determining this, we 
shall take a view of such experiments as have been 
made fin* ascertaining the strength of different ma- 
terials, 

Under the head u Strength of Materials in the 
third general division of Carpentry . 

We have to consider, in the tnird place, the most 
effective method of applying these materials. 

It is to be observed, that as an arch in its form,, 
approaches in one .part towards the perpendicular,^ 
and in the other, towards a horizontal line, the- 
actual weight that it will sustain, lies between that- 
force whicn a body will cany in the perpendicular,, 
and that which produces a fracture upon any mate- 
rial in the horizontal direction. If the perpendicu- 
lar be greater than the horizontal line, it will par- 
take more of the strength of the bruising force, than 
of the transverse fracture ; and this specks of force 
may be expressed by the ratio compounded of the 
bruising or crushing force, and that of the transverse 
fracture, or more properly, perhaps, it may be term- 
ed the absolute and relative force. 

It is much to be regretted,’ that we are not pos- 
sessed of a sufficient variety of experiments on a 
large scale, to ascertain the absolute force. At the 
same time however, it must be admitted that the 
results of the experiments that have been made, with , 
the observations upon them, will furnish the ingeni- 
ous carpenter with a tolerable correct knowledge of 
the principles he may act upon, and also prevent his 
using superfluous materials, by applying those prin- 
ciples, either to horizontal right lines, to those which 
incline in alright lined direction, or to curves. 

Muschenbro&ks asserts, that the weight which 
crushes one inch of sound oak, is 17300 Tbs. but if 
computed from the increase, or as the squares of the 
diameters, it is only 16000 lbs. It is well known 
that the power tobreak, or make a transverse frac- 
ture in the same wood, of the same length, and of 
different diameters, (if a considerable difference in 
diameters be taken,) is twice that produced by the 
square of the diameter. By this comparison we are 
enabled to-judge, that the proportion which exists 
between the strength of wood atid of stone, is 6048 * 
to 17300 5 or nearly as"l to 2J. We are thus ena- 
bled to form an estimate of the proportion existing 
between the arch and the strength of a horizontal 
line, and we are also enabled to substitute the one 
material for the other, in point of strength, with 
sufficient accuracy. Experimentalists agree that a 
square inch of wood may be pulled asunder, or 
crushed mth.a weight of between 16000, and 17300 
lbs. ; that a piece of wood 18 inches long, and one- 
inch square, may be broken by 406 lbs. ; that^ a 
piece 12 inches m length, may be crushed by 609 

lb*. 
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lbs.; aad‘*a piece*6 xnches long, by 1218 lbs. all 
which.* circumstances thave been proved by^he-com-? 
parison.pf) experiments to be consistent with the 
principles of theiiifer. If then, the geometrical 
mean: it taken between the elevation of the arch, 
as. pressure or absolute strength, and the length of 
tye horizontal line, this mean will give the strength 
of the arch above the horizontal line ; for it is clear, 
that in proportion as the piece of wood may Up 
elevated towards the perpendicular, it will approach 
so much the nearer to its absolute strength, that in 
.proportion as the arch is (latter, or the piece of woo*, 
is less inclined, -the .nearer it will be to a straight 
line, and that in proportion as it is the more .reduced 
io its relative strength, the position of the arch must 
-he in the ratio compounded of these two. 

The preceding principles may now be applied to 
the construction of centers of any span, and possess- 
ing the strength necessary for the support of Ute 
arch. 

Pitot, wrote ^on this subject about the beginning 
of the . last century, and we* shall lay his plan ot 
operation before our readers, premising however, 
that he .has been rather too profuse, in the allotment 
of his materials.., , , 

AVe liave already observed, that tliere is but little 
or no weight on the centre, until it reaches to about | 
30,degn?es of the .arch ; at this height, a stretcher is 
extended from side to side, which stretcher is sup- j 
ported by two struts from tbe spring of the arch. I 
Upon . the upper part of the stretcher, either imme- 
diately above, or a little within the upper end of the 
truss, qn each side are two spars connected with the 
king post, which spring from about the middle of 
the arch, and divide the stretcher into four parts.. 

Another strut springs from the rise of the arch, 
and meets the stretcher at this fourth part, from 
either side of the arch ; these last struts are joined 
by a tie beam, which gives additional strength to 
the first stretcher ; upon these, on the upper side of 
the stretcher, two spars join the king post, a little 
below the other stretcher. The spars are connected 
together by bridles or cross-spars, from the circular 
arch, to the lower strut; ribs of a similar tormation 
being placed at proper distances, according to the 
width of the bridge, and joined by bridging joints, 
which may be of greater or lesser strength, according 
4o the span of the* arch, and the weight it has to 
support, if no rests are left at the spring of the 
arch, as a base for the center to rest upon. 

Let AB, Figure 5 Plate h,o f carpcnlr y , be the ends 
oft wo planks, raised from the* foundation, on which 
the center is intended forest. Let . CD, be the 
stretcher, extended about 35 or 40 degrees from the 
spring of the arch; or gs but little. weight rests on the 
center till it attains that height, the stretcher may be 
as high as 45 degrees; let also A E, AG, BE, JJG, be 
the two struts on each side ; from each extremity 
efthe center, let BE, AE, be fixed to, the. stretcjyer 


near C and D, and AG,BG, at one fbwrth of CD, 
let their stretcher or tie beam CG; be equal to one 
half of CD, the bridles or cross* spars 1,2, 3, &c. 
from .A to C, and from B* to *Dy are intended to 
prevent the arch from yielding - from A, to C,and 
from B, to .D. The struts EF, EF, meeting tbe 
king post, K, iii’F, and the interior ^struts GH, GH, 
meeting the king post in II, support the bridles 
4, 5, 6, on each side oftlie king post ; th#ir use is to 
stiffen that part jof the frame of the center, which 
supports the upper and more weighty part of the 
.*rch. 

Pitot intended this center to be used In an arch 
cf (K) feet spaa ; and the arch stones seven feet in 
; length; the weight of a cubic foot he makes i60!bs> 
As was proposed, w e will first consider the weight lo 
be supported by the frame. It is evident in this 
case, from the figure, that no strain lies upon the 
frame below C ; the arch is raised, or can be raised 
o this height, before the frame is set, and therefore 
the perpendicular C c, determines the limit of tbe 
absolute pressure upon the centre frame. The part 
of the arch below C, will rerit upon the abutment 
raised upon the pier: but if there is a pressure upon 
the lower part qf :the centroframe, it must be con- 
tained between the parallels C c, f g; although it 
will be admitted, that the arch' can be raised to the 
height C, without the support of the ^centre ftame, 
and that it will suffer what lies between thesdpr- 
allels, to press upon the frame. To determine the 
weight of these parts of the arch, the \lisfiance be- 
tween the perpendiculars C c, D d, is 53 fret, the 
arch stone is 7 feet long, and 3 fee# broad, then the 
weight is 53K 3 x 7x 160 lbs.=»=| 78080 lbs. 

To determine the area between the two par- 
allels C c, f g, the line f g, perpendicular to the 
diameter A B, is 134, the * s 9L and C f, per* 
pendicular to it, is 7 feet, the area is 331 fee* ? ^ ** 
the base of the triangle C fc, is 7 2; and fc As 7; 
the area is 25, and the difference is 8J. If this dif- 
ference had been the excess of the triangle Cfc, 
above the triangle C f e, it would have been a 
pressure upon the frame ; but as it is the reverse, the 
pressure is uponAiie abutment. It is necessary to 
observe this distinction, in m*der that an unnecessaiv 
expence of materials and labour may not be incurred 
where it is unnecessary. 

It. now becomes proper-to inquire,, what strength 
of materials is requisite to support this weight. 

It lias been laid down as a principle that the dif- 
ferent pieces of timber composing an arch, act upon 
each other by their absolute strength; but that they 
are liable to the transverse fracture, in proportion to 
the length of the piece. In a span of 60 feet, 
length of tbe piece may be 7 feet, without materiallv 
diminishing its strength, in reducing it to the round; 
and by experiment we learn that the relative 
strength of 7 feet by 8 inches square is 476491b*' 
We.know also from experiments, that the «trengf“ 
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is proportioned to the depth, though care should be 
taken for so proportioning the breadth or thickness, 
that the arch may be prevented from warping, the 
absolute strength being nearly according to the 
principle of the before mentioned experiment, as the 
squares of the depth. The absolute strength to the 
relative force, has been found by some to De in the 
proportion of 60 to 1, but by others to be only as 42 
to 1 ; the absolute strength of the plank (one inch 
thick and 12 inches wide) is 1891631ns; if the same 
were two inches thick, it would still be no more 
than 189163. But, if it were 8 inches square, then 
every 7 foet of the arch might be broken with 
lS9f63jbs. weight. We have found, however, be- 
fore that the whole weight of the arch is only 
17S0S0 lbs. which is llOSOlbs. less in weight, than 
that part of the frame is capable of bearing, and as 
7 feet is only about one seventh part of 53 ; the 
frame is sufficiently strong to support the entire 
weight of the arch, w'hen that weight is divided 
equally along its whole length. This is not the 
ca^e with the center frame of an arch, as it is loaded at 
one place, and not at another; it is therefore apt to 
yield between the parts where the weight is heaviest, 
the form of the arch is consequently changed; for 
t ho renter frame is not limited merely to supporting 
the arch, but to keep and preserve it in its true form, 
iu;d therefore some struts may be necessary to pre- 
>ei:t its putting the arch out of shape. To remedy 
this, w here t lie arch begins to press upon the frame 
at C, draw the cord line C c, Jit: an 6, which acts an a 
tie beam to the arch from C, at 35 degree.®, to c, at 51 
degrees; as beyond this, if the arch fra me has alter- 
ed its form, it will require it, at least, the force of 
the tie will have a tendency that way. At that 
part of the arch, where its weight begins to flatten 
the frame, as at 2, draw the stretcher 2 2, which 
likewise acts as a tie Ifoam, while it affords support 
to the bridle 1, on one side, and to 3 the briale on 
the other side, from Dxl ; and thus the arch c d, is 
prevented from sinking by the tie beams c d. Tnis 
will effectually prevent any yielding of the frame, 
notwithstanding the immense pressure of the mate- 
rials composing the arch. 

The relative proportions of the strength of oak and 
fir, have been nearly ascertained by experiments 
made by different philosophers, though the results 
of these experiments do not in all instances exactly j 
agree. VFe w ill take that of Button, which is 3-5th«. j 
Xow to reduce a frame of oak, to one of fir of equal I 
strength, divide 8 inches, the diameter of the oak, by j : 
3-5ths. thereIativestrengthoffir,wliichgives 1 l*3rd. j 
inches. If we allow 1^ inches, then the depth of the > 
frame will be 9| by 2{ inches. In this way the strength 
of the fir arch is rendered equal, and by the addition- 
al allow ance, superior to the oak in strength, at a ! 
less expence in wood and workmanship. j 

M. Pitot allowed the rings of his arches to con- I 
Fist of pieces of oak, 12 inches broad and six thick. I 


The stretcher CD, is 12 inches square; the strain- 
ing piece CG, is likeiviselS inches square; the lower 
struts are 8 inches by 10; the king post is 12 inches 
square ; the upper struts are 10 by 6 ; and the ridges 
are 20 by 8 old French measure; which dimen- 
sions may he very easily accomodated td English 
measure, by observing that the old French inch is 
equal to 1*0657 English inches. 

Pitot allows the square inch to cany 86501bs. 
that is, one half of the absolute strength, which is 
ascertained by experiment to be about 173001bs. and 
not the square of the diameter, which would be only 
lGOOOlos. But on account of knots he reduces it to 
72001bs. per inch. lie then computes the whole 
load upon the frame to be 7075201bs. which is the 
weight of the whole arch stones, supposing each 
stone to be 3 feet broad, and the whole to press upon 
the frame, w hich comes very near. Pitot also sup- 
poses the weight that rests upon the center to be 
ll-14ths. oftne whole weight, but assigns no rea- 
son for his conjecture. Mr. Couplet assumes that it 
presses by 4-9ths. Our readers, however, have it in 
their power to examine the principles, and judge for 
themselves. 

Figure 7, represents a second form of a center 
frame, which is described by Pitot, and is adapted 
to- an elliptical arch. Its construction differs in no 
respect from the former, except only that the two 
upper struts are parallel ; the strength, as in the for- 
mer, is superabundant. 

Both this and the preceding are capable of being 
di vided into three pieces, w hich circumstance render* 
them more easy to be managed when erecting, par- 
ticularly iu large spans. 

Figure 8, exhibits a mode of constructing a center, 
which is neat and ingenious; but there is much 
more wood and workmanship expended than is ne- 
cessary. It is divided into two parts, the base or 
stretcher L, L, of the upper part, resting upon the 
lower part of the frame, by which the greatest part 
is rendered quite superfluous. The lowef rests, 
Eh', appear to be necessary only in preventing the 
stretcher L, L, from yielding, and thereby allowing 
the arch to lose ks true curvature. 

The general maxim of construction adopted by 
Perronet, a celebrated French architect, was to 
make the truss consist of several courses of separate 
\ trusses, acting independently, as he supposed, of each 
dther, by which mode he sought to avail himself of 
the united support of them all. Each truss spanned 
over the whole distance of the piers, and consisted 
of a number of struts, set end to end, so as to form a 
| polygon. By this ingenious construction, the angles 
of the ultimate truss lie in lines pointing towards 
the centre of the curve. 

Figure 9, represents tfie centering of the bridge tff 
Cravant, the arches of which are elliptical. ' 

The longer axis or span is 60 feet, and the rise 20 
feet. The arch stones weigh about 176lbs. per foot, 
L 1 ana 
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and are four feet in length, which is the thickness of 
the arch The truss beams were from 15 to 18 feet 
lon^, and 8 inches broad, by 9 inches <kep. The 
entire frame was constructed of oak; the trusses 
were five in number, and set feet apart ; and the 
entire weight of the arch was about 600 tons, or 
about 112 tons on each truss. Ninety tons of this 
roust be allowed to press the truss ; but a great 
part of the pressure is sustained by the four beams 
which form the feet of the truss, and are joined in 
pairs on each side. The resultant of the parallelo- 
gram of forces for these beams, is to one of the sides 
as 360 to 283. 

Hence then 360:285\*90:71| tons the weight on 
each foot, and the section of each is I t 1 inches ; 
three tons may therefore be laid with perfect safety 
on every inch ; and the amount of this is 432 tons, 
which is six times more than the absolute pressure 
on the foot beams in their longitudinal direction. 
The absolute strength of each foot beam is equal to 
216 ; tons but from their being more advantage- 
ously situated, the resultant of the parallelogram of 
forces which corresponds to its position, is to the side 
as 438 to 285. This is equal to 58 3-5ths. tons for 
the strain on each foot ; which is not much above 
one fourth of the pressure it is capable of bearing, 
it is evident therefore, that this kind of centering 
possesses the advantage of superabundant strength. 
The upper row of struts is sufficient, and nothing is 
wanting but to procure stiffness for supporting 
them 

Figure 10, represents the center constructed by 
Hupeau, for the bridge of Orleans, which is allowed 
be one of the boldest centers ever executed in 
urope. The form of the arch is elliptical, with a 
span of 100 feet, and a rise of 30 feet ; and the arch 
stones are six feet in length. It is but justice to re- 
mark that the long beams AB, on each side, were in- 
troduced by Peironet, who was appointed architect 
on the decease of Hupeau; before the beams A B, 
were introduced, the centre rose and sunk at the 
crown. 

We have now taken a view of the methods adopt- 
ed by French architects, in the construction of cen- 
ters, and of their effects; let us now proceed to con- 
sider those which have been constructed in our own 
country. The first that presents itself is the one 
made use of for Black friars-bridge, a delineation of 
which appears in Figure 11. The span in this in- 
stance is 100 feet, and the form elliptical ; the arch 
stones from the haunches ate 7 feet; but near the 
keystones they are not quite so much, as they de- 
crease in length from the haunch to the key stone. 

• The principles of this center will be easily seen 
from a view of the figure; it consists of a series of 
trusses each supporting a point in the arch, the prin- 
cipal braces having their lower extremities abutting 
below, at each end of the centering, on the striking 
plates, and at the upper end, upon apVon pieces, 


which are bolted to the curve that support bridging!, 
for binding; the pieces which compose them together 
at their junction. This center labours under a 
great disadvantage, from the frequent intersection 
of the principal braces with one another. The iu- 
genious Mr. Mylne, made use of the following me- 
thod of easing or disengaging the center frame from 
the mason’s work. Each end of the truss was mor- 
tised into an oak plank cut in the lower part as in the 
figure, a similar piece of oak was placed to receive 
the upper part of the posts. The blocks rested upon 
these posts, but where not mortised into them, 
pieces of wood being interposed instead. The up- 
per part of these pieces was cut similar to the lover 
part of the other; the wedge E intended to be driven 
betwixt them, was notched as the figure shews, and 
filled up with small pieces of wood, in order to pre- 
vent the wedge from sliding back by the weight of 
the arch ; which not only appears from the figure 
as a likely circumstance, liut eventually happened. 

When the time for striking the center arrived, the 
inserted pieces of wood were taken out, and tie 
wedge, (prepared for driving back,, by being girt 
with a ferule round the top,) was removed bn 
piece of iron driven in with the head,, so broaaas 
to cover the whole of the wood. A plank of wood 
after being sheathed with iron, in the same manner 
at the one end, was suspended, sa that it could act 
freely in driving back tne wedge to any diatom 
however small, and with certainty. Thus by an 
equal gradation, the center was eased from the arch, 
which appeared to have been so equally supported 
throughout the whole of the operation,, and the arch 
stones so properly laid, that it did not sink above 
one inch. 

We shall now suggest some hints which majrk 
found useful in the construction of trussed arches, 
and tend to remedy the faults and failures that hate 
occurred in practice. 

In navigable rivers, or in those which are apt to 
be swollen by rains or other causes, trussed arches 
for center frames, are found expedient. In arcbe 
where there is no such danger, the frame may 1# 

S erly secured by posts, from below, which art 
b to abutt on those parts of the arch where the 
greatest strain must fall. , 

In tlie ceuters used by Pitot, we have alreaw 

complained of an unnecessary expenditure of wow 

and woikmanship. We have also shewn the com* 
jiarativc strength of oak, and fir wood, for tue no# 
of his frames, which alone ought to have the streugtb 
required, in order that they may lie fully adeqwj 
to support the weight; but as this weighting 
gradually applied, the frame should likewise ' ia ^ 
such a degree of firmness, as to form the exac 
mould of the arch intended, and, for this pui’p 0 ^? 
it must be prevented from yielding in an )' P* ' 
Now, as we have already observed, that the tra j i^ 
supports no part of the arch, until its rise lro ® .. 
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apnag, t » about 35 degrees, if' a semicircle, and so 
in proportion for a segment thereof, and, in an ellip- 
sis, to a part corresponding, with the nature of that 
curve ; the supporting struts and ties can be more 
particularly directed to support that part of the 
arch, which bears with the greatest strain upon the 
center. In Figure 6, Plate 5, where the necessary 
strength for Pitot’s arch, is pointed out, the frame of 
fir, requisite to stiffen the frame, is 9\ by The 
tie beam C c^is joined to those parts of the arch 
where the strain from being greatest, tends most to 
raise it in the crown. The length of this tie beam 
being 25 feet, and its size 9£ by 24, would require 
a weight of S0495 lbs. to make the transverse frac- 
ture ; but one third of this, at the bridle 1, 3, is 
sufficient to resist the strain at that part of the arch. 

Figure 7, is Pitots centering for nis elliptic arch ; 
the strength of Figure 6, may answer for this, by j 
giving the ring ana tie beams half an inch more 
depth. 

Figure 9, represents the centers used by Perronet 
in erecting the bridges at Nogent and Mayence. 

The center used at Nogent, was 90 feet span, and 
28 feet high; the ci liters used at Mayence, was of 
greater dimensions, and we shall therefore here con- 
sider the weight to be supported. The arch from A 
to C, measures 42 feet, and the arch stones 4 { ; now 
admitting the arch stones to be 3 feet broad, they 
would amount to 5G7 solid feet, which, at 160 lbs. 
per foot, is equal to 90720 lbs. This is but little 
more than one half of the semi-circular arch ; and, 
although it is flatter, the weight is so much the less, 
that no additional strength is necessanr to be given 
to the frame delineated in Figure 6, for the 60 feet 
span. The strength of the materials for the 90 feet 
arch, is likewise sufficient ; that it may be rendered 
more stiff, on account of its greater extent,, a tie 
beam I, 4, 3, 4, may be added on each side of the 
arch, as is represented by the dotted line. 

In the centering used by Perronet, it appears that 
notwithstanding the superabundance of wood em- 
ployed, the frame was so much affected, aud rose 
and sunk so much, that the arch deviated considera- 
bly from its intended form. 

We have already observed, that Figure 10 is the 
center frame of the bridge of Orleans, which was 
commenced by Ifupeau, hut finished by Perronet. 
During the completion of the work by the latter, he 
found tlie arch aod frame give way, for which 
reason he strengthened the center frame, by con- 
tinuing the strut. By. forming the base of the 
triangle J, 2, 3, on each side,. his frame was render- 
ed sufficiently stiff, and the inner part below A B, 
A B, became entirely superfluous. The weight that 
presses on the arch is great, owing to the length of 
the arch stone, and the flatness of the arch. That 
part of the arch which presses, contains about 57 
degrees, and measures 88 87 feet. Hence, admit- 
ing the length of the arch stone to be 6 feet, and its i 


width 3, we find the solidity *^1596*6, and its 
weight, (supposing as before, the weight of a solid 
foot =1601bs.) to be 255456 lbs. Tne length of 
each plank of the truss being 7 feet, and its other' 
dimensions 12 by 2, the strength is 189163 lbs. 
The weight for every 7 feet in length of the arch, is 
one third of this, viz. =63054 f-3rd lbs. and in 
88 feet, there are 756652 lbs. to support 255456 lbs. 
which renders the arch more than three times strong- 
er, without making any allowance for the strength 
of the arch, being the mean of the splitting force 
and transverse section ; the* tie. beams will be of ' 
great use in stiffening the frame. 

Figure 12, represents the center for Tongueland 
bridge, the span of which was about 105 feet. 

Figure 13, exhibits the center us^d for Conon 
bridge, which was about 55 feet spaa, and Figure 
14 shews the mode of centering for. Ballater bridge, . 
the span of which was about 50 feet. . 

Figure 15 y is an excellent design v for i. a * center, 
which well merits the attentioruof the ingenious 
carpenter. 

From the examples adduced, and the observations 
made on them, it must appear evident, that center 
frames may be constructed of a greater extent than 
any hitherto used, and with sufficient strength to 
support almost any mass of .materials, necessary for 
the construction of an .arch. It may now.be, asked, 
perhaps, why the use of these frames is not continue 
ed. It may be objected to this, bythe advocates for 
stone bridges, that stone is more durable, and ele- 
gant, and when once constructed, is free from the 
various trusses and tie beams, so necessary in the 
wooden frame. The advocates for. carpentry must 
admit that wood is not as durable, as stone ; but 
they have it in their power to prove that bridges 
can.be constructed of wood at a much less expence 
than, those of stone, and that when they fail in any 
part, they 'tnay easily be replaced again, at a small - 
expcnce, and made even to last longer than a stone 
arch.. As to -neatness and elegance, the frame of»‘ 
wood may be so constructed, as to vie with, if not 
surpass the arch of stone. In order to support this - 
assertion, let Figure 1, Plate 6, of carpentry , repre- 
sent a semi-circular arch, of 60 feet span, with the 
under arch composed of pieces 5 feet long, 12 inches . 
deep, and 2 inches thick, and the upper arch of the 
same breadth and depth, joined to the former in 
close contact, jso as to iorm breaking joints, with the - 
several pieces of which the two arches are compos- 
ed. The absolute strength of this arch, before the - 
two trusses are joined, is upwards of 84 ions, which 
is more than three times the weight that . can be ' 
brought upon it; and hence, there is not the least * 
occasion for placing struts below the arch, in order 
to stiffen it, for it can be stiffened to a much greater - 
advantage above the arch. This however, is not 
practicable in center flames. Let C D E F, be the 
road way, supported by the perpendicular piece*- 
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I, 2, 3, Set. As the carriage' acts upon these, ob- 
liquely, tran^pts from the arch in a radial direction, 
give tliem the advantage of equal pressure upon the 
arch. Each of these perpendicular pieces is mor- 
tised into short pieces, which arrange themselves 
into an arch. These short pieces all abutt one 
upon another, and forming a fillet over the arch, 
project so far, that the architraves of any order may 
oe placed along the face of the arch, which will add 
both to its strength and ornament. Hy these means 
a rib is formed, Ij2 inches deep, and 4 thick, with a 
fillet ’4 inches deep, and 6 inches broad, extending 
over it, to cover the face of the architrave. Admit 
the arch to be 42 feet wide, then 7 of these ribs will 
not be inferior in strength to stone, or any metal : 
but it may be said, perhaps, that they cannot be 
so durable. It is well known how long wood has 
lasted in roofs, and joists of Mooring, and even w hen 
it forms a part of tlie w all of a house built of brick. 
The interstices between perpendicular bearing* of 
the wood may be built up either bri^k thick, or 
brick on edge, which will not only render its preser- 
vation equal to what it i9 in a house, but protect it 
also from the bad effects of being alternately wet 
and dry, the lower parts of the ribs may be covered 
with a thin lining. In order to observe any failure 
or decay in the wood, a* door may be left in the side, 
whereby it may be repaired without interrupting 
thepassage over the bridge. 

Tne covering before mentioned, ought to be laid 
ih such a manner as to prevent the water from 

f ehetrating through, to the injury of the bridge. 
Tom the proportional strength of fir and oak, we 
know that a nr plank of inches, is equal in 
strength to oak of 12 inches. Therefore, an arch 
of wood, does not much exceed the expense incurr- 
ed in framing a center, either for a stone, or an 
Iron bridge, and certainly it will not be inferior to 
either of them, in the points of beauty, elegance, or 
ingenuity. 

The span here proposed is only 60 feet, but an 
arch of 500 feet may be required, which must have 
a center calculated to support the superior weight, 
and preserve the intended figure. Notwithstanding 
this increased size of the span, the center frame can 
be made of strength sufficient to support the superi- 
or weight, since it can be rendered stiff by the 
Name method as lias been proposed for the 60 feet 
arch. Such a bridge as this will support any 
weight that can be laid upon it, and may lie formed 
of any figure, preferred by the architect. Or it may 
be framed in a manner similar to bridges formed of 
iron, but it is reasonable to suppose, that one arch 
over the other will be equally strong, and more 
easily preserved from the weatherj when constructed 
in the way before described. 

* The joints may be secured from opening 1 , by 
inserting dove-tailed pieces across tlie joints on the 
inride of the rib, and the abutments will prevent 


the ends of the arch from flying out. In consequence 
Of the pressure coming upon the arch obliquely, 
it may be said to have a tendency to rise at tfie ! 
crown, especially when of a great span ; the only 
method of preventing this in the center frame, is by 
struts and tie beams applied judiciously. By these 
the rise may be prevented more effectually, without 
destroying ‘the effect of the ornamental part of the 
arch. In the abutment which must be constructed 
of masonry, beams should be let securely into the 
^vall, 'with their ends projecting one foot, (as repre- 
sented by G and K,) and placed so as to correspond 
with each rib of the roaa way formed by the beam 
DK. 

The tie beams GD, KE, should be joined to these, 
in such a manner as the Carpenter may deem most 
secure ; and from these tie l>eams, radial struts 
should be morticed into the fillets at G, K, as we 
have before mentioned, instead of the perpendiculars 
joining the road way CDEF, and resting on the tie 
beams GD, KE, supported by the radial struts 4, 5, 

6, as represented in the figure. It must now ap- 
pear evident, that the crown of the arch cannot 
rise without lifting up, and removing the masses 
which form the abutments at each end ; and that it 
cannot sink until the weight laid upon it, absolutely 
crushes the materials of which the arch is composed. 
Thus a neat and elegant arch is obtained, that may, 
at a 9tnall comparative expence, be kept up during 
the revolutions ofages. 

In the article bridge we presented several very 
excellent designs from the w'orks of Palladio, w hich 
merit the notice of all those who wish to excel in this 
elegant art. 

ill addition to these, wc have added some other 
forms of wooden bridges as exhibited in Figures II, 

12, 13, 14, 15, and 16, of Plate 6. 

In the whole of the preceding designs, there is 
much room for the display of skill in the proper ad- 
justment of the scantlings of the timber, and the ob- 
liquity of the braces to the lengths of the different 
bearings. A very oblique strut, or a slender one, 
will suffice fora small load, and may often give an 
opportunity toincrea.se the general strength ; w hile 
the great timbers, and upright supports, are reserved 
for uie main pressures. Nothing will improve the 
composition so much, as reflecting, progressively, 
and in the order of these latter examples. This 
alone can preserve the great principle in its simpli- 
city and full energy. 

These constructions may be considered as the 
elements of all that can be done in the art of build- 
ing w ooden bridges, and are to be found, more or 
less obvious ancl distiuct, in all attempts of this 
Jund. 

In the same ariicle also (Bridge) we alluded to 
the ingenious inode of centering proposed by Mr. 
Telford, in his “ report to a committee of the House 
of Commons,' on the construction of a bridge over 

the 
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the Menai.” We shall here make such extracts 
from this report, as may be found applicable to 
the subject." Hitherto the centering has been made 
by placing supports mid working from below, 
but here I propose to change the mode, and work 
entirely from above; that is to say, instead of 
supporting, I mean to suspend the centering.” (By 
inspecting Figure 2, Plate fr, of Carpentry , the 
general principle of this will be readily conceived, 
and Figure 3, shews the center frame on a larger 
scale.) 

“ I propose, in the first place, to build the mason- 
ry of the abutments as far back as AB, CD, and in 
the particular manner shewn in the section.” . 

44 Having carried up the masonry to the level of 
the road way, I propose, npon the top of each abut- 
ment, to construct as many frames as there are to be 
ribs in the centers, and of at least an equal breadtl 
with the top of each rib. These frames to be about 
fifty feet high above the top of the masonry, and to 
be rendered perfectly firm and secure. That this 
can be done, is so evident, 1 avoid entering into de- 
tails respecting the mode. These frames are for the 
purpose of receiving strong blocks, or rollers and 
chains, and to be acted upon by windlasses, or other 
powers.” 

44 I next proceed to construct the centering itself: 
it is proposed to be made of deal baulk, and to con- 
sist of four separate ribs, each rib consisting of a con- 
tinuation of timber frames, five feet in width across 
the top and bottom, and varying in depth from twen- 
ty-five feet near the abutment, to seven feet six 
inches at the middle or crown. Next to the face of 
the abutment, one set of frames, about fifty feet in 
length, can, by means of temporary scaffolding and 
iron chain bars, be readily constructed, and fixed 
upon the masonry offsets of the abutment, and to ho- 
rizontal iron ties laid into the masoniy for this pur- 
pose. A set of these frames, (four in number), ha- 
ving been fixed against the lace of each abutment, 
they are to be secured together by cross and diago- 
nal braces ; and there being spaces of only six feet 
eight inches left between the ribs, (of which these 
frames are the commencement, ) they are to be cover- 
ed with planking, and the whole converted into a 
platform fifty feet by forty. By the nature of the 
framing, and from its being secured by horizontal 
and suspending bars, I presume every person accus- 
temed to practical operations, will admit that these 
platforms may be rendered perfectly firm and se- 
cure.” 

" The second portion of the centering • frames ha- 
ving been previously prepared and fitted together in 
the caipenter’s yard, are brought in separate pieces,, 
through passages purposely left open in the masonry 
to the before mentioned platform. They are tfere 
put together, and each frame raised by the suspend^ 
ing chain bars, and other means, so that the end 
which is to lie joined to the frame already- fixed,, shall 


m 

rest upon a small moveable carriage. It is then to- 
be pushed forward, perhaps upon an irpn rail-road,, 
until the strong iron forks which are fixed upon its 
edge shall fall upon a round iron bar, which forms 
the outer edge of the first, or abutment framfs. 
When this has been done, strong iron bolts are nut 
through eyes in the forks, and the aforesaid second 
portion of 'frame-work is suffered to descend to its 
intended position, by means of the suspending chain 
bars, until it closes with the end of the previously 
fixed frame like a rule-ioint. Admitting the first 
frames were firmly fixea and that the bingo part of 
this joint is sufficiently strong, and the joint itself 
about twenty feet deep, I conceive that even without 
the aid of the suspending bars that this 'second por- 
tion of the centering would be supported ; but we 
will for a moment suppose that it is to be wholly 
suspended. It is known by experiment, that a bar 
of good malleable iron, one inch square, will sus- 
pend SOOOOlbs. and that the powers of suspension 
are as the sections; consequently a bar of one 
inch and a half square will suspend 1800001bs. ; 
but the whole weight of this portion of rib, 
including the weight of the suspending bar, 
is only about 30000 lbs, or one sixth of the 
weight that might be safely suspended. And as I 
propose two suspending chain oars, to each por- 
tion of rib; if they had the whole to support, 
they would only be exerting about one- twelfth of 
their power, and considering the proportion of the 
weight which rests upon the abutments, they are 
equal also to support all the iron work of the bridge, 
and be still farther within their power.” 

' 44 Having thus provided . for the second portions 
of the centering a degree of security, far beyond 
w'hat can be required ; similar operations are carried 
on from each abutment, until the parts are joined 
in the middle, and form a complete centering, and 
being then braced together, and covered with plank- 
ing, where necessary, they become one general plat- 
form, or wooden bridge, on which to lay the iron 
work.” t 

It is, I presume, needless to observe, that upon 
| such a centering or platform, the iron work, which 
it is understood has been previously fitted, can lie 
put together with the utmost correctness and facili- 
ty ; the communications from the shores to the 
centering, will be through the before mentioned 
passages left in the masonry.” 

When the main ribs are fixed, covered, and con- 
nected together, the great feature of the bridge is 
compleated, and 44 when advanced thus far,” (pro- 
ceeds Mr. Telford.) 44 I propose (though not to 
remove), yet to ease the iimuercenteriiig, by having 
the feet of the centering ribs, (which are supported 
by offsets in the masonry of the front of the abut- 
ment), placed upon .proper wedges ; the rest of the 
centering to be eased at the same time, by means of 
the chain bars. Thus the hitherto dangerous opera- 
Mm tion 
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'tion of striking the centering, will be rendered 
gradual, and perfectly safe ; insomuch, that this new 
inode of suspending the centering, instead of sup- 
porting it from below, may, perhaps, hereafter be 
adopted as an improvement in constructing iron 
bridges, even in places not circumstanced as are the 
Menai Straights. Although the span of the arch is 
unusually great, yet, by using iron as a material, the 
weight upon the centre, when compared with large 
stone arches, is very small, taking the mere arch 
stones of the centre arch of Blackfriars-bridge at 
156 X 43 X 5, equal to 33540 cubic feet of stone, 
it amounts to 2236 tons ; whereas the whole of the 
iron-work in the main ribs, cross plates, and ties, 
and grated covering plates, that is to sav, all that 
is lying on the centering at the time it is to be cased, 
weighs only 1791 tons. It is true, that from the 
flatness of the iron arch, if left unguarded, a great 
proportion of this weight would rest upon the cen- 
teriug ; but this is counterbalanced by the operation 
of the iron ties in the abutments, and wholly com- 
manded by the suspending chaip bars.” 

The ingenious Mr. J. \V. Boswell, has proposed 
six different modes of constructing centering frames 
for arches, between abutments and piers, without 
any support from piles or props beneath, in the 
116th number of the Repertory of Arts. 

Mr. Boswell observes, that “ the first ideas on 
this subjeet, occurred (to him) from perusing Mr. 
Telfords plan for building an iron bridge over the 
Menai, for which be proposes to form centering 
without any scaffolding, from beneath, in a method 
highly ingenious, and of great boldness and origin- 
ality of design.” Mr. Boswell further observes, 
“ that the plans proposed by him, were intended as 
a farther extension of the idea, to situations in which 
Mr. Telford’s plan would not be applicable, and to 
afford greater facility, and less rftk m the execution ; 
in doing which ? (he says) I have not the smallest 
intention to infringe on what Mr. Telford has 
already done.” 

Roofs . — The uppermost part of a building. The 
roof, properly speaking, comprises the timber work, 
with the covering of slate, tile, lead, tessera, &c, 
&c. though carpenters usually restrain the appli* 
cation of the word to the timber work only. The 
forms of Toots are various ; sometimes they are 
pointed, and sometimes they are square, that is, the 
pitch or angle of the ridge, forms a right angle, 
whereby it is a mean ratio between the pointed and 
flat ropf, the latter of which, is in the same propor- 
tion as a triangular pediment, and is chiefly used in 
Italy, and the hot countries, where falls of snow 
bnt rarely occur. Sometimes roots are made in the 
pinnacle form; sometimes they have a double ridge, 
and sometimes they are mutilated, that is, they have 
a* false roof, which is laid over the thie one ; some- 
times again they assume the shape of a platform, 
(a shape mostly adapted in buildings in the east, 


and sometimes ibey are truncated, 'that is, instead 
of terminating in a ridge, the ridge is cut square of 
at a certain height, covered with a terrace, andean 
compassed with a balustrade. In some cases, rool 
are formed so as to resemble a dome. When the 
walls have been raised to the intended height, the 
vaults made, the joists laid See . then the roof is to 
be raised, which embracing eveiy part of the build* 
ing, and with its weight equally pressing upon the 
walls, not only operates as a band to all the work, 
but protects the inhabitants from rain or snow, the 
burning heat of the so n, and the moisture of the 
night, and is of no small advantage to the building 
itself, in casting off the rain from the walk, lti* 
generally allowed, that the Greeks excelled all 
nations, in taste, and gave the most perfect models 
of architectural harmony, within a certain limit, yet 
they never erected a building which did not exhibit 
the roof in the most distinct manner, and though 
they borrowed much of their model from the 
orientals, they introduced that form of roof, which 
the particular nature of their climate pointed out as 
the best adapted for sheltering them from the rains. 
The roofs in Persia and Arabia are flat, while those 
of Greece, are without exception, sloping; is it not 
therefore, a gross violation of the true principle? of 
taste in architecture, (as practised in the regions of 
Europe,) to take away/ or endeavour to hide (he 
roof of a house ? And to what can it be ascribed, but 
to that rage for novelty which now so unfortunately 
domineers over the minds of the rich ? Our venerable 
ancestors seemed to be of a very different opinion, 

| and were accustomed to ornament their roofs 83 
| much as any other part of the building, it must be 
I allowed certainly, that they offended against the 
maxims of true taste, when the gave to this part of 
a house, (the roof,) the external marks of elegant 
decoration, which every spectator knew, contained 
nothing more within than a garret ; but their sue* 
cessors, no less offend, by so effectually hiding the 
roof with a screen, as to render it doubtful whether 
the house has a roof or not. 

To be brief, when a house is to be built, orna- 
ment alone will not effect the purpose ; a covering 
must be raised, and the enormous expence, and 
other great inconveniences which attend tlie con- 
cealment of this necessary protection, by parapets, 

ballustrades, &c. have compelled architects to con- 
sider the pent-roof as inadmissable and how its fornj 
may lx* (jest modified. An unprejudiced man would 
lx? determined in this, by the adaptation of a particu- 
lar form to the meditated purpose. A high pitched 
roof will, undoubtedly, shoot off the rain and snow 
better than one of a lower pitch. The witodwii 
not so easily blow the dropping rain, between toe 
slates, nor will it have so much power to strip them 
WF. A high pitched roof operates with less pressu^ 
on the walls, not only from the strain being ^ 
horizontal, but from its admitting of tk lighter coitf* 
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in|. It is. were expensive, since it re- 

quires timbers of greater dimensions to make it 
eqtiaity strong, a greater quantity of materials is 
necessanr to cover it, and it exposes a greater sur- 
face to the influence of the wind. Very great chan- 
ges have taken place in the pitch of roofs ; our an- 
cestors made them veiy high, and we form them 
vevy low, it may now be reasonably asked whether this 
diversity has wen altogether the result of good prin- 
ciples? This does not appear to have been the case, 
and it roust be confessed that from its being the pro- 
fessed aim of our architects to make merely a 
beautiful object, without considering its advantages, 
or disadvantages, it is almost vain to look forprinci- 

E lein theTules adopted by them. A rivalry seems to 
ave existed in former times between Carpenters 
and Masons. Many of the baroni&l Halls are 
roofed with timber; and the carpenters appeared 
to have borrowed a great deal of knowledge in their 
construction from the masons, a*r their wide roofs 
are frequently found to have been put together with 
great judgment and ingenuity. Their professed 
aim was to throw a roof over a very wide building, 
with as moderate a consumption of timber as pos- 
sible. 

Roofs have been constructed 60 feet wide, al- 
though there has not been in«them a piece of timber 
more then 10 feet long and 4 inches square. The 
roof 19 in fact that part of a building which requires 
the greatest degree of skill, and where the exhibi- 
tion of science 19 more wanted than in any other 
part. The task of constructing the roof devolves 
generally upon the carpenter ; the architect seldom 
knowing much of the matter. The framing of a 
great roof is considered by the ingenious and scienti- 
fic carpenter, as the very touchstone of proficiency iu 
his art; and there t's nothing that tends more to 
shew his fertility of judgment and his knowledge of 
the principles of his profession. A clear view of 
the principles on which the construction of roofs de- 
pends, (so that they ma^ gain all the strength and 
security that can be desired, without an extrava- 
gant expence of wood and iron,) cannot but be ac- 
ceptable to the inquisitive artist; It must be ac- 
knowledged, that the framing of carpentry, whether 
for roofs, floors, or any other purpose, affords one of 
the most elegant and satisfactory applications which 
can be made of mechanical science to the arts of 
common life. The practical carpenter unfortunate- 
ly, however, is generally* ignorant even of the ele- 
mentary principals of mechanical science, and too 
frequently our most experienced carpenter* have no 
other knowledge of their business, than what arises 
from experience • and natural sagacity ; under such 
circumstances , what can we expect, but that works, 
framed by those who possess ouly superficial know- 
ledge of their profession, shouldtfuther tumble down, 
or fall into a state of premature decay. 

Under, this -head, we shall endeavour to give an 


account of the leading principles of this particular 
branch of carpentry, in a familiar manner, taking 
for our guide only the simple properties of the lever,, 
and the composition of motion. 

A knowledge of these will enable the artist to dis- 
pose his materials to the best possible advantage, 
with respect to the strains to which they are expo- 
sed, so as always to know the amount of strain 
which each individual piece may have to bear: 

To effect this desirable purpose, it depends on 
the principles which regulate the strength of the 
materials, on the manner in which this strength is ex- 
erted, and the mode in which the strain is laid on 
the materials. With respect to the first, we shall 
refer our readers to the article, Strength of materials 
at the end of this treatise ; contenting ourselves 
here w ith a few passing observations. 

The force which resists the breaking, crushing or 
the dividing asunder of the materials composing floors, 
roofs,, and framings of every kind, arises either from 
the immediate or final cohesion of the particles 
which form that force. We will illustrate this bv a 
simple experiment ; when a weight is suspended by 
a rope, this weight either tends to break or disunite 
all tne fibres of the rope, or it tends to separate or 
divide some of the fibres from the rest. It is evi- 
dent that this union amongst the fibres is produced 
by twisting, which causes them to adhere to each 
other so closely, that any one fibre will break rather 
than quit the part where it was originally placed. 
The ultimate resistance arises therefore from the co- 
hesion of the fibres, and the force or strength bf all 
fibrous materials, is exerted in a similar manner; 
since the component parts are either broken or pulled 
out from, amongst the rest. * 

Hence we deduce, thatthfc proper measqre for the 
strength of a rope, or a piece of any other material, 
is the force required in order to break it. The se- 
paration of the fibres is the most simple strain to 
which they can be exposed, this strain being just 
equal to the sum of the forces which, are necessary 
for breaking or disengaging each fibre. 

On the contrary, when solid bodies are exposed to 
great compression, they> can resist only in a certain . 
degree; for we know from experiment that a piece 
of lead or clay when compressed will be flattened ; 

( that a piece of chalk or freestone will be crushed to 
; powder; and that a beam of wood will be. crippled, 
that is, it will swell out in the middle, and its fibres 
will lose their mutual cohesion, .when the piece may 
be easily crushed by the pressure on it.- 

A piece of matter of any kind may. also be des- 
troyed, by wrenching or twisting jt;> and a beam qr 
a banof metal, or a piece of stone, or any other sub- 
stance may be broken transversely*. We may illus- 
trate these circumstances from a joist or rafter sup- 
orted at the ends when it is overloaded, or from a 
eainof any sort fastened by one of itsends in a wall, 
with a weight or pressure laid on its projecting part. 

In.'-: 
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Jo this last case, however, a transverse fracture will 
Jbe the result by the weight of the beam itself, should 
the projecting end be unsupported. This is the 
species of strain to which the timb ers of roofs are 
most commonly subjected; and, unfortunately, it is 
that kind of strain which they are the least able to 
bear. 

This is a case which demands the full exercise of 
the judgement of the carpenter, and against which 
he must chiefly guard, by endeavouring to avoid the' 
strain in every possible instance, or at least by di- 
minishing it as much as is within his power. We 
again, however* refer the reader to the article, 
Strength of materials , for more information on this 
'particular point. 

Mr. Couplet of the Royal Academy of Paris, has 
:given a masterly solution of the problem for deter- 
mining the best form, of a kirb roof but the following 
one, taken from the Encyclopedia Britanuica, 
'w e shall insert here on account of its elegance. 

Let A E, Figure I, Plate 11, represent the width, 
and C F, the height ; and it is required to construct 
a roof, A BCfi E, whose rafters A B, B C, C D, 
D E, are all to be equal, and which shall be in 
-equilibno. 

Join CE, and bisect it in II, and draw GII per- 
pendicular to CE, meeting A E, in G, and with this- 
point as a centre and distance, G E, or G C, (for 
they are equal) describe the circle EDC; draw 
H K, parallel to F E, meeting the circumference 
in K, draw C K, catting G II in D ; join C D, E D, 
and they will represent the rafters of half the re- 
quired roo^ and the other side may be constructed 
in the same manner. 

For the satisfaction of our geometrical readers, 
we shall explain the preceding construction. We 
know that the proportion resulting from the equali- 
ty of the rafters, and the extent of surface through- 
out the uniform roofing, which they are supposed to 
support, is, that the loads io the angles C and D, 
are equal ; hence, let E D, be produced till it meets 
the vortical line F C, in N ; draw also, B P, paral- 
lel to C D, meeting the same line in P, and join I 
P D, when it is evident, that BC DP, is a parallelo- 
gram ; let its diagonal B D, be drawn so as to inter- 
nefct C P in R, then divide it into two equal parts, 
(' R, R P, because C P, is the other diagonal of 
ihc parallelogram. 

Produce K II, to meet C F, in Q, which will be 
bisected in that point, since Oil is equal to HE, and 
II Q parallel to F E; join K F, which is evidently 
parallel to D P, and make C S, perpendicular to 
C F, and equal to F G ; and from the point S, with 
the distance S F, describe the circle F K W. It 
w ill pass, through K, because S F is equal toC G, 
and C Q =Q 1\ join W K, W S, and produce B 
i \ so as to cut N I), in O. 

It is now apparent, that the angle W K F, at the 
circumference, is one half of the angle W S F, at the 


centre, and is consequently equal t6 W SC. or CG 
F, and double the angle C E F, or E C S ; but 
E C*S, is equal to the sum of E C D, and DCS. 
and E C D is one half of N D C, and D C S one 
half of DCO,orCD P, therefore the angle W K 
F, is equal to N D P, and W K, parallel to N D, 
and C F is to C W, what CP ia to C N, but C \ 
is equal to C P, and both are to each other, as the 
loads upon D and C; these are necessarily equal, 
and the frame A B C D E, is in equilibrio. 

The intelligent artist will readily adapt this con- 
struction to any proportion between the rafter?, 
CD, DE, which other circumstances, such as gar- 
ret rooms, &c. may require. It thust be construct- 
ed so that NC may be to CP, as CD, to 
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lie must be careful, also, to have the inclination 
or slope of the upper rafters CB, CD, sufficient to 
prevent the penetration of rain,, ami the effect of 
hjgh winds, when the roof is intended to be covered, 
over with slates, tile &c. The only circumstance left 
for choice in this case, is the proportion of the rat- 
ters AB, and BC: but nothing can be more m\ 
than to make NC, bear any required proportion to 
C P, when -the angle B C D is gi ven. The truss for 
a roof should always be in equilibrio ; when this is 
the case, the whole force of the struts and braces, 
(which are introduced in order to preserve its form), 
will act as it ought, without being expended in any 
one part more than may be necessary. 

We will now proceed to lay down some general 
rules, agreeably to which all roofs should be con- 
structed. In doing this we shall consult brevity as 
much as possible, by exhibiting only the principal 
and most useful form of roofs; and particularly the 
mode of throwing a roof over a very wide building? 
without any intermediate support. 

The most simple mode of constructing the frame 
of a roof intended to consist of two rafters AB,and 
BC, meeting in the ridge B, is shewn at Figffftt 
Though this is certainly the most simple form fora 
roof, it is frequently, however, constructed wrong. 
We have already seen, that when the weight of any 
portion of covering is given, a steeper roof requires 
stronger rafters; and that when the scantling ot thy 
timber is given, the relative strength of a rafter is 
inversely as its length. The ingenious Mr. Muller, 
has determined that the square pitch is the best tor a 
root; but motives of economy have induced Carpeu* 
ters to prefer a low pitch ; for, although a low pijr 
diminishes the support given by the opposite JCo 
faster than it increases the relative strength of > 
other, yet'this is not of material consequence, sin 
the remaining strength of the opposite leg is 
very great; because the supporting leg has tone 8 
up only against compression, from whi^ cin w um (r 
stance, it is a gr?a£ deal stronger than the support^ 
leg pet mg against a transverse strain. . 

T his roof answers its purpose but seldom, ow mg 
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its thrust on the walls, which is the most hazardous 
and dangerous of all strains. The generality of 
walls require ties to keep them on foot, and conse- 
quently it must be injudicious to subject tJiem to 
any considerable strain, pressing outwards. When 
we reflect on the height and thinness of the walls 
of even a strong house, we may justly feel surprised 
that they are not thrown down by every strong gust 
of wind ; and this undoubtedly would be the case, if 
they were not stiffened and secured by the cross 
walls, joists, and roof, all of which co-operate, 
in keeping the different parts of the building toge- 
ther. 

The following is Mr. Mullers solution to this in- 
foresting problem. Describe om the width AO, 
Figure 3, the semicircle AFC, and bisect it by the 
radius FD. Produce ,the rafter AB, to the circum- 
ference in E, join EC, and draw the perpendicular 
EG. Now A B : A D :: A C : A E, and therefore, 

A E — and A E, is inversely, as A B, 

end may therefore represent its strength, in relation 
to the weight actually lying on it. Also the sup- 
port which C B, gives to A B, is as C E, because 
C E, is perpendicular to A B. Therefore the form 
Which renders A E XE C, a maximum seems to be 
that which has the greatest strength. But AC:AE:: 

EC: EG, and E G > — ’ and is therefore 
A C 

proportional to A ExEC. Now, E G is a maxi- 
mum when B is in F, and a square pitch is in this 
respect the Strongest. 

The consideration of horizontal thrusts, creates 
tjje necessity of their being counteracted by other 
forces; under this impression, the carpenter intro- 
duces another essentia! pnrt into the construct ion ; 
namely, the tk team A C, (Figure 4,) which is laid 
from well to wall, has the feet of the rafters framed 
into it, and binds them together. The pole office of 
the tie beam is to prevent the roof from pushing out 
the walls, though it is soroethpes used for carrying 
the ceiling of the apartments under it, and is even 
made a support to the flooring; considering it as 
forming a part of a roofj it operates merely as a 
siring, the strain which it withstands, tending to 
tear its parts asunder; It acts, therefore, with its 
whole integral force, and could a secure method be 
devised, of fastening it to the foot of the rafter, se- 
curely, a very small scantling would lie sufficient 
for it. It may be safely subjected, when construct- 
ed of oak, to a strain of three tons : for every square 
inch of its section, if of fir. it will safely bear a strain 
of two tons for every square inch. 

But there is sometimes a necessity for giving the 
tie beam much larger dimensions, because, ih order 
tliaj it may be connected with the foot of the rafter, 
by means "of a mortise and tenon, as we have alrea- 
dy observed. Iron straps are also frequently added.. 
By attending to this office of the tie beam, the in* 
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genious carpenter will Tie naturally directed to the 
most proper form of the mortise and tenon of the 
strap. This, however, will be considered, after we 
have said something on the various strains at the 
joints of a roof. 

The large dimensions of the tie beam, allow it to 
be loaded with the ceilings without any risk,* and 
even admit of floors being laid on it with modera- 
tion and caution. But when the span is great, it is 
very apt to bend downwards in the middle, and 
therefore requires a support. This support is found 
in the king post, B D, Figure 5, the office of which, 
is to support the tie beam. A common observer, 
unacquainted with the principles of carpentry, would 
suppose that the tie beam supported the king post, 
whilst in reality, it is the contrary. The king post 
appears to lie a pillar resting on the beam, whereas 
it really operates as a string, and an iron rod of 
one sixteenth of the usual dimensions of king posts, 
would do ju6t as well. The king post is sometimes 
mortised into the tic beam, and pins are put through 
the joint, which circumstances give it more the ap- 
pearance of a pillar, with the roof resting on it. 
This may do in some cases, but the best method m* 
to connect them by an iron strap, resembling, a 
stirrup, which is fastened at its upper ends into the 
king post, and passes round the tie beam. In this 
way, a space is sometimes left between the end of 
the king post, and the upper side of the tie beam. 
Here the beam plainly appears to hang in the 
stirrup; and this method allows the beam to be re* 
stored to nil exact level, when it may have sunk by 
the unavoidable compression, or yielding of if* 
parts. We have described an excellent mode of 
forming a stirrup, in the first general division of this 
article. 

The suspension of the tie beam is a very impor- 
tant part in the construction of roofs, and consider- 
able attention is required to render it sufficiently 
firm. The top of the king* post is cut into the form 
of the arch stone of a bridge, and the heads of the 
rafters are firmly mortised into this projecting part. 
These projecting parts are called joggles, and are 
formed by working the king post' out of a much 
larger piece of wood, and cutting off the unnecessa- 
ry part from the two sides, should this be found of 
insufficient strength, it is usual to add an iron plate, 
or strap, of three brandies, which are bolted into 
the heads of the rafters and king post. 

Having now found an excellent support for the 
tie beam, the next enquiry is, how the rafter is to 
be supported so as to be enabled to bear the cover- 
ing. When a firm point of support has been ob- 
tained at the foot of tf.e king post, the braces or 
struts ED, ‘ FD, should be introduced as represent- 
ed at Figitre (j ; these braces or struts are put uhder 
the middle of the rafters, where they are slightly 
mortised, while their lower ends • are nripty* Afortis- 
ed into joggles formed rnvthe foot of the king post. 

N n The 
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The braces are very powerful in resisting compres- 
sion, while the king post is equally so in resisting ex- 
tensiori, and the rafters being thus reduced to" half 
their former length, have now four times their for- 
mer relative strength. 

We shall next turn our attention to the con- 
struction of a flat topped roof. Let A BCD, Figure 7 
represent the proposed roof, of which the rafters 
AB, CD, are equal, and BC, horizontal. Then it is 
very evident that these timbers will be in perfect i 
cquilibrio with one another, and therefore tne roof 
ean have no tendency to strain on one side more 
than the other. Tiie tie beam AD, withstands the 
horizontal thrusts of the whole frame, and the rafters 
AB, CD, are ?ach pressed or borne upon in their 
own directions, owing to their butting with the 
middle rafter or truss beam, BC, which lies between 
the rafters in a manner similar to the key stono of 
anarch; in which position they leau towards it, and 
it rests upon them. If the rafters AB, DC, are pro- 
duced to meet in G, (sec figure 8,) and a weight be 
laid on them equivalent to the weight of BC, and its 
Ipad; this weight will l>e equal to the pressure of the 
truss beam and its load, when exerted on the two 
rafters AB, DC. Hence we perceive that though 
the common roof AGD, may be framed with a king 
post and braces, it will not be stronger than the roof 
A BCD, (w hile it keeps its shape) provided the truss 
beam isof a sufficient size to carry its own load, and 
to resist the compression necessarily arising from the 
two rafters. 

We .can illustrate this still more clearly, by the 
following plain description. Let us* conceive that 
a roof AGD, has been constructed with the tie beam 
.AD, and the rafters AG, GD, when this has been ef- 
fected, let us next imagine that a beam BC, is framed 
firmly in between the rafters, which can be easily 
done. From hence then we infer, that the extre- 
mities of the beam BC, cannot descend, without 
shortening the distance BC, that is, if it should be 
violently compressed. It is also evident that BC, 
oan be framed into the rafters AG, DG, in such a 
luanner, as even to bend or force them out. When 
this is the case, the mutual pressure that existed be- 
tween the rafters at the top, G, is destroyed; the 
points B, and C, being alone efficient, after which 
the parts GB, and GC, may be taken away without 
danger, and the roof may be reduced into the form 
A BCD, and rendered altogether as effective and 
strong as the former, though it may be famished with 
the powerful auxiliaries of a kingpost and braces, be- 
cause the truss beam gives a support at B, and C, of 
the same kind as that furnished by braces. 

But after all we shall fil'd that braces, or ties, of 
.tome kind or other, must be introduced into the flat 
top roof, in order to resist any addition of weight 
that may preponderate on one side more than the . 
other. It is true we have asserted before that the 
roof was in perfect equilifrrio, but it should be re- 


collected that this assertion Was made on the suppmi* 
tvon, that equal pressures existed on each side of the 
roof, which is not the ease in thelatter supposition. Ii 
this, an addition of weight is imagined to be placed 
on one side, and consequently it becomes necessary 
to guard against the depression at one angle, and the 
rising of tlm opposite one, which it is veiy evident 
must take place. The best and most usual method isto 
frame the heads of the rafters into the joggles of two 
side posts BE, and CF, while the truss beam is mor- 
tised square into the inside of the beads. The low- 
er ends E, and F, of the side posts are secured tothe 
tie beam, by means of mortises and tenons, orbv 
straps. 

The introduction of these side posts gives firm- 
ness to the frame; for it must now appear evident, 
that the angle B, cannot descend in consequence of 
any inequality of load or pressure, without forcing 
the other angle C, to rise : but this angle cannot 
nse, because it is held down by the side post CF. The 
tie beam is also now suspended at the points E,awl 
F, from the points B, and C. 

It may be necessaiy, however, to observe with 
regard to the roof now under discussion, that the 
compression sustained by BC, in order to give to 
the rafters at B, and C, that equality of support 
which they would receive from well disposed braces 
framed into the king post of the roof AGD, is con- 
f siderably greater then the compression of the braces ; 
and that this compression adds also to the transverse 
strain which BC, gets from its own load ; for which 
reasons, although this roof may be made abundant- 
ly strong, it will not be quite so strong as the roof 
AGD, when constructed with the same scantling. 

This construction is, moreover, subject to other 
strains, which, though trivial in their nature, are not 
unworthy of notice. The principal of these strains is 
that which arises from the mortising of BE, into the 
tie beam ; for the strain in its tendency to depress the 
angle B, presses on the tie beam at E, transversely 
whilst a contnuy strain operates on F, which tenia 
to pull it outwards. This form of roof is particular- 
ly useful where room is wanted for garrets, and it 
may on the whole be framed of sufficient strength, 
without much increasing the dimensions of the tim- 
bers. 

The form of roof exhibited at Figure 7, is 
many of these objections, to which the precedingooe 
is liable ; but it, will not admit of the construction ot 
garrets. In this roof, the two posts BE, CF , aw 
connected together below. 

All transverse strains now cease; and taking 
every circumstance into consideration, we ^? u, J 
dined to recommend this, as the strongest mode o 
constructing a roof of the same width and pitch* . 

Not the feast transverse strain exists in any ot t 
connecting parts of this roof; and if the iron wrap 
which unites the posts BE, CF, with the tie beain, 
firmly fastened to it, and confined to one F* 11 ^ 
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the beam by means of a large bolt going through it ; whole work. There is nothing that displays tlfe 
then there will be five points vi*. A, B, C, D, G, skill and judgement of a carpenter,, more than fortf- 
wbich will not admit of a change of position, and sight, in allowing and providing for those changes 
therefore the roof must be of a firm construction, of shape which must take place in every roof, in a 
When the dimensions of the building are so great short time after its erection. This foresight, how^ 
that the pieces AB, BC, Cl), may be thought too ever, cannot be acquired without science, which m 
weak, in such case, notwithstanding the cross strains, necessary to perfect the art. When it is known 
braces may be added a9 expressed by the dotted how much a particular piece will yield to compres- 
lines in Figure 8. Before we conclude our descrip- sion in one case, then science must step in to inform 
tion of these kinds of roofs, it may be proper to ofj- him what will be the effect of compression, on the 
serve, that the top must not be left flat externally, same piece, in a different case. By ascertaining how 
but must be raised a little in tlte middle to carry off much each piece is calculated to bear, and in what 
the ram, which may be effected by fixing pieces of proportion each will yield to compression, he wiH 
timber above the strutting beam, so as to form the be enabled so to adjust the proportions of the sever- 
proper inclination. al parts to each other, that when all the timbers 

The method of including a truss within the raf- have yielded, according to the respective strains 
ters of a pent roof, is a very considerable addition upon them, the whole construction shall be of the 
to the art of carpentry ; and Figure 9, represents an desired shape, and eveiw joint in a state of firmness, 
excellent mode of constructing a roof or this kind. Were science permitted to perform its part in these * 
lu order to insure its full effect, butting rafters are operations, the iron straps employed, would not be 
framed under the principal ones, abutting ou joggles frequently fixed in positions, ill suited to the actual < 
in the beads of the posts; for without this very ne- strain to which they are subject, or thrown into a 
ceseaiy precaution, the strut beam is scarcely of any state of violent twist, that tends strongly to break 
service. We would recommend, therefore, the form the strap, and to cripple the pieces, which they 
exhibited at figure 10, for the construction of a surround, nor would joints or mortises be seen 
trussed roof ; the king post placed in it, may easily violently straining on the tenons, or on the heels and 
|je made use of in supporting the upper part of the shoulders. 

rafters, and also for preventing the strut beam from When the truss is first constructed, the joints, 
bending in their direction, in consequence of the perhaps, maybe shaped properly; but when the 
great compression upon it. This mode will have work Wars together, or settles, a change is necessa- 
the effect, likewise, of relieving the great burdens rily effected in the bearing of the push ; we may 
which the roofe of theatres are sometimes compelled allude for an example of this, to the brace, in a very 
to b^ar. The machinery has no other firm points low pitched roof, where it not only presses with the 
to which it' can be attached; and that portion of the upper' part of the shoulder, but by its acting as a 
single rafters which carries the king post being but powerful lever, breaks it. The lower end of*the 
short, it may be heavily loaded with safety. brace, which at first, butted squarqjy, and in a firm 

We have now submitted to the consideration of manner on the joggle of the king post, jiow presses 
our readers, some of the elementaiy principles of heavily with one corner, and seldom fails to splinter 
this important branch of carpentry. These princi- off on that side. All the shoulders of butting pieces 
pies will enable most practical men, with a little should be made in the form of an arcof**a circle, 
reflection, to proceed with confidence in becoming having the other end of the piece for its centre* 
better acquainted with the scientific mimitia*. With- This inode was recommendea by Mr. Perronet, 
out a due attention to theoiy, practice will rest it- whose name has already been noticed in this workj 
self vainly, on those vague notions which habit may with the respect due to his distinguished talents, 
have furnished, as to the strength and supports of Thus,, in Figure ft, if the joint B, be an arc of a 
timbers, and of their modes of action. A roof or a circle, having A for its centre, the sagging of the • 
center, framed in an intricate manner, is, no aonbt, roof will not make a partial bearing at the joint ; 
viewed by a man unacquainted with the true princi- tor in the sagging of tne roof, the piece A' B, turns 
pies of the art, as an effectual, and ingenious construe- round the oeutre A', . and the counter pressure of the 
tion; but his admiration would erase were lie to joggle is still directed to A', a 9 it ought to be. But 
know, that pieces of carpcntiy, so constructed, often it too frequently happens, that the piece All), bends 
fail, by reason of their being too heavily laden with round the centre A, for it is always very difficult to 
timber, but more frequently by the wrong action give the* mortise and tenon, in this place, a true 
of some useless piece, which produces strains, that bearing; and the rafter pushes in the direction 
operate transversely to those of other pieces, and B A, and the beam resists in the direction A, the 
thereby do essential injury; or that some points abutment should be perpendicular to neither, but in 
of the construction may be made so unnecessarily a middle direction, and it ought also to be of a 
firm, as to occasion their being deserted by the rest, curted shape. Some may think that it might weafc- 
in the general subsiding or drawing together of the eii the- beam too much, to give it this shape in the 
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shoulder; but the shoulder is commonly even with ] 
the surface of the beam, and when the bearing is on 
this shoulder, it causes the foot of the rafter to slide i 
along the beam, till the heel of the tenon bears 
against the outer end of the mortise. This abut- 
ment is generally- pointed a little outwards, below, 
to make it more secure from starting. Now when 
the roof settles, the shoulder bears at the inner eud 
of the mortise, and rises at the outer, the conse- 
quence of which is, that the tenon takes hold of the 
wood beyond it, and either tears it out, or is itself 
•broken. This joint, therefore, ought not to be trust- 
eed to the strength of the mortise and tenon, but 
should be secured by an iron strap* lying obliquely 
to the beam, to which it is fastened, by a large bolt 
Tunning quite through, when it embraces the foot of 
the rafter. There are many defects in the forms of 
^straps ; in general, they are not made sufficiently 
oblique, and thereby they never fail to cripple the 
rafter at the point. But this may be prevented by 
making the strap very long, and very oblique, by 
forming the stirrup part, square with its length, and 
■cutting a notch in the foot of the rafter to receive it. 
By proceeding in this manner, the rafter cannot be j 
crippled, because it will rise along with the strap, j 
and turn round the bolt at its inner end as a centre. | 
As the ultimate, or aggregate strain of the whole roof 
is exerted on this joint, and its situation will not 
allow the necessary excavation for making a good 
mortise and tenon ; it has been considered neces- 
sary to be particular in describing this joint. 

The construction of the straps, which embrace the 
middle of the rafter, and tonnect it with the post or 
truss below it, also demands considerable atteution. 
The change of shape, produced by the sagging of the 
roof, must be well weighed, and care must be taken 
to place the strap in such a manner, as to be ena- 
bled to yield to the change, by turning round its 
bolt, but still not so as to become loose, and for less 
to form a fulcrum for any thing which may act as a 
lever. 

Having frequently spoken in the foregoing pages, 
*of ine strains, or thrusts, to which timbers in gener- 
al are exposed ; this part of our article would be in- 
complete, if we did not point out some methods by 
which the practical carpenter may arrive at the 
necessary calculations, in this interesting part of his 
profession. In adverting to these, wc shall not 
entangle him in a labyrinth of deep mathematical 
disquisitions, but confine ourselves, for the present, 
to such operations as may be learnt by any man who 
is commonly versed in arithmetic, and practical 
geometry. A full enquiry into this part of the sub- 
ject w ill be reserved for the latter department of the 
article Carpentry. 

If, in the first place, it should be required to de- 
termine the horizontal thrust acting on the tie beam 
A D, of Figure 8, the effect of the thrust will prove 
>to be the same as if the w eight of the whole roof 
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were laid at'G, on the rafters GA. and CD. Let 
the vertical line GH, be drawn, ana let the weight 
of the whole roof supported by the. single frame 
ABCD, be calculated, including the weight also of 
the pieces AB, BC, CD, BE, CF, after which take 
such a number of tons, pounds, &c. as may be suffi- 
cient to denote the weight from any scale of equal 
parts, set the same from G to H, draw II K, I1L, 
parallel to GD, GA, and draw the line KL, which 
will be horizontal when the two sides ofthe roof 
have tlie same inclination. Then if ML, he mea- 
sured on the same scale, it will give the horizontal 
strength by which the strength of the tie beam is to 
be regulated. CL, will give the thrust which tends 
to crush the strut beam BC. 

lu a similar manner in finding the strain of the 
; king post, Figure 6, each brace may be considered at 
.1 pressed by one half of the weight of the roofing laid 
on BA, or BC, and consequently that part of this 
pres.-oire which might otherwise have proved inju- 
rious to the construction, is diminished ini the pro- 
portion of BA , to DA ; but, as this is to be resisted 
l>y the brace f E, which acts in the direction fE,fe 
must be drawn at right kngles, to E e, and must be 
considered as tlie strength increased in the propor- 
tion of E e, to E f. 

Having thus obtained in tons, pounds, or other 
convenient measures, the strain! required to he ba- 
lanced at f, by the cohesion of tlie king post, the 
measures must be taken from the scale of equal 

S irts, and laid off in the directions of the braces to 
, and II, and then the parallelogram G fHK, 
being compleated, we can measure i* K, on the same 
scale of equal parts, which will represent tlie actual 
strain on toe king post. 

We can now very readily examine the strength of 
a truss upon this principle ; viz. that every square 
inch of oak will near at an average 70*00 pounds, 
compressing or stretching it, and may be safely load- 
ed with 3500 for any length of time ; and that a 
square inch of fir will in like manner bear securely 
2500. And because straps are used to resist some of 
these strains, a square inch of well wrought iron 
may be safely strained with 50,000lbs. But we 
should always recollect that timber may be depend- 
ed ofi more than iron ; for tlie faults and defects of 
the former are more easily perceived, because it 
gives us warning of its failure, by yielding sensibly 
before it breaks, whereas this is not the case with 
iron, because much of its service depends on the 
honesty of the smith. 

By proceeding in a similar manner, tlie strength of 
any roof may be examined. 

VVe shall now proceed to lay before our readers a 
few designs of roofs ; some intended for the simple 
cottage, and others for grand and magnificent 
structures. 

Figure 1 1, is intended for a building, whose span 
is from 20 to 30 feet. 

Figure 



Digitized by ^ ooQie 



6ARPENTRY AND JOINERY. 141 


Figure IS, is a design of a truss for a roof, whose 
span is from 20 to 35 feet ; the purlines are notched 
upon the principal rafters* 

Figure 13, is another design for a roof, whose 
apan is from 20 to 35 feet ; it may be made use of 
to form the segment finish ofa dome. 

Figure 14, is a design for a roof, in which the 
purlines are framed into the principal rafters, so that 
the common rafters may finish iair with the prin- 
cipals. 

Figure 15, is the form of a roof in which are in- 
troduced two queen posts instead of a king post ; the 
space between the queen post is intenaed for a 
passage, or any other conveniency that may often 
times be required in a roof. 

Figure 16, is a plan for a curb roof, having a door 
in the middle of the partition. 

In the roof delineated at 'Figure 17, it will be 
perceived that one third part of its height is dimin- 
ished, while the truss is made exceedingly firm 
with little wood, and labour. On tho head of the 
central king postal gutter plate is let in, which bears 
the inside rakers, and is so adapted, that it may be 
supported at pleasure between one truss and the 
other. 

The roof exhibited at Figure 18, is called an M 
roof; it is suitable for a large span, or when there is 
no wall between to support the tie beam. — When 
this is the case, we should recommend Figure 19, as 
a very useful form. 

Figures 20, and 21, are designs for church roofs ; 
these designs are susceptible of many modifications. 

The roof delineated at Figure 22, is the roof of the 
theatre of the university of Oxford, and designed by 
the celebrated Sir. Christopher Wren ; it is consi- 
dered a veiy ingenious and singular construction. 
The span between the walls is 75 feet; the middle 
part is almost unchangeable i n its form, and, from I 
this circumstance, it does not distribute the hori- 
zontal thrust with the same regularity as the usual 
construction. The horizontal thmist on the tie 
beam is about twice the weight of the roof, and is 
withstood by an iron strap below the beam, which 
stretches the whole width of the building, forming a 
part of the ornament ofthe ceilings. 

Having now spoken of several excellent kinds of 
roofs, we shall proceed next to consider the methods 
whereby the several parts of a roof are connected 
together. 

In the first general division of this article, we 
have spoken of various methods of joining timber, 
many of which may be applied to the construction of 
roofs ; we shall, therefore, pass on to consider a mode 
for finding the length ami backing of a . hip. 

The first, and most simple problem, that naturally 
presents itself to our consideration in this case, is 
when the building forms a perfect geometrical 
square. Let this square be A B C lb as shewn in 
Figure 1, Plate 12. 


Join the diagonal points, A B, CTD ; then it is 
well known, from the elementaiy principles of geo- 
raetiy, that these diagonals will bisect each other at 
right angles in E ; lay off from E, on either of the 
diagonals, the part E F, equal to the height of the 
roof; ioin A F, and it will shew the lengths of each 
of the hips as required. 

For ir the triangle A E F,be supposed to revolve 
roundjhe line A E, into a position perpendicular to 
the plane of the plan A B C D, and lines be drawn 
from F, to the several points BCD. then it is 
evident that the several lines A F, B F, C F, and 
D F, are all equal, and therefore the preceding mode 
of construction is correct. 

Similarly for Figure 2, which is the plan of a roof 
in the form of a parallelogram, having a ridge in the 
middle. 

Lay off on the ridge line the part C D, equal to > 
one half of the width of the building ; join A D, 

B D, and they will form the angle A D B, equal to < ' 

a right angle, this being effected,, produce A D, to 
F, so that D F, may be of a length equal to the 
height of the roof ; join B F, and it will be the* 
length of the hip rafter, for either side of the roof. 

Figure 3, next presents itself, being the plan of a 
rectangular root which is required to be framed - 
with four hips, and all to meet over E, the centre of 
the plan. 

'Hie centre of the plan is evidently found by the 
intersection of the diagonals A C, BD, in thepoini 
E ; from this point, erect the perpendicular E 
equal to the 'designed height of thereof, and join 
A F, or C F. and either of these will express the 
leugth of each of the required hips. If the plan of 
the roof had been a triangle, and the hips required 
to meet over its centre^ the operation would be ex» 
actly the same. Admit next, that the plan of a 
building be a trapezoid, and it i9 required to deter- 
mine the several lengths of the hip rafters of a roo£ . 
tp cover the same. 

Let A B C D, represent the given plan, and 
bisect A B, C D, in the points E F ; join the point' 

E F, and on A B, C D, describe semicircles*!© ^ 
intersect E F, in the points G II ; join (J A, G B y . 

G C, and G D, and produce each of these lines tm~ 
the points i, K, L, M, so that G 1, G K, H L, and 
H M, may be each equal to the height of the intend- 
ed roof ; join K A, 1 B, L C, and M I), which will . 
be the lengths of the several hip rafters.. 

Should the plan of a building be any regular po- • 
lygon, whatsoever, the length ef the hip may always 
be found by joining two of the opposite angular . 
points, and erecting a perpendicular from their ins 
tersection,, equal to the intended height ofthe roo£ 
and then this point joined with the angular point of 
the figure, opposite to the line, will give the length 
of the required hip. , 

Here* first turning hack to Figure I, draw any 
line, H G ; at right angles to either of the lines, A 0, 
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C D, Intersecting it in thfc point K ; draw K L # per- 

S endicularly to A F; then with K, as a centre,' and 
istance K L, describe a circle to intersect A E, in . 
I, join I G, and I II, then will the angle G I H, 
be the backing of the hip. It will be Verjr readily 
perceived, that a mould may be formed, correspond- ( 
ing to the angle G I II, for the more convenient' 
working of the hip ; this, however, is not the very 
best method, for by demitting G M, perpendicularly 
to C D, and forming a mould to correspond with 
tli * * jngle MGI, the hip may be backed, by apply- 
ing the mould to one or its parallel sides. These 
tv o moulds are represented in the diagram, by the 
« '} d parts. 

Fue backing of the hip in Figure 2, is precisely 
*th^ sam * as the prepeding. 

Jn Figure 3, the backing will be found in the 
feaine manner as the others above, only this roof will 
require two different bevfcls, each of the parallel 
sides of the hips is shewn at L ; when the hips are 
to be mitred together, M and N, will shew the 
bevels for each half, so that when put together, they 
may form the proper backing. The backing anil 
mitring of the hips, in Figure 4, is found by the 
method described tor Figures 1 and 2. 

We will now consider the mode of finding the 
proper bevels of the end of a purline, s as to make 
it fit against the hip rafter. 

To effect this, let us first imagine, that A B, re- 
presents the width of a square building, with the 
roof framed with htp rafters, the first tie beam of 
which is placed parallel to the end wall, and at a 
. distance from it, equal to half the width of the build- 
ing ; hence, take E C, which ip equal to one half of 
A B, and through the points A and C, draw A D, I 
*C D, respectively parallel to B C, B A, so as they 
may meet each ether in D, then bisect D C, in E, y 
and join E B; draw also E F, perpendicular to 
C D, and equal to the intended height of the roof, 
and join F C, which will represent the length of the 
common rafter. 

Now as the purlines are square, and usually 
placed at right angle? wkh the rafter, assume the 
point G, in F C, and construct the rectangular 
figure Gmn o, equal to t’ e section of the purline, 
or any proportionable reduction thereof. Produce 
*G m, to meet I)C, in II, and through G draw KGL 
parallel to E C, and make G K, G L, and G M, 
•each equal to G II, next let H N, C R, and M O, 
be drawn parallel to B C, and so as to intersect 
B E, in the points N, R, O ; draw N P, and O Q, 

{ rarailel to E C, so as to intersect respectively, 

C P, and L Q, drawn parallel to B C, in the points 
P, Q : mid then, join r It, It Q, when the angles 
P R G, G R Q, will represent what is usually 
termed, the down, and side bevels of the purline. 
..A mould may now be formed from these angles, in 
order to cut the ends of tWe several purlines of the 
roof, it i.eing evident, that when the building isj 


square, each end of the pnritne that meefyfke Lip 
rafter, is precisely the same. 

In order to find the bevels of a jack rafter against 
the hip, it may be observed that the angle E F C, 
is its down bevel, as represented by the mould in 
the figure, and if R 8, be drawn parallel to A B, 
and the stock of the side bewl of the purline be 
made to coincide with It 8, the side bevel will be 
shewn. 

The laying out of an irregular roof in ledgement, 
must lie next considered. 

Let A B 0 D, represent t e plan of the intended 
roof, having the positions of the beams delineated 
on it. At the points O, II, I, where the ridge line 
intersects the beams, erect each of the perpendicu- 
lars 1 K, H L, and G M, equal to the intended 
height of the roof, and join the points K N, KO, 
LP, LQ, and M R, M S, which will be the' lengths 
of the several principal rafters ; after this, join also 
A I, BI, C G, and J) G, when the lengths of the 
several hip rafters A T, B U, GV y and D W, may 
be found by the -method before laid down for that 
purpose. Next on A B, construct the triangle 
A a B, in such a manner that A a, B a, may be 
equal respectively to A T, BU; after which, on 
C I), construct another triangle, C li I), having 
C b — C \ r , and D b = D W, then these triangles 
will represent the ends in ledgement. Again, on 
the line D S, construct the triangle D C, so as that 
D c, may lie equal to D W f and S c, may be equal 
to S M. * In a similar manner, construct the triangle 
B d O, having B d = B u, and f ) d ==* O K, join 
d c, and lay oft* d e, equal to H I ; then join Q e, 
which is equal to the principal rafter 0 L, and 
lastly, after having drawn in the purlines at discre- 
tion, the ledgement of that side of the roof will be 
compleated, and the other side may be performed in 
like manner. 

Our observations will next be directed to the 
roofs, placed on round, and polygonal buildings 
such as domes, cupolas, and the like. The greatest 
difficulty in the formation of these kinds of roots 
arises from the mode of framing. It is true, that 
whatever form of making a truss may be deemed 
preferable in a square building, it must have the 
same constituent parts as the truss used in a round 
one; the only difficulty being in modifying tne 
shape, and connecting the parts at the top. It* 3 
evident that some of these parts must be discon- 
tinued before they reach a certain length, and it is 
also equally evident, that they ought to be cut short 
alternately, yet care must be always taken to leave 
sufficient strength, and that the parts may stand 
equally thick as at their first springing from the 
base of the dome, by which means ttie length of 
the purlines reaching from truss to truss, will 
never be too much. Nothing, in fact, can be more 
easy to constrnct than a round building, continually 
diminishing until it reaches an ‘apex, such, for in- 
stance, 
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stance, as a spire steeple. Daily practice amongst 
builders # confirms this observation, for how often 
do we perceHfe spires and steeples constructed 
without centers, and without scaffolding ? Gross 
indeed, would be the errors in constructing them, 
if much danger were to be apprehended of their 
falling from a want of equilibrium. In like man- 
ner, a dome ofcaq)entry, whatever may be its shape 
or construction, can hardly fall, unless some of its 
parts should fly oat at the bottom, and this can be 
easily prevented by fixing an iron hoop around the 
bottom, or Connecting straps with' the joining of 
the trusses and purHnes. Architectural beauty re- 
quires that a dome should spring almost perpendicu- 
larly from the wall, and ir.we admit this, it may be 
readily perceived that the thrust exerted to force 
out the walls is very small, only it is necessary to 
guard against the operation of this thrust, and that 
is, where the tangent inclines about 40 or 50 degrees 
to the horizon, at which place it will be proper to 
make a course offirm horizontal joinings. 

We are of opimcm that domes of carpentry may be 
raised of great extent, as sufficient room appears td 
offer itself for improving this vety interesting 
branch. The Halle du Bled, (which was construct- 
ed by an ingenious carpenter named Molineaux), is 
SCO fret in diameter, although it be not more than a 
foot in thickness, and yet it appears to possess 
abundant strength. Mofineaux, being convinced by 
his mechanical experience, that a veiy thin shell of 
tin her might be constructed so as to be nearly in 
eciuilibrio, aad that when hooped or fivmly connect- 
ed horizontally, it would have all the requisite stiff- 
ness, presented his ingenious project to the magis- 
trates of Paris, who, having doubts oY practica- - 
bility, submitted the plan to the consideration of tho 
members of the Academy of sciences. S*ich of these 
as were competent to the task, inve^i igated the prin- 
ciples of the intended construction, and were imme- 
diately struck with its propriety, expressing ? eir 
astonishment, that a thing which *p|Mui red to be so 
very obvious, should have escaped * he attention of 
preceding carpenters. The academy, accordingly, 
presented a very favourable report of the plan, 
which was immediately carrier! into execution, and 
being soon conipleated, it now stands as a mom'-, 
ment, a proof of the inyentire genius of Moli- 
neaux, ana is justly considered one of the most cu- 
rious exhibitions in Paris. The construction ot 
this dome is very simple : the circular nb« of which 
it is composed, consist of planks nine feet long, ihir 
teen inches wide, and three incites thick, and each 
rib consists of three of these planks belted together 
m such a manner, that two joints are contrived to 
meet. A rib is begun, for instance, with a plank of 
three feet long, standing between one of six and 
another of nine feet; and this is continued to the 
head of it. At various distances these ribs are con- 
nected, horizontally, by purlines and iron straps, 


which act as so many hoops to the whole construc- 
tion. When the work arrived at such a height, 
that the interval between the ribs formed two thirds 
vf the original distance, every third rib was discon- 
tinued, and the space between was left open and gla- 
zed. When the work luid been carried so much 
higher, that the distance of the ribs formed one third 
| of the original distance, every second rib, (now con- 
i sisting ol'two ribs very near each other,) was in like 
I manner discontinued, and the open space was glazed. 
At a small distance above this, a circular ring of 
! timber was framed into the ribs, by wlrich menus' a 
wide opening was made in the middle ; over which 
is a glazed canopy, with an opening between it 
and the dome to allow the heated air to escape. 
Every beholder is struck with the grandeur and the 
simplicity of this construction, and every unpre- 
judiced mind cannot fail to confess, even from the 
idea we have endeavoured to give, that it must fonn 
a beautiful and magnificent object. 

| In the construction of some domes one great 
difficulty is to be overcome, and that is, when they ; 
are unequally loaded by having to support a heavy 
| lanthorn, or cupola, in the middle. Iir such a case, 
if the dome were only a mere shell, it must be crush- 
! ed in at the top, or the force of the wind operating 
! on the cupola, might remove it, and its supporter 
| out of their place. 

The dome of St Paul’s cathedral is a model of 
propriety in this particular method of construction, 
and much valuable information may be derived 
from considering the principles on which R was 
erected. Those are shown in Figure 23, of Pidle 
!i, where A BCCBA,* represents the dome turned 
over with bricks, two feet in length, which were made 
on- purpose. 

E F G G F E exhibit a cone of bricks, one foot 
six inches i.i thickness, and visible through the 
opening C C. This cone, aided by the timber work 
of the dome, supports a cupola constructed of Port- 
land stone, nearly sixty-four feet in height, and 
twenty one feet m diameter. The timber work 
Z Z, is ingeniously tyed together with iron cramps, 
u.i with lead into the stones M, N, O, P, and then 
bolted through the hammer beams H H, 1 1, K K, 
and L L. From these principles it may be per- 
ceived, that the timber work derives considerable 
support from the brick cone. 

The construction of this dome affords a strong 
proof of the profundity of Sir Christopher Wren’s 
Mathematical judgement, and his unrivalled ex- 
cellence in constructive carpentry. 

Figure 24, represents a dome raised over the 
Register office at Edinburgh, by Messrs. James and 
Robert Adam, lb this instance the construction 
of this dome appears agreeable to mechanical prin- 
ciples, and consequently is deserving of attention, 
particularly when it is considered that the span is 
50 feet clear, and the thickness only 4j feet 
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CARPENTRY A 

* The principle ef a Nommn roof is ingenious and 
simple. The rafters all butt on joggle king; posts 
-A F, B G, C If, &c. (as in Figure 25) and then 
braces or ties are disposed in the intervals. The 
• ties H B, II I>, are in a state of extension, while 
the king post C II, is compressed by them. To- 
wards the walls on each side, as for instance, be- 
tween B and F, F and L, they act as braces, and 
are themselves compressed. The ends of these 
posts were generally ornamented with knots of 
flowers and other devices, and even the whole tex- 
ture of the truss was exhibited and dressed out 

Short timbers may be employed in these kinds of 
constructions, and this very circumstance imparts 
additional strength to the truss ; for the reason that 
the angle which the brace or tie makes with the raf- 
ter is more open. All thrust, likewise, may lie re- 
moved from the walls, which demands attention. 
If the pieces A F, B F, L F, were to be removed, 
then the remaining diagonal pieces, will act as ties, 
and the pieces directed to the ceutre, will act as 
atruts* 

The application of this principle to a flat roof, or 
to a floor, will be productive of advantages similar 
to those which we have before stated. ' For instance, 
a floor, such as a b c, having the joint in two pieces 
a b, b c, with a strut b d, ana two ties, will require 
a much greater weight to break it, than if it had 
been a continued joist, like a c, of the same dimen- 
sions. Moreover a piece of timber operating as a 
tie, is much stronger than the same piece if applied as 
a strut ; since in the latter situation it k exposed to 
bending, and when bent is much less able to with- 
stand a very great strain. It must be ackon wledged, 
however, that this advantage is balanced by the 
great inferiority in point tif strength of the joints. 
The joint of a tie depends wholly on the pins ; for 
which reason, ties are never used in heavy works 
without strapping the joints with iron. In the roofs 
we are describing, the diagonal pieces of the middle 
part only, act entirely as ties, while those towards 
the sides act as struts or -braces. Indeed they are 
seldom of such simple construction as we have point- 
ed out, and are more generally constructed like the 
sketch delineated in Figure SO, where there are two 
sets of rafters A B, ab, and the angles, are filled up 
with thin planks, which circumstances are produc- 
tive of strength and stiffness. They have likewise a 
double set of purlines for connecting the different 
trusses. After the roof has been thus divided into 
squares, other purlines run between the middle point 
15, of the rafters, the rafter at E % being supported by 
a check placed between it and the under rafter. 
The middle point of each square of the roof is sup- 
ported and stiffened by four braces, one of which 
springs from e, having its opposite braces springing 
from the similar part of the alining truss. The 
other two braces rise from the middle points of the 
lower purlines, which proceed horizontally from a and 
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b, to the next truss, and are supported by planks io 
the same manner as the rafters. By this contrivance, 
the whole construction k rendered veiy stiff and 
strong. 

The figure delineated at Fig . 26, is intended to 
represent a timber spire, whose plan k an octagon, 
and whose height k equal to eight times the length 
of one of its sides, as k exhibited iu the drawing. 
It will not be necessaiy, in all cases, to limit the 
height of a spire to eight times the length of one side 
of its base, since it may be made to exceed nine or 
even ten times that length ; and spires constructed in 
that manner will have all the elegance of well pro- 
portioned columns. 

Fig . 27, 28, 29, and 90, represent other plans of 
spires, which merit the attention of those who are 
desirous of improving themselves in their profes- 
sional knowledge. 

TRUSSING GIRDERS. 

Fig. 2. and 3, of Plate 7 of Carpentiy, shew tie 
most approved method of trussing girders. 

Fig . 4 represents an horizontakectiou of Fig. 3. 

Fig . 5 exhibits a section of the butment formed 
by cutting across a b, in A. 

Fig . 6 and 7, represent the two sides of the king- 
bolt, at C, in Fig. 2, which is made with a wedge- 
way upon the top, so that it may force out the 
trusses upon the hutments. 

TO TIGHTEN THE GIRDERS. 

The trusses should be let in close to the sides of 
the girder, about an inch aud a half on each side, 
and the head of the king bolt ought to be greased, 
so as to permit its sliding freely by the ends of the 
trusses ; after screwing the girder close, sideways, 
the nut of the king bolt may be turned, while ano- 
ther person strikes the head of the king, at C, with 
a mallet, which will cause it to start eveiy time it is 
struck, and produce greater ease at eveiy revolu- 
tion of the nut, by which means the girder may be 
brought to any degree of camber that may be neces- 
saiy. This, however, k not generally more than 
an inch in twenty feet. 

Fig. 7, 8, 9, 10 and 11, represent designs of truss- 
ed partitions. 

SOFFITS. 

A soffit is defined, by theoretical carpenters, to oe 
the covering of any surface whatever with wood ar- 
ranged on a plane. " 

In a straignt wall which flues equally all round,. it 
is requisite to describe a soffit with a circular head. 
On A B, or CD, being the sides of the plan A BCD, 

Fig. 1, Plate 7, describe semicircles, and produce 
AC, and BD, to meet in E; then with E as a centre 
and the distances EA, EC, describe the circular arcs 
E F, and E G ; ftext divide the circumference of 
either of the semicircles into any convenient number 
of equal parts, (say ten,) and then laying off a. similar 
number of divisions either from A or (T, to F or G, 
in F E^ and the requircdsoflU will be compleatcd. 

Next 
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Next, in a circular wall which flues equally all [I readily obtained. Wte deduce, therefore, from the 
round, it is required to describe a soffit with a cir- ; preceding, that though the sill of the niche and its 
cularbead. i! front rib also, should form a semicircle, yet the ribs 

Let A B C D, as in Figure 2, represent the given ! could hove been obtained in the same manner, by* 

plan, join A B, and having described on it the se- ;! merely applying one half of the sill, 
micircle A H B; then lav out the soffit in t» e same j Lastly, having given the plan and elevation of an 
manner as before directed. From the several points «| elliptic "niche, it is required to find the sweep of the 
of divisK>n 1, 2,3,4, (made use of to effect the pre- It ribs. 

eeding) draw the perpendicular ordinates 11, 22, 33, jj In Figure 5, describe every rib with a trammel, 
44; join F 1, F 2, F 8, and F 4, so as to intersect or by means of a string and two points, a9 elucidated 
the curve line A B, of the plan A B C D, in the ;; in the article geometry* in the- introduction of this 
points a, b, c, d ; through these points draw lines i work ; by taking the distance on the plan from the 
parallel to A B, in order to intersect A F, in m,n,o,p; j base of each rib to the center for the extent of -each, 
next with centre F, and distances Fm, Fn, Fo, or one of its axis, and the height of each rib to the 
and Fp, describe circular arcs so as to intersect res- height of 4 be top of the niche for the other, the true ■ 
pectively F 1, F 2, F 5, and F 4, in the points sweep of each nb will be acquired, 
a, b, c, d; then by these points the half of one edge It will not be necessary to ferrq any moulds, in 
of the soffit is found, from which the other half may. order to back the ribs of the niche, since the ribs 
be very readily pricked. The reverse edge is found themselves will perform this office; as there will be- 

in the same manner. two ribs of each kind, take- the small distances 1 e, 

Again, let it be required to stretch out a soffit, j 2 d, from the plan at 6, and apply them to the bot- 
when a door or witfdow, having a semicircular head, j tom of the ribs D, and E, from d, to 2, and e,toI; 
cuts into a straight wall, in an oblique direction. then the backing tnay be drawn off by the other cor- 
Iu the figure delineated at Figure 3, let A B C D, responding rib, or with a trammel as is exhibited at 1 
represent the given plan ; and at the point B. erect £, by moving the centre of the trammel towards e, 
the perpendicular B E, so as^to* intersect D A, pro- upon the line e c, from the centre c, equal to the 
duced in E, and on B E, describe a semicircle ; let distance 1 e, letting the trammel rod remain the 
the circumference of this be divided into any num- same as when the inside of the curve was described, 
her of equal parts, (say ten) and let the ordinates Let one of the common ribs of a cove bracket be 
be drawn from the several points of division across j given to find the angle bracket fora square or rect- 
tbeplanA BCD: next produce B £, indefinitely, angular room, Figure 6. Let A, be the common 
and on it, lay off the several divisions 1, 2, 3, 4. &c. bracket and b c, its base ; draw b a, perpendicular 
of the semicircle, then, when tlie ordinates have been and equal to b c, join a c, which will be the place of 
all drawn across, and traced off from the plan as the the mitre, let any number of ordinates be taken in A, 
figures and letters direct, the required soffit will be and perpendicular to b c, its base ; and let them be 
compleated. continued soas to meet the mitre tine a c ; draw the 

For more compleat information on this subject ordinaies of B, at right angles- with it ; then by 
we refer, to Nicholson’s . w Carpenter'* new guide . pricking the bracket at it, firom A, as may be readily 
NicHts, seen by the figured the form of the required angle 

Are hollows sunk into a wall for the reception of rib will beshewn. The same rule will do for any other > 
statues having their bottoms planned according to any bracket whatever.* It slteuld be observed, however, . 
segment of a circle or an ellipsis, and their tops that the angle rib must be backed, either externally 
terminating or formed into a kind of canopy. or internally, according to the angle of the room. 

Niches are sometimes made square, but they are groins. 

then entirely destitute of elegance and beauty. Groins are the angular curves made by>the ithh 

Let up suppose, in the first place, the plan of a tual intersectionetof 6emi*cylindecs or* arches, and . 
niche to form the seguient of a circle, and its bead may be considered as either Ttgular, or irregular; 
a semicircle, to describe the ribs for its top, A regular groin is properly so called when the in* 

Let A B Figure 4, Plate 7, of Carpentry , re* tersecting arches, whether semiciroulaiy or semi* 
present the sill, and a, b, c, d, e, f, the front rib; elliptical, are of similar diameters and heights; an 
then it is evident that, the head of. the niche forms irregular groin, ts properly so called where one of the^ 
me half part of the segment of a sphere, the base of arches is semicircular, and the other is semi-ellipti* 
thich portion is the semicircle a, b, c, d, e, f. cal ; thus Figure fc, Plate % presents the plan of an 

Hence, then, any one who is coAver«ant with the irregular brick groin, whose body arch A, forms a 
elementary principles of spherics, may o&sily per- semicircle, and whose intersecting or side arches 
wive* that each of the required ribs of the niche will B, B, are semi-ellipsis* 

W of the same length, and possess the same degree of Figure 2, exhibits a perspective representation of 
wrvatiue as A B, the one half of the sill of the a regular brick groin, the arches of wliich aie semi* 
tiche; and therefore by it r the several riba can be circular, of the same diameter, and intersect each 

* Ejj other 
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other at right angles; and, since any oblique 
section of a cylinder' produces a regular ellip- 
tic curve, it is evident that the angular ribs of 
*uch groins will be semi-ellipses, having their 
transverse axis horizontal, and tneir semi-conjugate 
vertical. This also will be the case when the in- 
tersecting or side arches, as at B, B, Figure 1, are 
elliptical, for as 1,2, 3, 4, evidently form the base 
-lines of such sections, it is easy to conceive that 
their ordinates will coincide with those of the 
body urcli A, which, from being a semicircle, conse- 
quently produces an elliptic arch, (as is represent- 
ed at Figure 3,) with its horizontal axis equal 
to J, 2, or>3, 4, and its vertical to A b, ( Figure 1). 
It may now be perceived that the intersecting arches 
B, ii, are formed by the erection of what workmen 
call the jack ribs, a perspective view of which is exhi- 
bited at Figure 3, where 2, 3, 4, shew the manner of 
'their being fixed on the body arch A, after it has 
beon boarded over. To keep these jack ribs true, 
and in a right line at the top, good workmen place 
a transverse board upon the crown of the arch, (as 
shewn in Figure 3, ) fixing it sufficiently lbw to re- 
ceive the thickness of the covering, that the body and 
intersecting arches may be perfectly even when the 
whole is covered with boards, as in Figure 2, which 
represents the state of the groin when ready for 
turning the brick work over the arches. Let it 
the. efore be observed that the body arch A, Figure 3, 
must l)e entirely covered, before the erection of the 
jaek ribs, whose seat on the body arch, and their 
several heights, as shewn at C, 2, 3, 4, Figure 3, 
may be readily found by inspecting the figure. 

it is next required to find the mould for the jack 
ribs. Let a b c, Figure 4, be the body arch, and 
a d e, the intersecting elliptic arch ; draw similar 
ordinates to both arches, as I. 2, 3, &c. make them 
intersect each other, and produce them each way at 
pleasure. Make g n, equal to the circumference or 

f irt of a b, and g k, equal to the girt of a 1 23 d. 

divide s h, and g k, into four equal parts, (because 
the qimarantal arcs of the semicircle and semi-ellipse 
'were so divided ; then draw through each division 
perpendicular lines, so os to cut at right angles the 
ordinates which were drawn out at pleasure ; and if 
curves be drawn through the points of their inter- 
-sections 5, 6, 7, 8, 9, 10, they will produce correct 
moulds, by which the mitering of each arCb, or their 
respective coverings may be described. Suppose 
it were required to mark a line on the body arch at 
Figure 3, contrived so as to touch the extremity of 
each jack rib at the base ; in such case the mould 
5, 6, 7, Figure 4, must be taken, and if this be 
roadeof thiu pliable wood, the end h, is fixed to the 
crown of the body arch at h, Figure 3, when after 
securing it to that point, the other end 3, is pressed, 
and with a pencil the required curve is traced out. 
After a similar manner the other mould, 8, 9, 10, 
may be applied to the intersections of the elliptic 


arch, and if we suppose it to be covered, as is shewn 
at Figure 2, and the arch to be drawu bade and se- 
parated from the body, the mould 8, 9, 10, bent over 
the boards, will be found to coincide with their ends, 
provided the arches are of the same dimensions, 
which is not the case, however, in this example, al- 
though in theory the principles are entirely the 
same. 

In fixing the ribs of the body arch, at Figure 2, 
C d are strong wooden posts, and i i are the ends 
of beams extending the whole length of the groin, 
and supported by posts under each rib. The gir- 
ders of each rib lie between, which are omitted, 
however, at e, in order to give a clear view, of the 
internal parts of the arch. These long beams also 
act on the principle of wedges, as may be seen ate; 
so that when the brick- work is properly set, they are 
eased gradually, and the wooden ribs, beams, and 
po5t«, are easily struck and cleared away. 

Let ns next consider the plan of an ascending or 
descending groin, and also of the side arches, in 
order to find the intersection ofHhe angles, and the 
moulds for describing the curvature of the intersect- 
ing arches, the general principle of which problem, 
is the same as that of toe preceding. To project 
the present figure, let one quarter of the body rib 
B, be divided into four equal parts, as nt 1, 2,3, 
Figure 5, and let the lines be drawn from these 
points, to the perpendiculars 4, 5. and continued 
round to 4, 6 ; then let the lines of descent 48, 67, 
&c. be drawn* and make G, equal to one of the 
iven side arches in the descent, though the intro- 
uction of more would make no difference. From 
the several points I, 2, 3, &c. of the arch C, where 
the lines of descent cut the circumference of C, draw 
lines perpendicular to the lines of descent, and con- 
tinue them at pleasure. Again, from the same 
points 4,2, 3, &c. at C, draw lines perpendicular 
to the lines of descent, and let them also be produc- 
ed at pleasure. Ajjrain, from the same points 1,2, 
3, &c. at C, draw lines perpendicular to the siJes ot 
the plan A, and from the points in B, repeat the 
same operation, when the intersection of these line? 
will give the curves of the arches on the plan, as 
will appear on inspecting the diagram. When lines 
have been drawn from C, perpendicular to the lines 
of descent, measure the girt of the quarter arch at 
B, and transfer it to the center line at C, as 4, 
a, b, c, d, through which divisions, draw lines par- 
allel to the descent, when their intersections will 
produce the required curve for the mould, which is 
to be applied in the same manner as pointed out m 
the foregoing example. 

The figure delineated at Figure 6, represents 8 
groin, whose intersecting, or side arch B, is Gothic 
and under pitch, that is, it has its perpendicubi 
height less than the height of the body arch A 
which forms a semi-circle. From B, the intersect 
ing arch, project a line from 1, round, to 1, at th< 
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body arch A, and from 1, lei tall a perpendicular 
to s, the centre of the side arch, at A, "draw the 
cord line 3,4,6, and let it be divided into four 
equal parts ^ draw lines also from 2, through each 
division, and produce them until they cut the arch, 
then from 1, draw lines through the points on the 
arch to the perpendicular op; take o p, and place 
it on the side arch B, so a9 to create the same divi- 
sions as at A, then let the cord9 of the side arch be 
drawn, and divided into four equal parts, and pro- 
ceed as before at A ; finally, draw lines from 1, to 
a p, so as to intersect the lines which issue from the 
centre 2, and the intersecting points will give the 
curve of the side rib D. When the plan Tine p s, 
of the angular rib is drawn, let s q, be drawn per- 
pendicular to it, then take the height of the inter- 
secting arch 1, 2, and place it to 9 ; then let the 
cord line p q, be drawn, and proceed with the rest 
as before, and the angular rib E, will be produced 
as required. The same operation may be perform- 
ed by ordinates in the common way, as is represent- 
ed on the opposite side of the figure. 

This groin is intended for plaster, and conse- 
quently very great exactness is required in the for- 
mation of the angular ribs, and the utmost correct- 
ness is necessary also on the under side, to produce 
regularity and smoothness in the ceiling. 

Figure 7, represents the plan o.f another plaster 
groin, whose body arch A, forms a semi-ellipsis, 
and whose intersecting ones B, B, are semi-circular; 
D, is the angular rib, described by ordiuates, as 
appears by the corresponding numerals, which me- 
thod we have already described. The plan ex- 
hibited at C, shews the jack and angular ribs, as 
shewn in the preceding examples. 

The next object of the readers attention is the 
plan ofa curved groin, which may be applied, either 
to brick work or plaster, though in the present 
instance, it will he confined to the latter. 

Let a, b, c, d, Figure 8, be considered as the 
plan of the body arch, and if this plan be continued 
round until it form an entire circle, nothing more 
would be requisite than to repeat what is exhibited 
in the figure before us. Let A, A, represent the 
body arches, and B, B, the intersecting arches, when ! 
in order to find the curvature of the angular ribs, ; 
adopt the following method. Let the base of the 
arch A, be divided into equal parts, from which j 
points, raise perpendiculars to p, q, r, then produce 
the tides of the plan until they meet at S, and 
divide the curve a, b, into 8 equal parts, from which 

C >ints of division, draw right lines to the centre s, 
t these be intersected by describing the several 
curves, by the centre s, from the several divisions of 
the base of the body arch A ; through the points 
thus found draw the several curve bines, ana they 
will form, when they are placed perpendicularly on 
their bade, the correct plan of the angular ribs. 

The vertical curve of the ribs, is found in the 


following manner; draw d, g, and make R equal in 
length to the curve line C d, then lay the girt of the 
curve line C a, from A to h, and divide it into four 
equal parts. Take the ordinates from A, and let 
them be transferred to their corresponding places in 
E, and D, when the curve, passing through these 
points, will be the vertical arch of the angular ribs. 
It must be observed, that when E and D, are fixed 
on the plan, they are supposed capable of being 
bent so as to coincide with the angular curves on the 
plan, otherwise they must be shaped to that curve, 
out of timber of a suitable thickness ; and for this 
reason the intersecting arches divide the curves of 
their plan into the same number of equal narts, as 
before, which is exemplified at e f B, where e 
is made equal to the length of a b, on the curve, and 
i s k, is rendered equal to the curve c d, and when 
their ordinates are drawn, all that remains, is to 
transfer die several corresponding ones from A, by 
which the elliptic curves of the intersecting arches 
are found, ana when placed on their plan, they must 
be made to coincide with their curved plans a b #j 
and c.d, by the same means as were used for obtain- 
ing the angular ribs. The jack ribs of the body 
arches A, A, will be straight on their plan, as at w, 
and must be placed in the direction of the radials, 
from the centre s. The jack ribs of the intersecting 
arches, must be curved on the plan, in conformity to 
their distance from the centre s, as represented Iw n. 

Fissure 9 exhibits the plan of a cylindro-cylindric. 
or Welsh groin, or one under pitch, the body and 
intersecting arches of which are composed of semicir- 
cles or of similar segments, whose intersections meet 
on a curve plnne, and therefore their plan will be a 
curve, as in the foregoing example. When the 
intersecting arch B, has been divided into any num- 
ber of equal parts, let lines be drawn at pleasure, 
perpendicular to its base. From the points 1, 2, 3, 
4, let lines be carried round to the body arch A, a9 
at 1,2, 3, 4, from whence, draw lines perpendicular 
to the base line of A, and where these intersect at 
1, 2, 3, 4, draw a curve line, which will give the 
plan of the angular rib of the arch. The rib itself 
at D, may l>e found as usual, and to this the 
numerals afford a direction,- To find the mould 
necessary to describe the curvature of the intersect- 
ing arches when laid on the body arch A, take the 
girt of the angular rib D, in the inside, at 1,2, 3, 4, 
and draw a right line at E ; then take the ordinates 
from the cord line of the plan of the angular rib. 
and place them respectively at 1,2, 3, 4, which will 
produce the required mould. The angular rib, in 
this figure will be curved both ways, similar to the 
9 hape of the circular groin, which has been before 
described, the same means of describing the former 
l may be made use o^ as were adopted with respect 
to the latter. 

Figure 10, displays the method of describing the 
ribs of a groin over stairs upon a circular plan, in 

which 
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which the bod y rib is impend to be given. Let the 
tread of as many steps be taken as may be thought 
convenient, and of corresponding height, which lay 
down at F; when draw the plan of tne angles as in 
the other groins; then take the length round the 
middle of the steps at E, and lay it worn a to b, at 
F ; make d e perpendicular to b c, at B equal to d e 
at F ; draw the bypotfienuse a c, with the perpendi- 
culars, from d c up to B, and mark B from A, as the 
figures direct; when B will berthe mould 'to stand 
over a b; at the angles draw the cords a 4, and 4m; 
let a 9, 4 h, be perpendicular to them, and each be 
equal to halt the height d e, at B or F ; next draw 
the hypolhenuses g 4, and h m, and the perpendicular 
ordinates, from the cords, through the intersection 
of the other lines that meet at the angles ; after 
which trace the moulds D, and c, from the given rib 
A, and the moulds will be formed for the angle, or 
intersecting ribs. The angle ribs D, and C, are 
shewn in contrary positions, with a view to avoid 
contusion, through an intermixture of their lines. 
( Nicholson* $ Carpenter's New Guide , page 30. > 

The several parts of constructive carpentry, hav- 
ing now been described, in this second division we 
shall proceed to compleat our account, by enumera- 
ting tne various authors who have written on the sub- 
ject, and giving some extracts from their several 
works. 

Among the Italians Serlio, and Andrew Palladio, 
have been particularly eminent for their designs in 
carpentry. The first book of the latter was translat- 
ed by Godfrey Richards, an Englishman, at the end 
of which be gave some remarks of his own, which 
well merit attention. This translation, with the re- 
marks, attained a third edition in 1676. Among 
original English works, have been Moxon’s Me- 
chanical Exercise , a second edition of which appear- 
ed in 1693; Halfpenny’s Art of sound buiMing, 
printed in 1725; she Carpenters Companion , by 
Smith, published in 1733; Ancient masonry , by 
Ratty Langley, which appeared in the same year; 
The British Carpenter , by Francis Price, printed in 
1765, which has attained a fifth edition; and The 
Gentlemen's and Builder's Repository, by Edward 
Boppus, printed in 1738; The Builder's Complete 
Assistant , by Batty Langley, published in the same 
year; The Builder's and workman's Treasury, by 
tiie same author, printed in 1741 ; and also The 
Builder's Jewel , by the same author ; The London 
4 rl <f Building, by William Salmon, a third edi- 
tion of which appeared in 1748; The British Archi- 
tect, by Abraham Swan, a second edition of which 
wa* published in 1750; Designs in Carpentry, by 
the same author, printed in 1759; several pieces of 
carpentiy u> A Complete Body of Architecture , 
written by Isaac Ware, and published in 1768 ; The 
Carpenter's and Joiner's Repository, by William 
Rain, printed in 1778; 1 he Carpenter's Pocket Di- 
a utarj/i by the dame author, printed in 1,780; The 


Golden Rule, by the same author, printed in 1781 ; 
The British Palladio , by the same author, printed 
in 1788; 7 he Practical Builder, and The Practical 
House Carpenter , by the same author, printed in 
1791 ; The Carpenter's New Guide , by Peter Nichol- 
son, the last editiou of which appeared in 1808; 
The Carpenter's and Joiner's Assistant, by the same 
author, a third edition of which was printed in 18&; 
various articles on carpentry, in Rees’s Cyclbpcrdia; 
A Treatise on Carpentry , in the Edinburgh Encyclo • 
petdia ; and a treatise on the same subject, in the Me- 
chanical Exercises, published in 1812, all by the 
same author; A long article on Carpentiy, ina Sup- 
plement to the Encyclopaedia Britannica, written by 
Professor Robison, of Edinburgh; and an article on* 
carpentiy, in A Course of Lectures on Natural 
Philosophy and the Mechanical Arts, by Thomas 
Young, M. D. Professor of Natural Philosophy io 
the Koval Institution of Great Britain ; ana some 
valuable articles on carpentiy in the Architectural 
Dictionary , now publishing by Mr. Peter Nicolson, 
six parts of this Dictionary are already published; 
and if we may be allowed to consider these as a crite- 
rion of the work, we feel ourselves perfectly justifi- 
ed in pronouncing it to be one of the most useful of 
the kind that was ever published. It may not be 
uninteresting to the reader to take a view of these 
different wonts. 

The articles on carpentry by Godfrey Richards, 
comprise “ Rules and instructions for framing all 
manner of roofs, whether square or bevel, either 
above or under pitch, according to the best manner 
practised in England.” 

“ Also to find the length of hips and sleepers, with 
the back or hip mould, never yet publi&bed ny any ar- 
chitect, modern and antique ; a curiosity worth the 
regard, even of the most curious workmen ; exactly 
demonstrated by that ingenious architect, Mr. 
William Pope.” 

u Instructions to find the length and back of the 
hip, so as it may answer the side and the end of the 
perpendicular line of the gable end, the two skirts, 
the side of the roof in piano, or lying in legment with 
the hip and gable end, the diagonal and perpendicu- 
lar lines beiug laid down proportional to any breadth 
or length, by which the most ingenious may serve 
hitnsek^ and an ordinaiy capacity (already acquaint- 
ed with the use of the ruler and compass) may 
plainly demonstrate all the parts of a roof, whether 
square or bevel, above pitch or under pitch, by lines 
of proportion.” 

44 To find the length of the hip.” 

44 To find the back of the hip, so that it may answer 
both sides and ends of the rooL whether square or 
bevel.” > 

44 Ofroofe bevel at one end, and square at the 
other, „ the gable end square^ and the bevel end 
hipped.” 

44 To find the length of each hip, distinct, one 

from 
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fiom the other, ef the longest hips. To find the 
lack of the longest hip. To find the shortest hip. 
To find the baefeofthe hipc” 

“ Of a roof beset at both ends, and broader af one 
end than the other.” 

The 'subjects treated of in Moron's Mrrhkntcal 
Exercises, are, u AC, BD, CD, NO, Groun&pttttes, 
Wall-plates, Bittsummers, Lintels , the Thickness of 
the Wall. 

A B, Also a Grouml-plaUy or Ground-sell. 

P P, The Summer. 

Q Q Q, Girders* 

I, The VFelkJmlefor the Stnirsy and Stair-ease. 

M, Leaving a way ffrr the Chimnies . 

b by Trimmers for the Chimney-nay and Stair- 
case. 

a a a a, Joists. 

Of Framing f dr the Floors. ^-Figure 1 Plate 9 J . — 
The four Plates, A B, A N. N O, and B O, ly in# on 
the foundation, are colled Ground-plates. They 
attach* fo be formed of good oak, and for this size of 
building, about eight inches broad, and six inches 
deep. They should be framed into one another 
with a tenon and mortise. The longer ground- 
plates, A N, find B O, are commonly tenoned into 
the front and rear ground- plates, A B, and N O, 
and into the.«e i wo- side ground- plates, mortises are 
made for the tenons at the ends of the joists, which 
should lie fitted somewhat loosely in, at about ten 
inches distance from one another, as in the draft. 
These ground-plates must be bored with an inch and 
half Auger, and well pinned into one another with 
round oaken phis, made tapering towards the point, 
and so strong, that with the hard blows of a mallet, 
they may drive stiff into the auger-hole and keep 
t e tenon firmly in the mortise. The manner of 
making a tenon and mortise is taught in Jointly 
but because the stuff Carpenters work upon, ie 
generally heavy timber, and consequently not so 
easily managed as the light stuff joiners work upon ; 
therefore they do not at first pin their tenons* into 
their mortises with wooden pins, lest they should be 
out of square, or any other intended position ; blit iu 
laying a block or some other piece of timber 1 under 
the corner of the frame-work in order to bear it 
hollow off the foundation, or whatever else it lie* 
upon, book-pins are driven into the four auger-holes 
in the comers of the grountUpiates, and one by one 
fit the plates either to a squate, or any other intend- 
ed position. And when so fitted, the hook pins are 
driven out, and the wooden pins are driven in, (as 
aforesaid) and when the wooden blocks have been 
taken away one by one, from under the cornersfof the 
frame, it is permitted to foil into its place. 

44 But before theypin up the frame of ground-plates, 
they must set in the summer marked P P, and the 
girders Q Q, and all the joists : marked a a a a. See. 
tod the trimmers for the stair-case, and chimney- way 
narked bby and the binding joists marked e c, for 
dm you cannot get their tenons into their respective 


fftortlse-hole#. They fit all these in, while the 
frame of ground-plates lies loose, and may, comer 
by corner, be opened to let the respective tenons in- 
to their respective mortises, after which they frame 
the raising-plates just as the ground -plates are fram- 
ed, and then frame the roof into the raising-plates 
with beams, joists, See. 

44 The summer is in this ground-plate placed at 
feet distance from the front, and is to be of the samd 
scantling as the principal plates, for reasons which 
shall be shewn hereafter. And the girders are also 
to be of the same scantling as the summers and 
ground-plates. Though, according tothe nice rules of 
architecture, the back-girder need not be so strong 
as the front-girder, because it bears but at 14 feet 
length; and the front-girder beaik at 24' feet length; 
yet carpenters (for uniformity) generally make theift 
so, unless they build an house by the great, and are 
agreed for the sum of money, &c. 

44 The joists bearing 1 at 8 feet, (as here they do) are 
to be 7 inches deep, and 3 inches broad. 

44 The trimmers and trimming joists are 5 inches 
broad and 7 inches deep, and these joists, trimmers, 
and trimming joists, are all to be pinned into their 
respective mortices ; and then their flatness is tried 
with the level, as was taught. 

OP SETTING UP THE CARCASS. 

44 Though the ground-plates, girders, &c, he part 
of the carcass, yet I thought fit in the last section 
they should be laid, before I treated of the super- 
structure, which 1 shall now handle. The four cor- 
ner posts called the principal posts marked A A> 
should lie each of one piece, so long as to reach up 
to the beam of the roof, or raising-plate, and of the 
scantling as th£ ground-plates, viz. 8 inches broad, 
and 6 inches thick, and set with one of its narrow- 
est sides towards the front. Its Tower end is to be 
tenoned, and let into a mortise made near the cor- 
ner of the ground-plate frame ; and its upper end 
hath also a tenon on it, to fit into a mortise made in 
the beam of the roof, or rasing-piece. 

44 At the height of the first story in this principal 
post, must be made two mortises, one to receive the 
tenon at the end of the bressumtner that lie9 in the 
front, and the other to entertain the tenon at the 
end of the brfesanmmer that lies in the return side. 

44 Two such mortises must also be made in this 
principal post, at the height of the second story, to 
receive the tenon at the ends of the bressummera 
for that story, 

44 Though I have spoken singularly , of one princi- 
pal post, yet as you work this, you must work all 
four principal posts; and then set them plumb up- 
right, which you musttiy with a plumb-line. 

44 Having erected the principal posts upright, vott 
must enter the tenons or the bressummers into their 
proper mortises, and with a nail or two, (about at 
single ten ora double ten) tack One end of a deal 
board, or 6ome othet like piece of stuff to the bres- 
summer, and the other end ta the framed work of the 
Q q floor 
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floor, to keep the principal posts upright and in 
their places. Then set up the several posts between | 
the principal posts; but these posts must be tenon- i 
ed at each end, because they are to be no longer than 
to reach from story to story, or from intertic to inter- 
tie, and are to be framed into the upper andunder bres- 
summer. If the interties be not long enough, they 
set up'a principal post between two or three lengths, 
to reach from the ground-plate up to the raising- 
plates. 

. “ It is to be remembered, that the bressummers 
and girders are laid flat upon one of their broadest 
Hides, with their two narrowest sides perpendicular 
to the ground-plot ; but the joists are to be laid 
contrary ; for they are framed so as to lie with one 
of their narrowest t sides upwards, with their two 
broadest sides perpendicular to the ground-plot. 
The reason is, because the stuff of the bressumpiers 
and girders are less weakened by cutting the mor- 
tises in them in this position, than in the other posi- 
tion ; for as the tenons for those mortises are cut be- 
tween the top and bottom sides, and the flat of the 
tenons are no broader than the flat of the narrowest 
side of the joists; so t!;e mortises they are to fit in- 
to, need be no broader than the breadth of the tenon, 
and the tenons are not to be above an inch thick, and 
cdnsequently the mortises are to be made with au 
inch mortice chissel, as is shewn in joinery, for 
great care must be taken that the bressummers and 
girders be not weakened more than needs, lest the 
whole floor dance. 

“ These tenons are cut through the two narrow- 
est sides, rather than between the two broadest 
sides, because the stuff of the girders retains more 
strength when least of the grain of the stuff is cut ; 
and the tenons being made between the narrowest 
sides of thejoists, require their mortise holes no 
longer than the breadth of that tenon ; and that 
tenon being but an inch thick, requires its mortise 
to be but an inch wide to receive it; so that you 
mortise into the girder no more than three inches 
wide with the grain of the stuff, and one inch broad 
contrary to the grain of the stuff. But should the 
tenon be cut between the two broad sides of the 
joists, the mortise would be three inches long, and 
but one inch broad, and consequently you must cut 
Into the girder three inches cross the grain of the 
stuff, which would weaken it more than cutting six 
inches with the grain, and one inch cross. 

u But it may be objected that the tenons of the 
joists being so small, and bearing at an inch thick- 
ness must needs be too weak. 

u Answer, first, though the tenons be indeed but 
an inch thick, and three inches broad; yet the whole 
bearing ofthe joists do not solely depend ui ont'elr 
tenons ; because the girders they are framed into, 
prove commonly somewhat waiuny upon their upper 
sides, and the joists are always scribed to project over 
that wnynniniws, and f»o strengthen their bearing, 
by. so much, as they project over the round- 


ness or waynniness of the upper side of the girder. 

“ Secondly, the floor is boarded with the length of 
the boards athwart the joists, and these boards firm- 
ly nailed down to the joists, which also adds a great 
strength to them. 

“ Thirdly, the joists are seldom made to bear at 
above ten foot in length, and should by the rule of 
good workmanship, not lie above ten inches asunder 
at the most ; so that this short bearing and close dis- 
charging of one another, renders the whole floor firm 
enough for all common occupation. But if thejoists 
do bear at above ten foot iu length, it ought to be 
the care of the master workman to provide stronger 
stuff for them, viz. thicker and broader. If not, 
they cut a tusk on the upper side of the tenon, 
and let that tusk into the upper side of the gir- 
ders. 

w Having erected the principal post, and other 
posts, and fitted in the bressummers, girders, joists, 
&c. upon the first floor, they pin up all the frame of 
carcass- work. But though the girders and joists des- 
cribed for this first floor, lie proper enough for it; 
yet for the second story, and in this particular case, 
the joists lie not proper for the second stoiy; be- 
cause in tlie second stoiy we have described a bal- 
cony. 

“ Therefore in this case you must frame the front- 
bressummer about seven inches lawer into the prin- 
cipal posts ; because the joists for the second floor 
are not to be mortised into the bressummer to lie 
even at the top with it, but must lie upon the bres- 
summer, and project over it so far as the balcony is 
designed to project beyond the upright of the front. 
And thus laying the joists upon the bressummer ren- 
ders them much stronger to bear the balcony, than if 
the joists were tenoned into the front of the bres- 
summer, and projected from it into the street. 

“ But the truth is, though I have given you a 
draft of thejoists lying athwart the front and rear 
for the first floor, you may as well make them range 
with the two sides on the first floor. But then the 
bressummer that reaches from front to rear in the 
middle of the floor must be stronger; and girdera 
must then be tenoned into the bressummer ynd tbe 
ground-plates, at such a distance, that thejoists may 
not bear at above ten foot in length. And the te- 
nons of the joists must be tenoned into the girders, 
so that they will then ranee with the two sides. 

“ But a word more of the bressummer; I say (as 
before) that the bressummer to bear at so great 
length must be made stronger, though it should be 
discharged at the length of the shop, (Vaz. at 25 feet) 
with a brick wall, or a foundation brought up of 
brick. But if it should have no discharge of brick- 
work, but bear at the whole 40 feet xn length, your 
bressummer must be yet considerably stronger than 
it need be were it to bear but 25 feet in length; bo* 
cause the shorter all the bearings of timbers are, the 
firmer they bear. But then the framing work will 
take up more labour, and in many cases it is cheap* 
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er to put in stronger stufffor long bearings, tliafl to 
puta^irder between to discharge the length of the 
joists to be framed into the girders. 

“ But to make short of this argument, I shall give 
you the scheme of scantlings of timber, at several 
bearings, for summers, girders, joists, rafters, &c. 
as they are set down in the Act of Parliament for 
rebuilding the city of London, after the late dreadful 
ire; which scantlings were well considered by able 
workmen, before this adoption was reduced into an 
Act. 

Scantlings of limber for the first sorts of Houses, 

Ft. In. In. 


For tlie Floor 


$ Summers under Id 
C Wall-|>latef .. — 


IS and 8 
7 an4 5 


Ft $at foot. .8) a 

r __ n __ f \ Principal Rafters under 15 fat top . ,5S b 10c 

For the Roof Jgj^ 1 "lUfiers: 4 and 3 inches. 

Length Foot. Thickness. Depth. 

3 


Joists 
which I 
bear 
10 feet I 


Dept 

Joists to .... 10 ..*• 3 .... aod .... 7 ^ 

Garret Floors 3 .... - .... and .... 6b IDC *** 
Scantlings of Timber for the other two sorts of Houses • 

Breadth. Depth. Thickuess. Depth. 
Ft. Ft. In. In. la. In. 

f flO.. to. .15.. 11. .and.. 8 

Summer* or Gir- I 15. .to. .18. . 13. .and. . 9 
ders which bears 18. .to. .21 . . 14. .and. . 10 
io lcugth from | 21.. to.. 24.. XL. and.. 12 
134. .to. .36. .17. .and .11. 

5 In. In. 

2 Principal Discharges upon Piers ia the first ) 13. .and. . 13 
^ Story in the Fronts b 15. . and . . 13 

■ I 

nng johu a,,a> ( ownfloors. 

In. In. 
f 10. .and. .6 

Wall- Plates, or Raising Pieces and Beams < 8. .npd. .6 

C 7.. and,. 5 

U-.A of o.k » 0.^5 -*^;;;;;;^ ^ 

Length. Thickoess. 

Ft. Ft. In. Io. 


In. 

..6 

4 


Principal Rafters J 
from 7 


l5..to,«18 ....7 


18.. to 




foot. .10) Q 
'op .-. 8> *' 


31.. to.. 21 


34.. to.. 96 j 
Length. 
Ft. Ft. 
15. to. .18 


>at foot. .13 
.at top .. 9 
,at foot .13 
fat top . . 9 


....84 

....9 


ParliM from 2i8;.to..Sl....lS 


In. In. 

9.... 8 

9 

Ft. In. In. 

I c- o.ft« S not exceeding in length 9. .5. .4 

( ^ a ^ erB • • } pot exceeding. In length 6. .4. .34 

Scantlings for Sawed Timber and Laths , usually brought out 
of the fVcsl Country , not less than 
Breadth. Thickness. 

Ft. In. In. 

Single Quarters In length 8. . . .34. . . .14 

Double Quarters in length . ,8. . . .4 ... .54 

Sawed Joists in leqgth 8 ... .6 ... .4 

Lath.iole«*.h....> ^5. .. . H- • • •! quarter mud J inch. 

Inches. 


Stone 


Where . 

stone is) 

used to 

keepto 

Chew 

Scant- 

tings 


/ Comer Piers......... 18fqt»afie 

Middle or Single Piers 14 and J3 

Double Piers between Hon«e $ A .. 
and Louse ^14 and 18 


of Houses 


I Door-Jambs and Rends 


12 and 8 


Ft. In. 

{ Comer Pier4 3 6 equate 

Middle or Single Piers.... - 18 square 
Double Pier? between $ ^ at ? iq 
H«aee and House ... . } 44 * od 18 
Door Jambs and Heads . . 14 and 10 


tf' Ft. Thickness. 

Scant lines w,de ) Side- walls. 1 brick F) Bottom paetd plain, 
fnr 1 r c n^d tben 1 brick oo 

for Seweis highy Arch. . I brick oa end) edge clrcnlar. 

We next proceed to Smith’s Carpenter's Com • 
paniotiy in wnich are many observations, veiy judi- 
cious and worthy to transcription ; the introduce 
tion of this work, is interesting, and commences iq 
the following manner. 

M The usefulness of carpenter’s work in building, 
and the little notice taken of it by authors who have 
treated of architecture, and the few there be that 
rightly understand it, prompted me to write the fol- 
lowing treatise. 

“ Carpenter’s work is one of the most valuable 
branches of architecture ; it was contemporaiy with 
the first ages of the world; and with the knowledge 
of this art, Noah closely and firmly connected those 
timbers in the ark, which were so nicely wrought, 
thgt they not only kept the water from penetrating 
into it, but were proof against the tempest and the 
rolling billows,, when, m its womb, it carried all 
the tenants of the earth and air. 

“ Those naval preparations, through all ages of 
the world, as well as those stupendous temples ami 
edifices, erected in all countries, demonstrate th<r 
perfection of this art. The innumerable floating 
buildings, which Troll from one country to another, 
through tempestuous storms, tossed from the moun- 
tain’s height to the depths of the ocean, without in- 
juring the vessel, evidently shew a the vast use and 
judgment of carpenter’s work. 

“ But as that branch of it which relates to templar 
or domed uses, is the subject of this work, I shall on- 
ly treat of its usefulness in them; and may venture 
to affirm that carpenter’s work is the chief tie and 
connection of a building ; it is the ligament which * 
binds the walls together. 

“ The bond-timbers, which strengthen and tie the 
angles of a building, and prevent its separating, is 
the work of the carpenter. Linteling over doors 
and windows, with other dischargements of weight,* 
it is his care to perform. 

“ Bond timbers in cross walls, when settlements 
happen, if they are well applied, prevent the cracking 
of the walls, for they keep the whole together, and 
every part settleth alike, which would fiU the build- 
ings with gaps and chasms if neglected. 

“ Next, die floors; the, rightly framing them, by 
trussing the girders, by placing them on joists, so 
that they come near no funnels of chimnies ; the 
manner of tenanting, tusking, framing of tim- 
bers for chimneys, stairs, &c. I say, aU these are 
the business of the carpenter to see carefully per- 
formed. 

u Partitions of timber, their manner of trussing to 
prevent cracking, settlements, &c. and the dis- 
charge of weight of girders, beams, or cross walls, is 
carpenter’s work ; as is, likewise, the framing of tim- 
ber bridges. 

“ Roofs of various sorts, for common houses, large 

edifices; 
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edifices, or churches, flu^lnanner of fratiitng, tke ; 
height of their pitch, their strength, usefulness, &c. i 
with the various manner of performing all these 
works, ia the subject of this treatise, which I have 
rendered intelligible to eveiy capacity, by designs of 
several sorts, and have described them, in such a 
manner, that wUl render the work useful to carpen- 
ters; in particular, such who are acquainted with 
the manner of performing these operations of tra- 
mming. 

u If it should be objected, that there are few 
things here treated of, but what every carpenter 
knows, I could wish such objectors had been at the 
.pains «I have taken to inform the world, since I reap 
no advantage by it, but the satisfaction of communi- 
cating any thing which may prove serviceable to my 
countrymen. 

“ The first thing which the caipenter must consi» 
*der for the carrying on a building, is the plan, in 
which you are to prepare your timber in having it 
cut into proper scantlings, which shall .be hereafter 
noted. 

“ You are to prepare for lintelingg and bond-tim- 
bers ; for lintels over doors or windows, stuff of five 
^inches thick and seven broad, and it is a slight way 
of building "to put in any of less scantling ; as for 
> door-cases, > their manner of making, and scantlings 
< of stuff, it is, needier to -speak of; it is the best .way 
tohavethom putin when, the foundations are brought 
-up high enough for them. Sond-tpnbers should be 
dovetailed at the angles of the building and cross 
'Walls. And here note, that it is a durable, though 
•expensive way, to have all fir timber, which is laid 
dn the walls of the building, to be pitched with 
>pitch and grease mixed together; the quantity of 
Cgrease, one pound to four pounds of pitch. All these 
things are the care of the carpenter. 

“ Bond-timbers should be four or five inches thick 
for cross walls, and in the angles of a building, six 
or seven inches, and proport ionably broad; six or 
eight feet loHg in each wall ; and it would not be 
Amiss to place them six or eight feet distant all the 
Jieightof the building, in every angle and cross 
•wall ; these, if a building be on on infirm founda- 
tion, cause the whole to settle together, and prevent 
the cracks and fractures which happen if this be ne- 
glected. 

u We come now to the floors, in which these 
things are to be observed; the magnitude of the 
<room, the manner of framing, and the scantlings of 
the timber. 'For the first, you are to observe to lay 
•the girders always the shortest way, and not to 
have a joist at any time exceeding twelve feet in 
length. 

“ The first common method of framing floors, is 
•w here the joists are framed flush with the top of the 
girder.” (The trimming-joists supposed to come 
against chimneys and stairs , are always thicker than 
common joists +) u Being weakened by mortising. 


Scantling of joists, when a floor is framed in this 
manner, ought to be as followeth : 


Common Jolite. 

| Trimmers. 

ft. l0Uc 

. 

Scantling in 
inches. 

ft. long. 

Scant ttnff in 

inches. 

5 

7 X 2* 

3 

7X3 

6 

7 

a 

7x4 

8 

7 X Si 

7 

7X5 

9 

8X3 

8 

8x4 

w 

8 X 3* 

9 

8X5 

11 

12 1 

8X3* 
19x4 1 

10 

9x6 

s 


a These are such proportions, as will render the 
work sufficiently capable of sustaining any cernmoo 
weight. 

u The next manner of framing floors, is with 
binding joists framed flush with the under side of 
the girder- and About three or four inches below 
the top of the girder, to receive the bridgings, which 
are those which lie Across the binding-joists, and 
are pinned down to them with pins of wood, or 
spikes of iron. These binding-joists should be 
framed about three feet, or three feet six inches 
distant from one another, and their thickness four 
or five inches, or in the proportion to the length of 
their bearing, as trimming joists. 

u These floors, if they settle out of a level with 
the building, are made level when the bridgings are 
put in, which is generally after the building is cover- 
ed in, and nearty complicated ; they are generally 
double tenanted. The binding-joists are chased, 
and the ceiling-joists tenanted into them, and put in 
generally after the building is up. These ceiling 
joists should be 13 or 14 inches apart, and the scant- 
ling 2 or 3 inches square, and m large buildings 
3 and 4. As for the bridgings, which lie an the top 
of th6 binding-joists, they may be placed 12 or 14 
inches distant, their scantling 3 and 4, or 3j and 5; 
their bearing being onlv from binding-joist to joist, 
which is three feet, or three feet 6 inches, and these 
are laid even with the top of the girder to receive 
the boarding. We come now to speak of girders; 
and first, for their scantling, take these proportions: 


ft. long 

Scantling in 
laches. 

- 

B. D. 

* 10 

8 X 10 

12 

8* X 10, 

14 

9 X 10* 

Xi 

9* X 10* 

18 

10 X 11 

20 

11 X 12 

22 

11* X 13 

24 

12 X 14 , 


“The 


Digitized by ooQie 





15S 


CARPENTRY AND JOINERY. 


And observe, that as every weight, added, to the 
weight of the timber in the floor, in itself occa- 
sions it to settle, the girders should be cut camber; 
if a 10 feet bearing, half an inch camber ; if 20 feet 
bearing, an inch camber, &c. in proportion to the 
length of the bearing. 

u And farther to strengthen the girder, and pre- 
tent its sagging, as it is called among workmen, that 
is, its bending downwards, 1 have given you several 
ways of trussing girders, which have been roost of 
them practised. 

“ The manner of trussing these girders, is, first, 
to saw the girder down the middle, the deepest way ; 
then take two pieces of dry oak, aoout 4| or 5 inches 
wide, and 4 inches thick; let half the piece be let 
in one side of the girder, and half into the other. 

“ Another way, which is by cutting the girder 
through, and driving a wedge against the ends of the 
trusses. When these are thus prepared, bolt them 
together with iron bolts and keys ; or much rather, 
a screw at the end of the bolt. 

u Some carpenters cut their girders down the 
middle, and bolt them together, without trussing, 
only changing the ends different from what they 
grew, whereby the grain of the wood is crossed, and 
it becomes much stronger than if it had continued 
without sawing down the middle, and thus putting 
it together. 

“ Some in trussing girders, make use of other 
trusses. 

“ The girder being thus trussed and put together, 
proceed in framing tne joists, as in common floors. 
Tlie strongest way being double tenanting and 
tusking, as is shewn in the binding-joists. Before 
1 leave this part of floors, I shall observe to you 
that the best and most workmanlike manner of| 
framing floors, is to plane the upper edge of your 
joists straight; for the straighter and truer your 
joists lie, the truer your boarding will lie,, which is a 
great ornament to a magnificent room ; hut if you 
frame without binding-joists, and lay on bridgings, 
plane the bridgings, and lay them very straight and 
level ; this core taken, will save a great (leal of 
trouble in latino down the boarding, which you are 
often forced to chip and fur up, to make them lie 
even, and those furrings are not only troublesome, 
but are apt to give way, and occasion the creeking 
of the boards as you walk on them. It would be a 
good way to turn arches of brick over the ends of) 
the girders of the floors, because if any alteration 
happens, they are easily taken out, 

44 I come now to partitions of timber, with their 
manner of framing. Timber partitions have these 
properties attending them ; they take up less room, 
and are cheaper than those of brick. 

“ As to roofs, there is a plate to go round a budd- 
ing, which may or. may not be deemed a part of the 
roof; it may be deemed the foundation and tie of| 
the roof ana walls, or it may be taken as only that 


on which the roof lieth. These plates are to be 
dovetailed at the angles and tenanted together in 
their length, several ways. The beams of the roo£ 
which serve as girders to the ceiling- floors, (and in- 
to which all the principal rafters of the roof are 
tenanted) are dovetailed, or what by workmen is 
termed cogged down to the plate, which prevents 
its flying out from the foot of the rafter, whose hut- 
ment is against it; and in the angles of a building, 
pieces dovetailed across the angles of the plate, 
serve to keep it from spreading, aud is the foot of 
the hip. 

“ The common pitch of roofs is to have the 
rafter’s length, if it span the building at once, to be 
three- fourths of the breadth of the building. 
Some make them flatter, as a pediment pitch; and 
the old Gothic way was to mate them the whole 
breadth. 

“ The common pitch is not only unpleasing to 
the eye, but is attended with this inconvenience ; i t 
there is a gutter round the building, the steepness or 
the roof occasions the rain to come with so sudden ft 
velocity into the pipes, . which are to convey the 
water from the gutters, that they fill the gutter; 
and sometimes so fast, that the water runneth over 
the covering of the roof, and does great injuiy to the 
timber. &c. of the budding ; ana the steeper the 
ropf is,, the longer the rafters, and the greater quan- 
tity of timber must be used in the roof, as well as 
.the more weight from the great quantity of timber, 
and the weakening the principal timbers, by adding 
more to its own weight. 

u And the pediroent;pitch is inconvenient, in lyhjg 
too flat* for tliose climates so frequently subject to 
rain, and heavy snows, which last would press and 
vastly incommode the building, and would lie much 
longer on the roof, its declivity being so small ; be- 
sides, in keen winds, attended with rain, the rain 
would drive in under the covering of slate or tiles, 
and create much decay in the timber. 

“ Proportion of beams whose bearing varietb, 
take the following rule : 


Length 
of beam 
in feel. 

Scantling in 

Inches. 

12 

6 

X 

8 

16 

6} 

X, 

8|' 

20 

6 } 

X 

9 

24 

7 

X 

9* 

28 

7* 

X 

9* 

32 

8 

X 

10 

36 

81 

X' 

lOf 

40 

8* 

X 

11 

44 

9 

X" 

12 


u The principal rafter should be nearly as thick 
|at the bottom as the beam, &ad. diminish in its 
R r length 
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length one-fifth or one-sixth of its breadth ; the quote the introductory part, witlr some description* 
king-posts should be as thick as the top of the prin- and observations, which, though they may not be fco 
cipal rafter, and the breadth according to the big- methodically arranged, as those of the last author, 
ness of the struts you intend to let into them, the are, in general correct, and well founded, 
middle part being left something broader than the 44 As all buildings are composed of three princi- 
thickness. . pal parts, viz. strength, use, and beauty, therefore 

“ Struts may diminish as the rafters do, one-fifth, carpentry naturally comes in among the* essential 
crone sixth of their length. In placing struts and heads 01 architecture. It is an art that has been 
collar-beams, the dividing the rafter into as many taken notice of, by all the most famous architects; 
equal parts as you propose bearings, is the rule, therefore these and the like circumstances, prompt- 
because every part of the principal will have its ed me to compile rhe most approved methods of 
equal distant bearings. connecting timlier together, for most of the various 

' t “ Purlins are of the same thickness as the prin- uses in buildings, with the rules^ necessary to be 
cipal rafter, and the proportion of the breadth is six observed therein; but when I considered such a 
to eight; that is, if the rafter be six inches thick, treatise might not give a sufficient variety, therefore 
let the purlins be six indies thick, and eight inches it appeared necessary to add several other things 
broad ; if it be nine inches thick, the breadth of the appertaining to the art, in order to make the whole 
jMirlins is twelve inches broad, &c. particularly useful. 

“ N. B. The purlins are those pieces into which “ 1 have used my utmost endeavours to render 
the small rafters are tenanted, and they are tenanted this treatise not only intelligible to carpenters, but 
into the principal rafter. Length of purlins is gen- a* the same time to be of use to the ingenious theo- 
crally from six to eleven feet, not exceeding that rist in building; and have digested it in such a man- 
length. ner as to need little or no explanation, otiierways 

"“Small rafters; their scantlings two inches and than carefully insjiecting the Plates. 
a half, and four inches ; three inches, and four inches 44 Nevertheless it may not be improper, in this 
and a half; and three inches apd a half^ and five ‘place, to mention some general observations. There 
inches; according to the magnitude of the roof and is a moisture in all timher; therefore all bearing- 
length of the rafters. Small rafters should not ex- timber ought to have a moderate camber, orrouod- 
ceea seven feet in - length in a purlined roof; if it ness, for till that moisture is in so me sort dryed out, 
’happen that the length of the principal be above fif- the said timber will sag with its own weight; and 
teen feet, it is best to put in two tier of purlins in that chiefly is the reason girders are trussed and 
tfie length of the rafter.” used, as in its place will be shewn. But here ob- 

In respect to the construction of roofs for coves, serve that girders are best trussed when they are 
fie has the following observations : 44 The use of first sawn out, for by their diy ing and shrinking, 
.coving a room of considerable height, is, first, the it tightens the trusses in them yet more. 

-making of it much lighter than it would otherwise 44 Observe abo, that all beams, or ties, be cut, or 
be, if level in the ceiling ; the rays of light in a cove forced in framing, to a camber, or roundness, such 
are reflected back again into the rooms, which would as an inch in the length of eighteen feet; and that 
he . otherwise lost and confused in a room with a flat principal rafters be also cut, or forced up to a cam- 
veiling. ber, or roundness, as before. The reason of this ie, 

** Likewise, all room with circular roofe or ceil- all trusses, though ever so well framed, by the 
ings are more commodious and useful for enter- shrinking of the timber, and weight of the covering, 
Aainment, for music, &c. The angles of incidence will sag, and sometimes so much as to offend the 

are always eiqual to those of reflection ; so the undu- eye of the beholder; so that by this preparation,, 

lation of sounds flying on any cove, or spherical part f your truss will e\er appear well, 
of a building, reverberate on the audience; and if I 44 Also observe, that all case-bays, either in floors 
Spherical, n q part of the sphere can receive the vi- [or roofs, do not exceed twelve feet if possible: that 
iwatiom but k will return in the same direction * is, do not let your joists in floors, your purlins in 
from whence the undulation first began. The re- J roofs, &c. exceed twelve feet in their lengtn or bear- 
fleeting ray s< of light, and the reverberation of sounds, [ing; but rather let the bearing be eight, nine, or 
proceed from the same catise, and from incidents j ten feet ; which should be observed in forming a 
^naturally afif?cting the eye and the ear.” plan. 

Mr. Smith’s work is iljustrated by thirty-three 44 Also in bridging floor, do not place your bind- 

plates, twenty of which are designs of roots, and ! ing, or strong joist9 above three, four, or five feet 

five are plaqs or elevations of wooden bridges. (apart; and that your bridgings, or common joists, 
The next work to be reviewed, is-the British Car» \ are not above ton or twelve inches apart, that is? 
penter, by Mr. Francis Price, whose treatise has between one joist and the other, 
obtained the recommendation, of Messrs. Hawks- j 44 Here also observe, never to make double te- 
Aioor, James, and .Gibbs. From this we shall also mints Or tenons, for bearing uses* such as binding 

Jl joists. 
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joist*, common-joist*, or pUrlms; for, m the first 
place, it weakens very much whatever you frame it 
into ; and, in the Secohd place, it is a rarity to have 
a draught in both tenons, that is, to draw your joint 
close by the pin ; for the said nin, by passing through 
both tenons, (if there is a draught to each,) must 
bend so much, that without the pin he as tough as 
wire, it must needs break in driving, and conse- 
quently do more hurt than good.” 

He then proceeds to notice the scarfing of beams, 
the method of trussing girders, and the modes of 
connecting the various joint9 of roofing. He next 
describes bridging floors, and the plan of laying 
down the sides of roofs in piano, in adverting to 
which, he shews the backings of the hips, according 
to Pope’s principle, and how the side joint of a pur- 
lin may be found, so as to cut it by a templet, sup- 
posing there be no room, or occasion to frame it 
into the hip. 

Mr. Price’s rules for finding the pitch of the raf- 
ters tor different coverings, deserve attention. 

w Takeanv width, to fee covered with lead; divide 
the width, first into two parts ; and one of them, 
again into four, as I, 2, 3, 4 ; at 2, and with two of 
these parts describe the quarter circle, which gives 
a proper pitch, or slope to to covered with lead, and 
m called a pediment pitch. 

“ Again, take any Width, and to be covered with 
pantile^; divide it, as before, into two parts, and 
again one of them into four, as 1, 2, 3, 4: with three 
parts, as at 3, describe the quarter circle, which 
gives a proper pitch for the use.” 

u Also take any width, and to !>c covered with 
plain tiles, divide it info two parts, with one make 
a quarter-circle, as the pricked line shews ; which 
gives a pitch, or slope, proper for use, 

Mr. F Vice next presents his readers with sortie de- 
signs for the fronts of buildings, required to have the 
ground story open, and to be supported with story 
posts ; his observations next apply to wooden 
bridges, and he gives the following rules for the 
construction of one : — 

u I have inserted a bridge that may be more ac- 
ceptable than the foregoing ones, because it is 
adapted to public and private uses, by being so 
formed of small parts, that it may he carried to any 
assigned place, and there put together at a short 
notice. 

' “This bridge H, Figure 2, Plate 9, I suppose to 
consist of two principal l ibs, as i, k, made tnus, the 
width of the place is spanned at once by an arch ri- 
sing one sixth part of its extent; its curve is divided 
into five parts, which d propose to be of good sea- 
soned English oak plank, of three inches thick, and 
twelve broad, their joint or meeting tends to the 
centre of the arch; within this rib is another, cut 
out of plank as before, of three inches thick, and 
nine broad'; in such sort as to break the joints of 
•the other. In each of these ribs, ate made four 
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mortises, Of (bur inches broad, arid three high, and 
in the middle of the said nine inch plank, (the»%ttior- 
tises are best set out with a templet, on which the 
said mortises have been truly divided and adjusted;) 
lastly; put each principal rib up in its place, driving 
loose keys into some of the mortises, to hold the 
said two thicknesses together; while other help is 
ready to drive in the joists, which have a shoulder 
inward, and a mortise m therti outward ; through 
which, keys being drove, keeps the whole together ; 
on these joists, lay your planks, gravel, &c. so is 
your bridge conrpfeat, and suitable to a river, &c / 
of thirty* six feet wide. 

“ In case the river, &c. be forty or fifty feet wide, 
the stuff should lie larger, and more particularly 
framed ; as is shewn in pari of the plan enlarged, as 
I ; these planks ought to be four inches thine, and 
sixteen wide; and the inner ones that break the 
joints, four inches thick, and twelve broad ; m each 
of these are six mortises, four of Which are four 
inches wide, and two high; through these are drove 
keys, which keep the ribs the better together ; the 
other two mortises are six inches wide, and four 
high; into these are framed the joists, of six inches, 
by twelve; the tenons of these joists are mortised 
to receive the posts, which serve as keys; as is 
shewn in the section K,and the small keyg are shewn 
as in L ; all which inspection will explain. That 
of M, is a method whereby to make a good but- 
inent in case the ground be hot solid ; and is by 
driving two piles perpendicularly, aud two sloping ; 
the heads of both being cut off so as to be embraced 
by the cill, or resting-plate ; Which will appear by 
the pricked lines drawn from the plan 1, and the let- 
ters of reference. 

“ All that I conceive riecessary to be said farther, 
is, that the Whole being performed without iron, it is 
therefore capable of beirig painted on Over y pari, by 
which means the timber may 1 be preserved ; for 
though in sOme respects irort ik indispensably ne- 
cessary, yet, if in such case* Where things are, or 
may be often moved, the iron will rust arid scale, so 
as that the parts w ill become loose in process of 
time ; which, as I said before, if made of sound tim- 
ber will always keep tight and firm together. It 
may not be amiss to observe, that whereas sonic 
may imagine this arch of timber is liable to give 
way, w hen a weight conies on ally particular part, 
ana rise where there is no weight, such objectors 
may be satisfied that no part can yield, Or give way, 
till the said six keys are broke short oft at once, 
which no weight can possibly do. 

Mr. Price, speaking of the Circular domes, ob- 
serves, that u of what has been hitherto described, 
nothing appears so beautiful when done, as domes, 
or circular roofe; and as tar as I can perceive, no- 
thing has appeare d so difficult in doing, therefore it 
will be proper to speak something of thCmr.” 

Figure 3j Plate 9.-*-“ Let B represent : a* plan^dn 

which 
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which let ft, ft, 6, be the plate on the supposed wall ; 
and letc, c, r, be the kirb on which stands a lantern, 
or cupola ; also let a, a, a, represent the principal 
ribs. . 

“ From the plan B, make the section A ; in 
which the kirb, or plate ft should be in two thick* 
nesses ; as also that of r, by which it is made strong- 
er ; and indeed the principal ribs would lie much 
better to be in two thicknesses. The best timber 
for this use is English oak ; because abundance of 
that naturally grows crooked. As to the curve or 
sweep of this dome A, it is a semicircle; although 
in that point, every one may use his pleasure ; and 
in it are described the purlins d, r, from which per- 
pendiculars are dropped to the plan B; so that/ 
1 ^ tne mould the lower purlins are to be cut out by, 
before they are shaped or squared for use ; and that 
. gS is the mould for the upper purlins. I rather 
shew it with purlins, because under this head, may 
be shewn the manner of framing circular roofs in 
form of a cone. 

“ To shape tliese purlins, observe, in A, as at d 
j and e, the are so squared, that the joints of the sud- 
posed small ribs are equal. Observe, as at e 9 tne 
corners of the purlin, from which the perpendiculars 
are let fall to the plan B. So that your purlin being 
first cutout to the thickness required, as appears in 
, and also to the sweep f ; so that k is tne mould 
. for the bottom, and l the mould for the top ; by 
which, and the lines for the cornets of the said pur- 
lin e, the same may be truly shaped and squared. 

N. B. This particular ought to be well di- 
gested, it being a principal observation in a circular 
roof. 

“ And from the purlin d, in the section A, per- 
pendiculars are dropped to the plan B ; and in 
which it appears that n is the mould for the top, 
andt the mould for the bottom; so may this be 
squared, which compleats the performance. As to 
other particulars, due inspection will explain them. 
If any should say, a dome cannot be done so safe 
without a cavity as usual, let them view St. Ste- 
phen’s, Walbrook, Stock’s- market, built by that 
great architect. Sir Christopher Wren.” 

“ On perusing the foregoing dome, which has no 
vacancy, and that of St. Paul’s dome, that has so 
great a one, 1 thought necessary to represent one at 
a medium, and which seems very concisely adapted 
to a temple, of eighty feet diameter in the clear; 
the walls I nave represented one eighth part of the 
opening. — Figure 4. 

“ I suppose this a temple standing clear from 
other buildings, so that one n>ay have a beaut ifnl 
view of it ; as to its performance, it is sufficiently 
explained in the foregoing plate ; the vacancy gives 
a great streugth to it, and renders it more capable 
.of bearing the cupola; for, by framing that part of 
the section C, as at a, a, in the maimer represented 
in D, it not only gives an opening for the Ught to 


illuminate the inside, but gives a great strength te 
the whole. 

“ N. B. In all roofs of a great extent, the wind is 
to be prepared against, as strictly as the weight of 
the materials which cover it, because it has so great 
a force in storms of wind, and rain ; that is, it arts 
with more violence than the materials do, they 
being, (what we may call) a steady pressure. 

u The plan D, may be observed to consist of two 
square frames of timber, crossing each other, and 
halved together, the corners of which, and the inter- 
sections prove a very good tie, and at the same time 
is of a resisting nature ; so that it becomes the chief 
connection in the dome. 

u I suppose this dome to consist of si xteen prin- 
cipal ribs; which is a mean betwixt the foregoiug 
one, which has but eight, and that of St. Paul’s, that 
has thirty-two ; this also may be framed with pur- 
lins, or may have ribs let into tlie9e principal oue% 

1 horizontally ; so that the boards that cover it, may 
stand upright as it were ; although 1 don’t think 
that a material point. If the plan were to be pre- 
pared for twelve principal ribs, then two equilateral 
triangles, crossing each other, might better suit than 
to half two squares together.” 

He next shews the method of covering polygonal 
buildings. 

In Figure 5, “ let A be tUe plan, the upper part 
of which is half an octagon. It is observab le, that a 
circular roof, as B, should extend no farther than 
the upright of its support, and there made so as to 
carry off the water ; whereas an ogee roof, as C, 
may extend to the extremity of the cornice, without 
injury to its strength, or offence to the eye of the 
| most curious : also, a hollow roo£ as D, may extend 
to the extremity of the cornice. 

| “ It appears to me, that many angles of a cupola 

give it beauty ; therefore the sweep E, is a regular 
curve, the base line / £, being taken from the angle 
of the octagon in the plan A, as at / k. This curve 
E, is divided into a number of equal parts, in order 
to trace the common rib, F, from the said angular 
rib E ; observe, in A, the base of the common rib, 
f /, which is placed in F, as from /to/; continue 
the perpendicular, /, at pleasure ; take the base / k, 
in E, on which are the perpendiculars dropped from 
the curve, and observe to place that distance, k /, in 

E, from f 9 in F, to any part where it cuts the per- 
pendicular / in F, as at m; from these divisions 
raise perpendiculars, so by continuing the base lines 
from the divisions in E, to these perpendiculars in 

F, their intersection, or meeting, is a curve or 
sweep exactly agreeable, and which, indeed, may 
serve as a standard rule to trace any moulding 
whatever. 

u To back the said angle-bracket, D, observe to 
^escribe the thickness of it on your plan, as ill 
A, at kj which shews how much your mould must 
be shifted, as may appear in D. This also may 
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fee observed to be a general mle for the backing of " N. B. The cause of these enters against the 
i toy bracket.” windows being a Gothic arch, proceeds from their 

“In G, ie the angular bracket of an O G roof, making part of the whole sweep or arch, which 

taken from the plan A ; as at 1, c, and H, is the though it does not add to its beauty, it does to its 

common rib, or bracket / ^ traced from G, as abovr stmurth in a particular manner, 
b shewn. As also tnc manner of backing the hip G, “Ho next say 7 , regarding variety, I have giv n 
which must of course appear by inspection. here another method tor vaults, and which, indeed, 

■Figure 1 Plate 10, Let A be the plan of a vault may give more pleasure to the reader, as being a 

lobe centered for groins. Ato, A,r, rf, are piers, curiosity never before published, and may appear 

E ^nerally prepared in with the foundation, which more intelligible than that in the foregoing.” 

?ar the weight of the brickwork. First,, resolve on Figured — “ View the plan G and it* section H, 

the curve you would have, as dec, being a semi- which is composed of entire semicircles, as bfei 
circle, wliicn is shewn by the section B. Begin in see also the section 1, which is an ellipsis traced 
A at d e c; center through, as it were a common i from bfe in H ; but for use, uothing is more true 
vault, and board it; which being done, to make ! than the trammel. • 

jour groin set centers, as from a to c, and from b to j 44 See this plan again, and also its section I,' from 

rf, divide the curve dec into four equal parts, as at ! which is described the curvilinear face K, and afeso 
gand f ; soareg, e small centers, you will want to the fuce of the* semicircular arches, as JL, all being 
nail on the centers first boarded, whose place, or alike. And this is what I call a more accurate me- 
plan is at h; these small centers may be put in at thod for finding the groin, so as to be straight over 
pleasure, according to the bearing ot your boards, its base, and at the same time gives a standard 
that is, as to the distance between each center. To rule whereby to account for any curve, or face of 
make your groin straight on its base, at some little j a ceiling whatever. The curve in I is divided 
height over the centers, strain aline from A toe, or I regularly, though seemingly into unequal parts, 
from d to o, from which drop perpendiculars on your ! which being drawn to the groin in tlie plan G, as 
boarding, first fixed at as many places as you please; j appears by the figmes 1, 2. 3, 4, 5, 6 y 7, 8, 9, and 
there drive in nails, and bend a straight rod till it which are transferred into Lai 1, 2, 3, See. Also 

touch jthem all : and then, with a pencil or chalk, ! the circle b fe in H, is- divided into eighteen equal 
describe the curve so formed, to which bring the ] parts; the half consequently into nine, which 
boards to be nailed on these little centers, and their appears from A to e inL. This method doubtless 

joints will form a straight groin.” will be plain, and therefore needs no farther explana- 

Figure 2. 44 Let C be a plan of greater extent, tion. 

and which suppose to be supported by two piers, j 44 That of K belongs to the sectiog I, extended 
a sfyl. The section D is composed of entire semi- as it were, and that of L belongs to- one of the 
circles, then, consequently, your curves in the section small arches of H, also stretched out, they being all 
E wiH be elliptical, as A,w, rf, and may be described alike.” 

with a trammel. What was said in A explains this 44 N. B. To find the groin by a more common 

at one view. method, do thus ; erect a straight piece of a board, 

44 If these pillars should be in the way, view the or the like, on the comer of the pier the groin 
plan and sections again : first, form the principal springs from, and drive in a nail at the point of 
curve, as D at a g h A* being ail ellipsis, so that the the groin's meeting, on which fasten one end of 
centers will be a Gothic sweep against the windows, a chalked line, straining it tight, slide it down 
as eg a: trace the curve rf A Ain E, agreeable to the side of the said straight piece, and R will 
eg* a, in D, with which center it, as shewn in A, and form the groin so as to stand perpendicularly over 
makegood your groins to the sides : lastly, make a its base.” 

flat center^ as at g h i A, which flatness is shewn in Mr. Price then shews the nature of oblique or 

cither of the profiles or sections D and E, and fix it rampant arches, with the manner o* tracing the base 

on your centers before complcated, which, doubtless, or seat of the angle ribs of an annular groin, his 
due inspection will make plain, and hereby you table for the scantlings of timber, with accompany- 
troid the pillars, which are equally firm. ing remarks are too valuable to be omitted. 

A TABLE 


(For the Table see the following Page.) 
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A TABLE FOR TITE SCANTLINGS OF TIMBER. 


\A Proportion for Timbers for small Buildings 

A Proportion for limbers for large Buildings^ 

Bearing Pu 
Height 
if 8 feel 

10 

12 

sts of Fir 
Scantling 

4 inch. square 

5 

6 

Bearing Pc 
Height 
if 10 feet 

12 

14 

sts of Oak 
Scantling 

6 inch sq 

8 

10 

Bearing P< 
Height 
if 8 feet 

12 

16 

ists of Fir l 

Scantling 

5 inch sq. 

8 

10 

Bearing Pn 
Height 
if 8 feet 

12 

16 

sts of Oak 
Scantling 

R inen sq. 

12 

16 

Girders 
Bearing 
if 16 feet 

20 

24 

of Fir 
Scantling 

8 ins. by 11 
10 12* 

12 14 

Girders of Oak 

Bearing 1 Scantling 
if 16 feet 10 ins. by IS 

20 12 14 

24 1 14 15 

Girder^ 
Bearing 
if 16 feet 

20 

24 

of Fir 
Scantling 

9* ins. by IS 
42 14 

13* 15 

Girders of Oak 

Bearing r Scantling 
if 16 feet 12 ins. by 14 

20 15 15 

24 1 18 16 

Joists 
Bearing 
if 6 feet 

9 

12 

>f Fir 

Scantling 

5 ins. by 2* 
6* 2* 

8 2* 

Joists 
Bearing 
if 6 feet 

9 

12 

of Oak 
Scantling 

5 ins. by $ 
7* 3 

10 3 

Joists 
Ben ring 

if 6 feet 

9 

12 

of Fir 
Scantling 

5 ins. by 3 
7* 3 

10 3 

Joists 
Bearing 
if 6 feet 

9 

12 

if Oak 
Scantling 

6 ins. by 3 
9 3 

12 3 

Bridging 
Bearing 
if 6 feet 

8 

10 

;s of Fir 
Scantling 

4 ins. by 2* 

5 2* 

6 5 

Bridging 
Bearing 
if 6 feet 

8 

10 

s of Oak 
Scantling 

4 inch by S 

5* 3 

7 3 

Bridging 
Bearing 
if 6 feet 

8 

10 

s of Fir 
Scantling 

4 irtdi by 8 

5* S 

7 S 

Bridging 
Bearing 
if 6 feet 

8 

10 

s of Oak 
ScantliDg 

5 ins. by S* 
6* S* 

8 34 

Small Raf 
Bearing 
if 8 feet 

10 

12 

ters of Fir 
Sc.rtitling 

3* ins. by 2& 
4* 2 

5* 2* 

Small Raf 
Bearing 
if 8 feet 

10 

12 

ers of Oak 
Scantling 

4* ins. by 3 
5* S 

6* 3 

Small Raf 
Bearing 
if 8 feet 

1 10 

12 

fers of Fir 
Scantling 

4* ius. by 3 

5* S 

6* S 

Small Raft 
Bearing 
if 8 feet 

10 

12 

ers of Oak 
Scantling 

5* ii». bv 3 
7 3 

9 3 

Beams of 1 
Length 
if 30 feet 

45 

GO 

^ir, or ties | 

Scantling 

6 ins. by 7 

9 8* 

12 11 

Beams of O 
Length 
if 30 feet 

45 

60 

ak, or Ties 
Scantling 

7 ins. by 8 
10 11* 

13 15 

Beams of I 
Length 

« ___ 

*'ir, or Ties 
Scantling 

7 ins. by 8 
JO 11* 

13 15 

Beams of O 
Length 
if 30 feet 

45 

60 

ak, or Ties 
Scantling 1 
8 ius. by 9 
11 12* 

14 16 

Principal Rafters 6f Fir 
Scantling 

Length Top Bottom 

if 24 ft. 5 in. & 6 6 in. & 7 

36 6$ 6 8 10 

48 8 10 10 12 

Principal Rafters of Oak 
Scantling 

Length I Top j Bottom 
if 24 ft. 7 in. & 8 8 in.& 9 
36 « 9 9 10* 

48 J9 10|10 12 

Principal Raftc 
Scantlin 
Length Top 

if 24 ft. 7 in. & 8 

36 8 9 

1 48 9 1U 

rs of Fir 

Bottom 

8 in. & 9 

9 10* 

10 12 

Principal Rnfters of Oak 
Scantling 

Leogth Top Bottom 

if 24 ft. 6 in & 9 9 in. & 10 
36 9 10 10 12 

18 llO 12 12 H 


Although 


Digitized by 


Googlg 




CARPENTRY AND JOINERY. 


•159 


" Although this table seems 90 plain aa to need no “ The first things to be considered in work** of 
explanation, it may not be amiss to observe some this kind, are, the weight that is to be supported; 
particulars, such as that all binding or strong the goodness and kind of timber that is to be em- 

joists, ought to be half as thick again as common ployed; and proper scantlings necessary for that 

joists; that is, if a common joist be given three purpose. 

inches thick, a binding-joist should be four u The strength of timber in general is always in 
inches and a half thick) although the 9ame depth, proportion to the quantity of solid matter it coii- 
“ Observe also, that if con veniency do notallow of tains. The quantity of solid matter in timber is 

posts in partitions being square) in such cases mul- always more or less, as the timber is more or less 

tiply the square of the side of the posts, as here heavy ; hence it is, that all heavy woods, as oak, 
£iven, by itself: for instance^ if it be six inches box, mahogany, lignum- vitas, &c. arc stronger 
square, then as six times six is thirty-six, conse- than elder, deal, sycamore, &c. which are lighter or 

J uently to keep this post nearly to the same strength, (rather) less heavy ; and, indeed, for the same rea- 
nd some number that shall agree thereto; as sup- son, iron is not so strong as steel ; which is heavier 
pose the partition to be four inches thick, then let than iron ; and steel is not so strong as brass or cop- 
yoor post be nine inches the other way, so that per, which are both heavier than steel. To prove 
nine times four is thirty-six, being the same as six this, make two equal cubes of any two kinds oftimb- 
times six; so that the strength is nearly the same, er, suppose the one of fir, the other of oak ; weigh 
although being equal in its squares is best for the them singly, and note their respective weights; 
strength. this done, prepare two pieces of the same timbers, of 

“ Posts that go the height of two or three stories, equal lengths, suppose each five feet in length, and 
need net hold this proportion, because at eveiy let each be tried up as nearly square as can be. but 
floor it will meet with a tie; admit a post was to such scantlings, that the weight of a piece of oak 
required of thirty feet high, and 'in this height may be to the weight of a piece of fir, as the cube of 
there were three stories ; two of ten feet, and one oak, is to the cube of fir; then those two pieces 
of eight. . Look for posts of fir of ten feet high, being laid horizontally hollow, with equal bear- 
their scantling is five inches square, i. e. twenty- iugs, and being loaded in their middles with in- 
five square inches; which double for the two creased equal weights, it will be seen that they will 
stories. bend or sag equally ; which is a demonstration that 

“ And take also that of eight feet high, being four their strengths are to each other as the quantity of 
inches square, t. e. sixteen square inches, all which solid matter contained in them.” 
being added together, make sixty-four square inches; (Mr. Langley is here evidently wrong, for the 

so that such a post would be eight inches square, relation between weight and strength is not general. 
On occasion it may be lessened ill each story as it In some cases the very reverse takes place to what 
rises. he asserts.) 

u I do not insist that the scantlings of timber . u As the whole weight on partitions is supported 
ought to be exactly as by this table is expressed, by the principal post, tiieir scantlings must be first 
but may be varied ill some respects, as the workmen considered, aud which should be Jone in two diff- 
shall see fit ; the reason of its being inserted is in erent manners, viz. first, when the quarters, corn- 
consideration of the scantlings of tinuier, as formally monly called studs, are to be filled with brick-work, 
settled by Act of Parliament, and whiclq if compar- and rendered thereon ; aud, lastly, when to be lath- 
ed, will prove the necessity and use of this table. ed and plastered on both slides. 

u As to plates on walls, or bressummers to sup- “ When the quarters are to be filled between 
port walls, 1 do not find they can come into any with brickwork, the thickness of the principal posts 
regular proportion, as the rest do, therefore must be should be as much less than the breadth ota brick) 
left to discretion.” as twice the thickness of a lath ; so that when these 

In Mr. Langley’s publications, many interesting posts are lathed to hold on the rendering, the laths 
particulars are to be found relating to carpentry, on both sides may be flush with the surfaces of tlje 
Concerning partitions, he offers the following re- brickwork. And to give these posts a sufficient 
marks in his Builder's Complete Assistant. strength, their breadth must be increased at diserq- 

" When partitions have solid bearings through- tiou ; but when the quarters are to be lathed on 
out their whole extent, they have no need to be both sides,or when wainscotting is to be placed against 
trussed; but when they can be supported but in the partitioning, then the thickness of the posts may 
some particular places, then they require to be be made greater at pleasure. The usual scantlings for 
trussed in such a manner, that the whole weight the principal posts of fir, of 8 feet in height, is 4 or 5 
shall rest perpendicularly upon the places appoiut- inches square; of 10 feet in height, 5. or 6 inches 
ed for their support, and no where else. Partitions square; of 12 feet in height, 6 of 7 inches square; 
are made of different ^heights to carry one, two, of 14 feet in height, 7 or 8 inches square; of 16 feet 
or more floors, as the kinds of buildings require. in height, from 9 to 10 inches square. But thesp 

last, 
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last, in roj opinion, are ftill large, where no very 
great weight is to be supported. As oak is much 
stronger than fir, the scantling of oak posts need not 
be so large as those of fir ; and therefore the scant- 
ling assigned by Mr. Price, in his Treatise of Car - 
ventn /, are absurd, as being much larger th;? those 
he has srsdgned for fir roofs. To find the' just scant- 
ling of oaken posts, that shall have the sime strength 
of any given fir posts, this is the rule : 

“ As the weight of a cube of fir is to the weig’.t 
of a cube of oak, of the same magnitude, so is the 
area of the square end of any fir post to the area of j 
the end of an oaken post, and whose square root is j 
equal to the side of the oaken post required.” 

(This assertion- is obviously incorrect, and al- 
most refutes itself.) 

4C The distances of principal posts are generally 
about ten feet, and of the quarters about fourteen 
inches ; but when they are to be lathed on both 
sides, the distances of the quarters should be such as 
will be agreeable to the lengths of the laths, other- 
wise there will be a.great waste in the laths. The 
thicknesses of ground-plates and risings, are gener- 
ally from two inches and a half to four inches, and 
are scarfed together. 

u For the better disposing of the weight imposed on 
girders, lintels should always be firmly bedded on 
a sufficient number of short pieces of oak, laid across 
the walls, vulgarly called templets , which are of ex- 
cellent use. 

“ Let girders be laid in piers, or in lintels over 
windows ; it will in both these cases be commenda- 
ble to turn small arches over their ends, that in case 
their ends are first decayed, they may be renewed 
at pleasure, without disturbing any part of the 
brick-work ; and for their preservation, anoint their 
ends with melted pitch ana grease, viz. of pitch four 
of grease one;- and, indeed, were lintels to be 
covered with pitch and grease also, it would con- 
tribute very greatly to their duration. 

“ In the carrying up the several walls of build- 
ings, it should be carefully observed, to lay m bond- 
timbers on templets, as aforesaid, at every six or 
seven feet in height, cogged down, and braced to- 
gether with diagonal pieces at eveiy angle, which 
will bind the whole together in the most substan- 
tial manner, and prevent fractures by unequal set- 
tlement. 

“ The distances of girders should never exceed 
twelve feet, and their scantlings must be proportion- 
ed according to their lengths ; as by experience it is 
known that a scantling of 1 1 inches by 8 inches, is 
sufficient for a fir girder of 10 feet in length, the 
area of whose end is 88 inches, it is very easy to 
find the proper scantling for a girder of any greater 
length, suppose SO feet, by this rule ; as 10 feet, the 
length of the first girder, is to 88 feet, the area of 
its end, so is SO feet, the length of the second gir- 
der, to 176, the area of its end. 


“ Now to find its scantling, that, being multiplied* 
into each other, shall produce 176 inches, the area 
found, one of them must be giten, viz. either the 
depth or thickness. In this example, the given 
depth shall be 12 inches, therefore divide 176 bv 12, 
and the quotient is 14 inches and two-thirds, which 
is the other scantling, or breadth required.” 

“ To prevent the sagging of short girders, it is 
usual to cut them camber : that is, to cut them with 
an angle in the midst of their lengths, so that their 
middles shall rise above the level of their ends, as 
many half inches as the girder contains times ten 
feet. And, indeed, girders of the greatest length, 
although trussed, should be cut camber in the same 
manner.” 

It may be proper here to notice, that the camber- 
ing of girders does not preve/it them from sagging, 

I though perhaps it may obviate their becoming con- 
cave on the upper side. With regard to trussing 
girders, the flitches should not be cut to a camber, 
j but brought into this state in the act of trussing. 

u The next order i9 joists, of which there are five 
kinds, viz. common-joists, binding-joists, trimming- 
joists, bridging-joists, and ceiling-joists. First, 
common-joists are used in ordinary buildings, whose 
scantlings in fir are generally made as follows, 
\ iz. — 


Common ioiiti, as used ioj 
•mall building*. I 

Length 

Branding in 

in feet 

inches 

6 

6f X 2 { 

9 

6f X 2f 

12 

8 X 2* 


(In looking. at the table, it will naturally be aste3 
why should tne scantling of the joist 9 feet in length* 
be no more than of 6 met f This must be a mis- 
take.) 

“ But in large buildings, the scantlings are much 
larger, where it is common to make joists of tte 
following dimensions : — 


Common joists, as employed 
in large buildings 

Length 
in wet 

Scantling in 
inches 

6 

9 

12 

5 X 3 

7 i X 3 

10 X 3 


a As oak is much heavier than fir, it is customs^ 
to make the scantlings of oak joists larger than 
those of fir; but I believe it to be entirely wrong, 
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for the reason before given, relating to the strength 
of timber. 

“ Secondly, binding-joists are generally made 
( half as thick again, as common joists of the same 
lengths;” and u are framed flush with the under 
surface of the girders, to receive the ceiling joists, 
and about 3 or 4 inches below their upper surfaces, 
to receive the bridging-joists ; so that the upper 
Surfaces of the bridging-joists may be exactly flush, 
or level, with the girder, to receive the boarding. 

“ The distances that binding-joists should be laid 
at, should not exceed 6 feet, though some lay them 
at greater distances, which i9 not so well, because 
the bridging, and ceiling-joists, must be made of 
larger scantlings, to carry the weight of the ceiling 
and boarding, and consequently a greater quantity 
of timber must be employed. But, however, as tins 
particular is at the will of the carpenter, I shall only 
add that the scantlings for bridgings of fir,” to their 
several lengths, are as follow : — 


| Bridgings of fir. 

bearing. 

Scantling. 

feet 

inches by inchr* 

6 

4X3 

8 

5X3 

10 

7X3 


u Their d^tances from each other, about 12 or 14 
inches.” 

He then goes to the subject of roofs. 

M As the common method of framing the trusses 
of principal rafters of large roofs, is to lay the whole 
weight of the beam and covering upon the feet, they 
therefore should be secured at the beam with iron 
straps, to. prevent their flying out, in case that the 
tenons should fail; but as I apprehend this method 
was capable of improvement, 1 therefore considered 
that if under the lower parts of principal rafters, 
there be discharging struts framed into the beams 
and pricked posts, they will discharge the principal 
rafters from the greatest part of the whole weight.” 

“ This is an improvement, but the idea seems 
tohave originated with Price and is to be found among 
his designs of roofe. It certainly gives an additional 
security to the principal rafters, so that if the outer 
abutment should fail, the roof will still be supported 
by the inner one. 

His scantling? of fir timbers for roofs are as fol- 
lows. 


/ 

Beams 

Length 

Scantling 

feet 

inches by inches 

♦ 

30 

6 X 7 

45 

9 X 7 

60 

10 X 

75 

10| X 10 

90 

12 x 104 




Principal Rafters' 



Length 

. 

Scantiiog at top 

Scantling at Botm. 

feet 

iochet by inches 

inches 

by 

inches 

24 

5x6 

7 

X 

6 

36 

7x6 

9 

X 

7 

41 

9x7 

10 

X 

74 

60 

10 X 74 

10 

X 

9 

72 

10 X 9 

11 

X 

94 


Small Rafters 

Length 

Scantling 

fret 

inches bv inches 

8 

44 X 3 

10 

5x3 

, » 

6X3 


Mr. Langley in the same work gives examples of 
floors, made of short lengths, for the diversion of the 
curious; plans of various >*oarfings, and laying out 
! of roofs inledgement ; with methoas of tracing angle 
brackets, and covering niches or domes. He speak* 
also, of straight, circular, and elliptical arches ip 
circular walls. 

The Builder's and Worl mnn's Treasury of De- 
signs, by the same author, contains an appendix 
and fourteen plates, illustrative of carpentry. 

Iti The T^ondonJrt' of Building, written by Sal- 
mon, t t ere is nothing original. His principals of 
roofing are similar to thore of Godfrey Richprds, 
Independent ly of these he gives only a few designs of 
| roofs. 

j In The British Architect, the production of Mr. 

\ Abraham Swan, there is. nothing either very original 
i iind his constructions of carpentry are but scanty, 
i From the designs in Carpentry given by Mr. 
i T t Isaac 
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Isaac Wi are tn his Complete Body of Architecture , 
and accompanying observations, we shall select a 
few, for the information of our feeders. 

“ Figures 1 and 2, Plate 13. — Shews how plates 
laid on walls are joined together. 

“ Figure 3, The manner of putting beams to- 
gether of three pieces, where extraordinary lengths | 
are required. These will be equally strong as if] 
they were of one piece of limber. A, shews the 
three pieces laid down and struck out ; the scarf or 
lap is supposed to be 10 feet, divided into 6 
lengths of tables; the hatched ones are sunk an inch 
or more, and when turned up, one will fit into the 
other with great exactness, which must be bolted to- 
gether as in letter B.” 

w Figure 4 ? Is the upper face of a truss beam, 
where C, D, is 1-third of its length ; it is mortised 
at D, four inches down ; and as deep as C. as the 
templet on which it lies ; this must be headed with 
a right butment, that is, square with the top or bot- 
tom of the braces. It is supposed to span 40 feet. 

“ E, upright of the said beam, with the disposition 
ofits braces. 

“ Figure 5, Another kind of trus9 of the same 
length, 40 feet between wall and wall. 

“ F, Is a short beam 13 feet 4 inchesy-and 'placed 
on the back of the long beam G. The side oraces 
will be about 13 feet 4 inches long, 6 inches” by 4 
inches square, with iron straps to clasp them and the 
upper beam, which is to be bolted to the lower 
beam G. The upper beam F, will be 12 inches by 
10 inches square, which receive tjie ends of the binef- 
ing joists in the middle; and those on each side, 
will lie upon the under beam G. 12 inches, by 12 
inches square, the*upper binding joists to be 4 inches 
by 7 inches, the under ones 6 inches by 4 inches 
square, the ceiling joists 3 inches' by 2 inches. 

" Note, the iron straps mtist be so ordered that 
they come not foul with the binding joists.” 

u ^*£ urc exhibits a large truss roof which 
•pans W feet between wall and wall, the principles 
of it arc taken from a bridge in Palladio’s 3rd, book 
of architecture, chap. 7. 

The beam H, 65 feet long, may be made of 3 
lengths of timber put together, as before decribed, 
and the following scantlings will be sufficient, viz. 

In In 

II. Beam ••••». . • 12 by 8 square. 

I. I. Principal rafters. .......... 10 8 

K. Middle king post .... 10 8 

L. L. Side king post. 10 8 

M. M. The under rafters to the > ^ 

principles. ® 

N. N. Braces. . ^ ............ . 8 8 

O. O. Level rafters on which } 
boarding is nailed to receive >6 3J 


slating < 




u This roof is framed in an uncommon way, the 
tenons being made in the bead of the king po d, and 


the mortises in the head of the principal ratters, as it 
shewn more at large in Figure 14. The tenons may 
be about an inch thick, made in the middle, which 
will admit of strong butment cheeks on each side. 

u Figure 7, is framed after the common manner, 
except the crown piece.” 

“ Figure 8, shews a tru^s which spans 44 feet, 
and whose perpendicular length is equal to f part of 
the beam. 

In In 

A. the beam ••••••••••••...«• 10 by 8 square. 

B. Kingpost 10 8 

C. Principal rafters. 10 8 

D. Braces. 8 H 

Small rafters 5 31 

“ Figure 9, is a truss w hose perpendicular height 
is equal to half the length of the beam, 22 feet, and 
which is framed with purlins for the small rafters to 
go downward, in order to receive laths for laying 
tiles on. 

. In. In. 

The Beam E, 44 feet long, is . . . .K) by 8 
F and Gprincipal rafters and king > .q g 

post r. $ 

H. if. H. II. The purlins 8 6 

u The lower purlins must be framed in flush 
with the upper side of the principal rafter, and the 
upper one framed 3 inches below, for the upper 
small rafters to lie upon it, which small rafters art 
4 inches by 3 inches square, and the under one 5 
inches by 3 inches; ana this is called the common 
pitch of roofs. 

“ Figure 10, is a truss of 54 feet span, whose 
sides or principal rafters are made to the common 
pitch ; and for the conveniency of gaining room 
in the garrets, it is finished with three small roofs* 
u Figure 11, is the same kind of truss, leaving 
out the three small roofs, and making the top a flat 
qp which a ballustrade may be placed, or a breast- 
work raised as in the figure.” 

He next shews a kind of trusses peculiarly adapt- 
ed for the roofs of churches. 

“ Figure 12, is the most uncommon and best; 
this is framed in the manner described at large, in 
the third figure underneath it. 

The scantlings sufficient for this truss are : — 

• In. In. 

A. The upper beam. 12 by 8 square 

B. B. Principal rafters. • • . 10 8 

C. C. Lower beams. 10 8 

D. D. Truss braces from the lower ? jq g 

beam to the upper beam . . .$ 

E. King post. ••...••«•••••••• 10 8 

F. Braces to the king post 8 8 

G. Middle rib for the compass ) g g 

ceiling, to be in four parts . $ 

H. H. The side ribs, ditto 8 /> 

I. 1. Puncheons on the top of the > jq g 

JC, K 
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In. In. 

&. K. Truss braces to the mid- ) a c 

die rib 5 6 6 

L. L. Braces to the side ribs.'. . . 6 6 

SCANTLINGS TO THE 15tb, FIGURE. 

A. The beam. . . . . , 12 by 9 square. 

B. B. Puncheons on the top of>.g g 

C. C. Principal rafters 12 9 

D. King post . 12 9 

£. £. Braces. 6 6 

F. F. Under short beam . ••••••• 12 9 

G. G. Braces to it. 8 8 


44 Figure 14, explains the manner of framing truss 
roofs two different ways ; one side shews the king 
post A, whose scantlings are 10 inches by 8 inches 
square; this has a 4 inch mortise at B, which 
receives the 4 inch tenon , letter C, the head of the 
principal rafter, D, the beam has a like mortise at 
E, which receives the tenon F, which is the foot of 
the principal rafter G. The other side of the king 
post A, has ah inch and auarter tenon in the middle 
ofits thickness, as at H, made fit to receive the 
mortise I, in the head of the principal rafter. The 
like tenon is made at the other end of the beam D, 
as at K, and there is a mortise in the foot of the raft- 
er L, to clasp the same.” 

44 In this method of framing, which is quite un- 
common, care must be taken that it be done with 
great exactness, that the butments mav be good.” 

44 As there are various proportions for the pitch of 
roofs, we have here inserted the several degrees that 
are most useful, from the pediment pitch to that of 
the equilateral triangle, called the pinnacle and des- 
cribed by Figure 15, (in which,) 

A. is the pediment pitch. 

B. rises J the length ofits base line. 

C. rises equal to one half. 

D. is the medium between that and the pediment. 

E . is its height given by the length of the rafter, 
•qnal to i of its base line. 

F. the equilateral triangle. 

w There is no article in the whole compass of the 
architect's employment that is more important, or 
more worthy of a distinct consideration, than the 
roof; and there is this satisfaction for the mind of 
t he man of genius in that profession, that there is 
lo part in which is greater room for improvement.” 

44 In order to understand, rightly, in what manner 
to undertake such improvement, he must first com- 
prehend perfectly the idea and intent of this part of 
a building, and what is generally known concerning 
its structure.” 


44 The great caution is, that the roof be neither 
too massy nor too slight : in the one case, it will be 
too heavy, and in the other to light for the house. 
Both extremes are to be avoided, for in architecture 
every extreme is to be shunned ; but of the two, the 
over weight of roof is more to be regarded than too 


much slightness. This part is intended not only to 
cover the building, but to press upon the walls, and 
by that bearing, to unite and hold all together. 
This, it will not be massy enough to perform, if too 
little timber be employed, so that extreme is to be 
shunned; but, in practice, the great and common 
error is on the other side ; and he will do the most 
rentable service to his profession, who shall shew 
how to retrench, and execute the same roof, with a 
smaller quantity of timber; he will by this, take off 
an unnecessary load from the walls, and a large and 
useless expence to the owner.” 

44 The roof of a house properly expresses the 
frame of wood-work which is raised upon the walls, 
and the covering of slate, tile, or lead, which is laid 
over it ; and thus, the architect is to understand it, 
for he is to compute its weight entire, when he con- 
siders the proportion of its pressure, to thesupports ; 
but, in the common manner of speaking, only the 
carpentiy or timber work is understood, under this 
term.” 

44 The forms of a roof may be various. The 
three principal kinds are, the flat, the Square, and 
the pointed ; to these we are to add the pinnacle 
roof, the double ridged, and the mutilated roof. 
This last is very beautiful, and is called the man- 
sard roof, after the name of a French architect, its 
inventor. Lastly, we are to name the platform^ 
and truncated roofe, and adding to all these, the 
dome, we shall have the list of the principal kind*. 
We might add, the ogee roof, which is a piece of 
French architecture, neither commodious, nor grace- 
ful ; and some others, which fancy often prefers to 
better kinds, but of these we shall treat more large- 
ly hereafter, the intent in this place being to give 
a general idea of the roof, its nature, proper weight, 
and proportion.” 

44 When the roof is pointed, its best proportion is 
to have the profile an eauilateral triangle. In the 
square roof, the angle or the ridge is a right angle ; 
this, therefore, is a middle proportion, between the 
pointed, and the flat roof, which is iu the same pro- 
portion as a triangular pediment, The pinnacle 
roof has its name from its form, being carried up in 
resemblance of a pinnacle. The mansard consists 
of a true and a false one ; the lalse roof lying over 
the true. The platform roof, is common m the 
East, and the truncated kind approaches to the 
nature of it. This is cut off at a certaiil heighy 
instead of rising to a ridge, and this part is covered • 
sometimes with a terrace, and encompassed with a 
balustrade. Of the dome we shall speak in its 
place, and of the other species of roofs. This ac- 
count is sufficient for the general idea of the nature, 
and form, of this part of an edifice.” 

44 Whatever be the form of the roof, the architect 
must take care in the construction to preserve its 
weight equally on the separate parts, that it may 
yot hear more upon one 6ide of the building than 

another 
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another, ami in the construction of the whole edi- 
fice, he will do well to contrive, that the inner 
walls bear their share of the load, that more than is 
needful be not laid upon the outer ones.” 

u The roof surrounding every part of the build- 
ing, and pressing equally uoon every part, becomes 
what it was intended, a band of union and firmness, 
as well as a covering to the w*iole. It preserves the 
walls also, by throwing the rain off from them. 
The making the middle or inside walls assist in 
supporting the roof, is best done by making them 
sumiort the girders, and this has many ways an ex- 
cellent effect : for a roof iu this case, is not in dan- 
ger of falling from the rotting of the end of a girder, 
which is otherwise very often, either entirely de- 
structive to this part, or at least an inconvenience 
very difficult to be supplied.” 

Concerning floors he says : u We have reserved 
the mentioning of floor*, till we had considered t ho 
walls and the roof of the edifice, because they are 
introduced in this order in the building of a house; 
the practice b *ing not to lay them till the house is 
enclosed and covered in, because otherwise they 
would be injured by the weather. We are to ad 
vise the young architect to get the boards ready long 
before, because although they are not to be used for 
a considerable time, it will be of great advantage to 
let them stand to season. As soon, therefore, as the 
plan of the building is laid, and the dimensions of 
, the several rooms allotted, let the boards for the 
floor be cut and rough-planed; then being carefully 
put by, in a dry airy place, they will be in a good 
measure seasoned fay the time they are put to 
use.” 

“ The floors of all the rooms upon the same story, 
and of all the passages between them, should be |>er- 
frctly even : not r so much as a threshold should be 
suffered to rise above the level of the rest; ajid if in 
any part there be a room or closet whose floor is 
lower than the general surface, it should not be left 
»o, but raised to the level of the rest, what is want- 
ing being supplied by* a false one.” I 

u We nave hitherto spoke of timber floors, by! 
which name is properly expressed nothing more 
than the covering ot boards on which we tread; but 
in the usual acceptation it stands for the whole body 
of the work in this part ; comprehending the framed j 
work of timber which supports the boards, as well as 
the covering itself which is fixed upon it. But be- ; 
side these, which are the most general, and as itj 
were universal floors of commou houses about Lon- 
don, tljere are several other kinds used in country] 
buildings, and by some in the most elegant and 
highly finished.” 

The next author is Mr. William Pain; but his 
works having been* already enumerated, we shall 

? ass on to the u The C ar pc liter's New Gutde y by Mr. 

eter Nicholson, the last edition of which was print- 
ed in 1808. - j 


Mr. Nicholson m bis preface, observes w that 
whatever rules by previous authors have on examm- 
ition proved to be true and well explained, these 
have been selected and adopted, with such altera- 
tions as a very clos6 attention has warranted for the 
more easily comprehending them, for their greater 
accuracy or facility of application : added to these, 
are many examples which are entirely of my own in- 
vention, and such as will, I am persuaded, conduce 
very much to the accuracy of the work and to theease 
of the workman.” 

He commences his works with an introduction fo 
practical geometry, and then proceeds to the con- 
sideration of groins “ for the construction of which 
(he says) “ there will be found many methods 
entirely new ; and besides the common figures, I 
have shewn many which are difficult of construction, 
and not to be found in any other author. I have 
displayed a large assortment of niches of each kind; 
these are frequently wanted, those of the elliptic 
form only have yet been explained : in addition to 
these, there will be found schemes for globular ones, 
which occur frequently in practice.” 

The next object of his attention, is the finding of 
various lines for roofs, and on this subject he points 
out an entirely new plan of finding the down and 
side bevels of purlines, so as to make them fit exact- 
ly against the hip rafter, by the same method the 
jack rafter will be made to fit. 

Speaking of domes and polygons, he details an 
original method of finding their covering, 
within the space of the board ; w ith a method also 
of finding the form of the boards near the bottom, 
when a dome is required to be covered horizontally. 
A true rule is likewise given for finding the proper 
curve of dome lights over stair-cases, against the 
wall, and the curve of the ribs. 

This ingenious author, very properly observes in 
his preface “ by way of caution and guard to the ar- 
dent theorist, that there are on some surfaces curve 
lines, which cannot be found absolutely true to one 
another ; such as spherical or spheroidical domes, 
where their coverings cannot be found by any other 
means, than by supposing them to become polygonal ; 
in which case they may be performed upon true 
principles, as may be demonstrated. — Let us sup- 
pose a polygonal dome inscribed in a spherical one ; 
then, the greater the number of sides of the poty* 
gonal dome, the nearer it will coincide with its cir- 
cumscribing spherical one. — Again, let us suppose 
that this polygon has an infinite number of sides; 
then, its surface will exactly coincide with the sphe- 
rical dome, and therefore in any thing which we shall 
have occasion to practise, this method will be suffi- 
ciently near; Us for example, in a dome of one hun- 
dred sides, of a foot eaefi, the rule for finding such a 
covering will give the practice so very near, tha^ 
the variation from absolute truth could not be per- 
ceived.” ir A 
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tfe neit proceeds to tlie practical part of Car- strength of timber, and flie'n proceeds to joinery,- 
pentry, in which a great variety of designs are given wherein he offers several new inventions, 
for floors, trusses, girders, roofs, domes, and par- The same author’s Treatise on Carpentry, in his 
titions, on new and approved principles. Some of Mechanical Exercises, is entitled to considerable 
his remarks oft these subjects deserve attention. attention. 

u In that nice and elegant branch of the We have now taken a view of the several publi- 
Building Art called joinery, stairs, and hand-rails cations on Carpentry, which will enable tiro cnserv* 
take the lead ; atid notwithstanding the great im- ing student, we conceive, to judge of the progress 
portance of this subject, I am sorry' to find it has that has taken place in the art, from Godfrey 
been treated, by authors in general, in a very clum- Richards, our earliest writer, to Mr. Peter Nichol- 
urand slovenly manner. For stair-cases, in gener- son, the latest. The works of the latter have strong 
ai, I have laid down right methods, on principles claims, and may be confidently recommended to the 
entirely new, and which, since the publication of the notice of all, who wish to excel in this particular do, 
former edition of this work, I have the satisfaction pertinent. It is greatly to be wished, that Mr. 
to say, have been put in practice, and found to Nicholson would continue to pursue his scientific 
answer well.” researches into this noble art, with that ardour for 

“ Various methods for diminishing columns are which he is so eminently distinguished. We have 
thewty together with two new ones, which I flatter no doubt, much as it has been already improved, 
myself are more easily adapted to practice. Among that it is still susceptible of improvement, and that 
other things of inferior note, is a method for finding many discoveries equally entitled to admiration, as 
the lines of a circular sash in a circular wall; also, his former ingenious inventions, would reward his 
a method, to the same purpose, for architraves in a trouble, and render him a still greater ornament to 
circular wall; neither of which have before been his profession. It is but justice, however, to the 

f iven or explained, For mitring raking mouldings, other authors to remark, that if in the* several ex- 
bare, with some pains, confirmed a true method, tracts we have selected from them, there be little' 
not merely in theory, but by models, which I have embellishment of language, and indeed some iit- 
by me, and am willing to show at convenient sea- accuracies of expression, yet there are evident 
sons, to any inquirer.” proofs in them, of sound, natural sense, and mature 

44 I must not here omit to observe, for though reflection, und to them, every discerning mind will 
last, not least, that my speculations and calculation* readily concede their due weight and consequence* 
on the strength of timber, will, I hope, be found 

particularly useful; and not merely so, but may third division, 

also tend to induce others to consider this subject, 

whose leisure and abilities may lead to more impor- Strength of Materials. 

tant discoveries ; I beg leave to add, that, to con- Strength , denotes that particular force of power, 
firm the mathematical calculations, I have tried with which any mass or body resists a breach of 
several of the questions by experiments, lie who change in its state, endeavoured to Be produced by 
» a perfect master of this branch, may err in deco- a stroke or pressure. 

ration, but never can in strength and proportion.” Stress or Strain , may be defined as the force ex- 
Speaking of its conclusion, ne says;. erted upon a body in order to break it. 

44 Itis intended to guard the young and * incanti- Thus, every part of a pillar is equally strained by 
m student against error ; for wrong maxims are the load which it sustains ; and it is evident that no 
with more difficulty obliterated from the mind, than structure can be considered fit for its purpose, unless 
originally obtained.” the strength prevailing in all its parts, be at least 

The Carpenter's and Joiner's Assistant , by the equal tb the stress laid on, or the strain excited 
nme author, is a work replete with useful intbrma- in those parts ; from hence may be perceived the 
lion. He begins with observations on soffits, and necessity of becoming acquainted with ihe nature 
then proceeds to notice groins, niches, and peiiden- of the resistance made by various bodies, since it 
tires. In adverting to these subjects, he gives some will teach us to proportion the materials in a ms- 
examples for constructing naked floors, in the best chine or structure of any kind, so as that there snail 
possible manner, which he illustrates by explana- be neither a surplus nor a deficiency, 
tions of the various parts; to which are added, It has been justly observed by an excellent writer, 
examples for framing of partitions, and some new “ that in a nation so eminent as this for invention 
plans .of roofing, &c. This, part of the work con- and ingenuity in all species of manufactures, and in 
tains some designs of celebrated roofs, constructed particular, so distinguished for its improvements in 
agreeably to the several dimensions of the various machinery of every kind, it is somewhat singular 
landings, and concludes with remarks on mortises, that no writer has treated it in the detail, which its 
tenons, king posts. importance and difficulty demands. The man of 

He next considers that veiy useful subject, ihe science who visits our great manufactories, is delight - 

Uu *d 
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e& with the ingenuity tohich he observes in every 
part, the innumerable inventions which cfcme from 
individual Artisans, and the determined purpose of 
improvement and refinement which he sees in every 
workshop. Every cotton mill appears an academy of 
mechanical science ; and mechauical invention . is 
spreading from these fountains over the whole 
kingdom. But the philosopher is mortified to see 
this ardent spirit so cramped by igrorance of prin- 
ciple; and many of these original and brilliant 
thoughts, obscured aud clogged with needless and 
even hurtful additions, and a complication of machi- 
nery which checks improvement by its appearance of 
ingenuity. There is nothing in which this want of 
scientific education, this ignorance of principle, is so 
frequently observed, as in the injudicious proportion 
of the p^rts of machines and other mechanical struc- 
tures; proportions and forms of parts in which the 
strength of position are nowise regulated by the 
strains to which they are exposed, and where repeat- 
ed failures have been the onlv lessons.” 

It cannot be otherwise ” the same author con- 
tinues u We have no means of instruction, except 
two very short and abstracted treatises of the late Mr. 
Emerson, on the strength of materials. W e do not 
recollect a performance in our language from which 
our artists can get information. Treatises written 
expressly on different branches of mechanical 
arts, are totally silent on this which, is the basis 
and only principle of their performances. Who 
would imagine that Price's British Carpenter , the 
Work of the first reputation in this country, and of 
which the sole aim is to teach the carpenter to erect 
solid and durable structures ; does not contain one 
proposition, or one reason, by which one form of a 
thing can be shewn to be^ stronger or weaker than 
another? We doubt very much if one carpenter in a 
hundred can give a reason to convince his own nnnd, 
that a joist is stronger when laid on its edge, than 
when laid on its broad side. We 6peak in this 
strong manner, in hopes of exciting some man of 
science to publish a system of instruction on this 
subject.” 

The strength of materials arises immediately, or 
ultimately, from the attraction of cohesion which is 
observable in almost every natural object, and is, -in 
reality, that which holds their component parts to- 
gether. 

Now as cohesion admits of various modifications 
in its different appearances of perfect softness, 
elasticity, hardness &c. and has a great influence 
on the strength of bodies, it will by no means ad- 
mit of the application of mathematical calculations, 
with that precision and certain success, which are 
desirable m a point of so much importance. 

The texture of materials is a subject of no less 
importance, and experiments in this respect, have 
been made by Couplet, De la Hire, Pitot, and Du 
Hamel: but thesame remark is applicable tQ them, as 


to the experiments on the coliesion of bodies, 
and, consequently being so limited, that infor- 
mation is net to be obtained from tliem which we 
could wish. Buffon, however, carried on some ex- 
periments on a more extensive and proportionately 
jiseful scale, and from him only are to be obtain- 
ed those measures, which may be relied oil with 
safety and success. 

Our countrymen Emerson, and Banks, have it is 
true, made several experiments on the strength of 
bodies, but their researches too have been so limit- 
ed and imperfect, as to preclude the student from 
placing any particular confidence in their results. 

It may not be irrelevant to observe here, that ex- 
periments may be considered as nothing less than a 
narration of certain detached facts, if some general 
principles are not established, by which we can gen- 
eralise their results. 

Some idea, for instance, may be entertained of that 
medium or cause, by the intervention of which, an 
external force applied to one part oP a lever, joist, 
or pillar, occasions a strain on a distant part. 
This can be nothing more or less than the cohesion 
existing between the parts which are brought into 
action, or as we more shortly express it, excited. 
In order properly to comprehend the nature of cohe- 
sion, it will be necessary to take a view of its laws, 
or rather of those general fhets which are observable 
in its operations. In doing this, however, it will be 
sufficient to notice such general lews only, as seem 
to present the most immediate information of the 
circumstances required to be attended to by me- 
chanics in general, if they would wish to unite 
strength with simplicity aud economy, in their 
several constructions. 

1st. We have presumptive evidence to prove, that 
all bodies are elastic in a certain degree, that i» 
when their form or bulk is changed by rertof# 
moderate compressions, it requires the continuance 
of the force producing the change, in order to con- 
tinue the body in its altered state, and when the 
compressing force is removed, the body recovers it§ 
original form and tension. 

2d. That whatever may l>e the situation of the 
particles composing a body, with respect to each 
other when in a state df quiescence, they-are kept 
in their respective places, by the balance of oppos- 
ing forces. 

3d. It is an established matter of fact, that eveiy 
body has some degree of compressibility, as well at 
of dilatability : and when the changes produced m 
its dimensions are so moderate, that the body com- 
pleatly recovers Us original form on the cessation of 
the changing force, the extensions or compressions* 
bear a sensible proportion to the extending, ofr com- 
pressing forces ; and, therefore, tile connecting 
forces are proportioned to the distance, at which the 
particles are diverted, or separated^ from their usual 
state of quiescence. 

4th; 
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4th. It i* universally observable, that when the 
dilatations have proceeded to a certain length, a: 
less addition of force is afterwards sufficient to in> | 
crease the dilatation in the same degree. For in-! 
•iance, when a pillar of wood is overloaded, it j 
swells out, and small crevices appear in the direc- ! 
tion of the fibres. After this, it will not bear half 
of the previous load. 

5th, That the forces connecting the particles com- 
posing tangible or solid bodies, are altered by a 
variation of distance, not only in degree, but also in 
kind. 

Having now enumerated the principal inodes, in 
which cohesion confers strength on solid bodies, we 
proceed to consider the strains to which this strength 
uiav be opposed. 

These strains are four in number, viz. — 

1st. A piece of matter may be torn asunder, as is 
the ca*e with ropes, kingposts, tie beams, stretchers, 
&r. St c. 

2J. It may lie crushed, as i9 the case with pillars, 
truss beams, &c. &c. 

3d. It may be broken across, as happens to a joist i 
nr lever of an y kind, or 

4th. It may be wrenched or twisted, as is the 
case with the axle of a wheel, the nail of a press, 
&c. See. 

With respect to the first strain, it may be observ- 
ed. that it is the simplest of sll strains, and that the 
others are but modifications of it ; it being directly 
opposed to the force of cohesion, without much 
being influenced, except in a slight degree in its 
Hdion, by any particular circumstances. When a 
prismatic, or cylindrical body of considerable length, 
such as a rope, or a rod of wood, or metal, has any 
force exerted cm one of its ends, it will naturally lie 
resisted by the other, from the effect or operation of 
cohesion. When this body is fastened at one end, 
we may conceive all its parts to be in a similar state 
of tension, since all experiments on natural bodies 
concur to prove, that the forces which connect their 
particles, in any way whatever, are equal and oppo- 
se. 

Since all parts are thus equally stretched, it fol- 
lows, that the strain in any transverse section, as 
well as in every point of that section is the same. 
If then, the body be of any homogeneous texture, 
the cohesion of tne parts is equable, and from every 
part being equally stretched, the particles are di- 
verted or separated from their usual statg of qui- 
escence-, to equal distances ; of course the connecting 
powers of conesion thus excited, and row exerted in 
opposition to the straining force, are also equal. It 
is evident, therefore, that this external force may 
be increased by degree*, so as gradually to separate 
the parts composing the body, more and more frpm 
each other, and that the connecting forces of cohe? 
rion, will bear a relative proportion to the increase 
ef distance, till finally some particles weaken : then 


the rest ore overcome by the pressure or tension, 
when a fracture ensues, and the body itself is soon 
crushed, or broken in all its parts, if the -external 
force be insufficient to produce any permanent 
change on the body, and that body recovers its form- 
er dimensions, when the operating force is with- 
drawn, it is clear that this strain may be repeated, 
whenever desired, and that the body which lias 
withstood it once, will always lie equal to the task 
of withstanding it.' This circumstance should not 
only be attended to in constructions of every kind, 
but kept constantly in view in every investigation 
of the subject. 

Bodies of a fibrous texture, exhibit very great va- 
rieties in their modes of cohesion. In some, the fibres ‘ 
have no lateral connecting force, as jn the case of a 
rope. The only way in which all the fibres compo- 
sing a piece ot matter can be made to unite their 
strength, is by twisting them together, which has the 
effect of benaing each to each, so fast, that any one 
oftliem will rather break than be separated in a per- 
fect state from the remainder. In timber, the fibred 
are held together by some glutinous cement, which 
is seldom however, as strong as the fibre, and for this 
reason timber is much easier pulled asunder when 
operated on in a direction transverse to the fibres; 
but, nevertheless, there is every possible variety ill 
this particular. 

In stretching and breaking fibrous bodies, though * 
-the visible extension is frequently very considerabley- 
it does not solely arise from the increasing the dis- 
tance of the particles composing the cohering fibres* 
but is chiefly occasioned by drawing the crooked 
fibre straight. In this respect a great diversity pre- 
vails, as well as in the powers required to withstand 
a strain. In some woods, such as fir, the fibres on 
winch the strength most depends, ore very' straight*- 
and woods of this nature, it should be remarked, are 
generally very elastic, and break abruptly when 
overstrained ; others, as oak, have their resisting 
fibres very crooked, and stretch very sensibly when* 
subjected to a strain. These kind* of woods do not 
break so suddenly, but exhibit visible signs of a - 
derangement of texture. 

The absolute attraction of cohesion, or strength, uk 4 
proportioned to the area of the section which-stands at 
right angles with the extending force. This will be 
i readily admitted in the case of fibrous bodies, if we 
suppose the fibres composing them to be equally 
throng and dense, and to oe disposed similarly through 
the whole section ; there is a necessity for admitting . 

! this, or else the diversity must be stated and the co- 
hesion must be measured accordingly. 

The following observation may be admitted as . 
general proposition in this respect; the absolute 
strength in any )un t of a body , which enables it to 
\ resist being pulled asunder? or the force which must 
be employed to tear it asunder in that patL 
bears a proportion to the area of the section ichtck 
L stands 
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stands at right angles with the extending force . 

Hence, then, we may deduce that cylindrical and 
•prismatic rods are equally strong in every part, and 
w ill break Mike in any part, and that bodies formed 
into unequal sections, will always break in tliciriost 
slender part. The length of tho prism or cylinder 
produces no effect on the strength : and the vulgar 
notion that a long rope may be broken more easily 
than a short one, is altogether absurd.— It may be 
further observed, that the absolute .strengths of bo- 
dies whose sections are similar to each other, bear a 
relative proportion to the squares of their diameters, 
or homologous sides of the section. 

4 The.weight of the body itself, may in some instan- 
ces, be employed to strain and to break it ; as is the 
Case with a rope, which may be so long as to break 
by its own weight.— When the rope hangs in a per- 
pendicular direction, although its strength is equal 
in every part, the fracture will take place towards 
the upper end, since the strain on any part is equai 
to the weight of all below it, or in other w ords, its 
-relative strength in any part, or power of withstand- 
ing the strain to which it is subjected, is inversely as 
the quantity below that part. 

When the rope is stretched horizontally, the strain 
arising from its weight, oftens bears a very sensible 
proportion to its whole strength. 

Let A E B, Figure I, represent any portion of 
such a rope, in which case, the curve A E B, will 
be the catenaria ; and if the tangents AC, B C, be 
drawn through the points of suspension, if the par- 
allelogram ABCD, be compleated, and if the 
diagonal also D C, be drawn ; D C will be to A C, 
as the weight of the rope A E B, is to the strain 
exerted at A, and the strain exerted at B, will be 
found by a-similar process. 

When a suspended body is required to be so 
strong throughout, as to carry its own weight in any 
part, the section in that part must be proportioned 
to the solid contents of all below it. 'If A a e, f Fi- 
gure 2.) be supposed to represent a seetion of a 
couoidal spindle, we must have A C 2 : ac 2 :: A E B 
sol : a E b sol. The, curve A a e, is known among 
mathematicians, by the name of the logarithmic 
curve, of which C c, is the axis. 

These are the chief general rules, which can with 
safety be deduced from our clearest, though imper- 
fect conceptions of the nature of that cohesion, which 
connects Dodies together, and in order to make a 

C radical use of these, it is necessary that we should 
e acquainted with those modes df ascertaining the 
attraction of cohesion in solid bodies, which are 
most commonly employed by practical mechanics. 

As the cohesion of bodies ofthd same Jdnd, are 
known to differ in innumerable circumstances, we 
will take for the measure of cohesion, the weight of 
pounds avoirdnpoise, which suffice to tear asunder 
a rod, or bundle, of one inch square. From this, 


it will be easy to compute the strength, ceirfsponi- 
ing to any other dimensions. 

With regard to the tenacity, or strength of wood s 

1st. The wood which surrounds immediately the 
pith. Or heart of (he tree, is supposed to be the 
weakest, and this weakness is greater, as the tree is 
older. We give this as the result of experiments 
made by Muschenbroek ; but Buffon says, his ex* 
periments proved to him, that the heart of a sound 
tree is (lie strongest; for which assertion, however, 
he assigns no authority. It is certain, from accurate 
observations which have been made' on very large 
oaks and (irs, that the heart is much weaker than 
the exterior parts. 

2d. The fibres next the bark, commonly c-ilied, 
the white or Idea, are also weaker than the rest, and 
the wood gradually increases in strength, as it re- 
cedes from the centre to the blea. 

3d. The wood is stronger in the middle of the 
trunk, than at the springing of the branches, or at 
the root : and the wood forming a branch, is weaker 
than that of the trunk. 

4th* Tho wood on the northern side of all trees 
which grow in Europe, is the weakest, while that 
on the south-eastern side is the strongest, this differ- 
ence is most remarkable in hedge row trees, wd 
such as grow' singly. The heart of a tree never lies 
in its centre, but always towards its northern side, 
at:d the annual coats of wood^are thinner on that 
side.“In conformity with this, it is a general opi- 
nion of carpenters that timber is stronger in propor- 
tion to the thickness of its annual plates. The 
trachea, or air vessels, being the same in diameter 
and number of rows, in trees of tbe same species, 
occasion the visible separation between the annual 
plates, for which reason when these are thicker, they 
contain a greater portion of the simple ligneous 
fibres. 

5th. All woods are most tenacious while green : 
but after the trees are felled, that tenacity is consi- 
derably diminished by their drying. 

Muschenbroek is the only author who has given 
us an opportunity of judging minutely in this respect. 
Tbe woods which he selected for experiment were 
all formed into slips, part of each of which was cut 
away to a parallelopiped, of 1-fifth of an inch square, 
and therefore 1-twenty-fifth of a square inch in sec- 
tion. The absolute strengths of a square inch, were 
as follows^— 

Pounds 

Locust tree •.«•••«.... 20100 

Jujeb •...*18500 

Beech and oak «, . 17300 

Orange • . .... ....... .15500 

Alder • . .13900 

El m • • . • •• • ••• ••„.] o200 

Mulberry..*.., 12500 

Willow 12500 

Ash 12000 

Plum 
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Bum 

Pound. 

Elder 


Pomegranate • f • 


Lemon 


Tamarind 


Fir. 

8330 

Walnut 


Pitch pine 


Quince 


Cypress ....... 


Poplar. . . •• , 


Cedar ........ 

....... 4880 


Muschenbroek, gives a very minute detail of his 
experiments on the ash and walnut, in which he 
states the weights- required to tear asunder slips ta- 
ken from the four rides of these trees, and on each 
?ide, in a regular progression from the centre to the 
circumference. The numbers in the foregoing ta- 
ble corresponding with these two woods may be con- 
lidered, therefore, as the average of more than fifty 
trials of each. He mentions also that all the other 
numbers were calculated with the same care. For 
these reasons some confidence may be placed in the 
results; though they carry the degrees of tenacity 
considerably higher,, than those enumerated by some 
other writers. Pitot and Parent observe, that a 
weight of sixty pounds will just tear asunder a 
square line of sound oak, but that it will bear fifty 
pounds with safety. This gives 8640 for the great- 
est strength of a square inch, w hich is much inferior 
to Muschcnbroek’s calculation. To the foregoing 
table may be added : — 


Pounds 

Ivory ...... ... . . . . . 16270 

Bone 5250' 

x Horn * • . . . r . . 8750 

' Whalebone ••*••••.••• 7500 
Tooth of sea calf 4075' 


These numbers express something more than the 
utmost attraction of cohesion, the weights are such 
as will very quickly, (that is in a minute or two,) tear 
tie rofcis asunder. hi genera! it may Be observed, 
tfat two-thirds of these weights will greatly impair 
the strength- after sr considerable time, and that one 
half is the utmostthat can remain suspended fit them, 
without incurring the risk of their demolition ; and 
on this calculation of one half of the nonrinal weight, 
the engineer should reckon in all his instructions ; 
ihongh r evert in this respect, there are great' shades 
of cHfiereuceu Woods of a very straight fibre, such 
» fir, will softer less ihjary tconr a fo.td whioh is 
not sufficient 7 to break them immediately. 

Mr. Emerson mentions the following* as the 
weights, or loads, which may be safely suspended to 
an inch sqpare^of thteseveral bodies, hereafter enu- 
mmttdl 


Pounds 

Iron 76400 

Brass .35600 

Hempen Rope 19600 

Ivor y .15700 

Oak, Box, Yew and > 

Plum tree. $ 

Elm, Ash, and Beech • . . 

Walnut, and Plum 5360 

Red fir; Holly, Elder, > cnniv 
Plane; and Crab ...’$ 5000 

Cherry, and Hazel 4760 

Alder, Asp, Birch, and ' 

Willow 

Lead 

Freestone . 


7850 

607(V 


4290 


. r i . rr ..««•» 


450 

914 


This ingenious gentleman has laid' down as a r 
practical rule, that a cylinder whose diameter is d 
inches, will carry, when loaded to onfe fourth of its 
absolute strength, as follows. — 

Iron ............... 135 V 

Good rope 22 f 

Oak 14 € ' 

Fir. • • 9; 

It is necessary to remark that the ranks which the** 
different woods hold in Mr. Emerson’s list, in point 
oftenacity, differs materially from those assigned to' 
some of them by Muschenbroek. 

Secondly we observe that bodies may be crushed. 
— It is an 'object of the first importance to ascertain' 
the weight, pressure-, or strain, which may belaid otv 
solid bodies without the danger of crushing them. 
Pbsts and pillars of. alt kinds are exposed to this 
strain in ksmost simple form* and them are some 
cases where th# strain is enormous, as, for instance, 
where it arises from the oblique position of the parts, 
.which is the case with struts, braces, and trusses, and* 
frequently occurs in our great works. 

Some general knowledge ofttho principle which 
determines the strength of bodies in opposition to' 
this 6train,* must be allowed to be ; desirable. Un- 
fortunately we are much more at a loss in this res- 
pect, than in the proceeding. 

It is the opinion of some eminent men, that the re- 
sistance which bodies are capable of making to air 
attempt to crush them, bears a proportion to the ex- 
ternal force ; for as each particle com poring the bo- 
dy is similarly and equally acted upon, the aggre- 
gate resistance 'of that body, must correspond with* 
the ‘extent of thcnection. 

This principle, however, is considered as ilk 
founded; by others no less eminent for their scientific 
and experimental knowledge. 

Bht as it must be acknowledged, that the relation 
existing between the dimensions and the strength of 
a pillar has not been established on solid mechanical 
4 X x, principle^ 


Digitized by ^.ooQie 



CARPENTRY and joinery. 


m 

principles, Md experience plainly contradicts the 
prcv v opinion, J’.uxl the strength is proportional 
to * ' i of tin; section, it would appear that the rc- 

qu r .■ i;io depends znech on the internal structure 
of t e body, and experiment seems to be the only 
method of ascertaining the general laws of cohe- 
sion. 

If a body be of a fibrous texture, with its fibres 
situated in tlie direction of the pressure, and slightly 
connected with each other by seme kind of cement* 
such a body will fail only when the cement 
connecting them gives way, mid they are detached 
from each other. Something like this may be o* served 
in wooden pillars, in which it would appear, that 
the resistance m.ust be as the number of equally re- 
sisting fibres, and as their mutual support jointly, 
or as some function . of the area of the section. Pre- 
cisely the same thing will happen, if the fibres are 
naturally crooked* provided some similarity in their 
form be supposed. W e must imagine always that 
some similarity of kind exists, or other wise it will 
be absurd to aim at any general inferences. 

In all cases, therefore, we can hardly hesitate to 
admit, that the strength exerted in opposition to 
..compression, bears a relative proportion to a certain 
function of the area of the section. 

It does not appeiythat the strength of a pillar is 
at all affected by its length, as the whole length of 
a cylinder or prism is equally pressed. If, indeed, 
these bodies may be supposed to bend undei the 
pressure, the case is materially altered, because, 
then, they are subject to the influence of a trans- 
verse, strain, which, it is well known, increases 
with the length of the pillav. This, however, 
.will be considered under the next class of strains. 

Parent has shown that tlie force required to crush 
a body, is nearly equal to that which will tear it 
asunder. He observes, also, that it require# some- 
.thing more than sixty pounds on every square line, 
to crush a piece of sound oak ; but this rule is by no 
means general. Glass, for instance, will carry a 
hundred times more on it than oak in this way* but 
will not bear suspended above four or five times as 
much. Oak will suspend a great deal more than 
fir, but fir will cariy twice as much as a pillar. 
Woods of a soft texture, although they may be com- 
posed of very tenacious fibres, are more easily crush- 
ed by the load Upon them. This softness of texture 
is chiefly owing to the crooked nature of their fibres, 
and to the existance of considerable vacuities be- 
tween each fibre, so that they are more easily bent 
in a lateral direction and crushed. When a post is 
overstrained by its load, it is observed to swell sen- 
sibly in diameter. 

In all cases where the fibres lye oblique to the 
strain, the strength is considerably diminished, 
which may be ascribed to tlie circumstance, that the 
parts in such case, slide on each other, and the con- 
necting force of the cementing matter, is for that rea- 
son easier overcome. 


Mr. Gauthey its the fourth volume of RoziePi 
Jour nal de Physique , published the r Milt of some 
experiments which he had made q«; v ivvi rectangu- 
lar parallelepipeds, . cut from a variety of 

stones. 

The following table exhibits tlie medium results 
of several trials on tw similar sorts of free- 
stone, one of which* was auiojig the hardest, and 
.the other among the softest kinds used in building, 
The first column expre ss the length A B, of tlie 
section, in French in or 12ths of andnch : tl.e 
second points o .the breadth B t > ; the third shews 
the area of the section, kl square lines; the fourth 
exhibits (he number of ounces required to crush the 
piece ; the fifth represents tlie weight then borne by 
each square line, or twelfth of an incli of the section; 
aud the sixth displays tlie round numbers, to which 
Mr. Gauthey imagines that tho$e in the fifth co- 
lumn approximate. 


HARD STONE. ’ 1 

AD TIC ABXBC Weight Force I 


I 

8 

8 

64 I 

736 

11-5 I 

121 

2 

•8 

12 

96 

2625 

27 3 

21 1 

3 

8 

16 

128 

4496 

35- 1 

S6| 




SOFT STONE. 



4 

9 

16 

144 

560 j 

3-9 ! 

4 

5 

9 ; 

18 

168 

848 

5-3 

45 

6 

18 

18 

324 

2928 

9 

9 

7 

18 

24 

432 

5296 

122 

12 


It may be proper to observe, that tlie first and 
third columns, compared with the fifth and sixth, 
ought to furnish similar results, because the first 
and fifth respectively form half of the third and 
sixth, but the third, it w ill be remarked, is three 
times stronger than (he first, while the sixth is only 
twice as strong as the fifth. It 1*3 evident, however, 
that the strength increases in a much greater ratio 
than the area of the section, and that a square 
twelfth part of an inch, can carry morQ and more 
weight, in proportion to the increased dimensions of 
tlie section, of which it forms a part. In Ihe series 
of experiments on the soft stone, the individual 
strength of a square line, seems to increase nearly 
in the proportion of the section of which it is a part. 
Mr. Gauthey, deduces from the whole of bis numer- 
ous experiments, that a pillar, formed of hard stone 
from Givry, whose section is a square foot, will 
bear w ith pe#fect safety G640G0 pounds, that its ex- 
treme strength" is 871000, and that the most inferior 
instance of strength is 460000. The soft lied o( 
Givry stone, had for its smallest strength, 187000, 
for its greatest SI 1000, *and for its safe Toad 249000. 

This gentleman’s measure of the suspending 
strength of stone, is very small in proportion to its 
power of supporting a load laid above it. 

He found that a prism, of the hard bed of 
stone, the section of which was one foot, was liable 
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to be tom asunder, when subjected to a weurht of 
4(500 pound, and when firmly fixed horizontally in 
a wail, that it was broken by a weight of 56000. 
pounds, suspended a foot from the wall. If 
prism rests on two props, se narated a foot firm e ich 
other, it will be broken by 206000 lbs. wheq that 
weight operates, or is laid on its middio. These 
experiments differ so very widely from each other, 
is their several result*, that they cannot be deemed 
ofmuch advantage to ws. 

A judicious series of experiments on this most 
interesting subject, would be exceedingly valuable, 
ti/kI its usefulness cannot bo too highly estimated. 
h tlie construction of wooden bridges, renters, See. 
this species of strain^ is very frequently found, and, 
therefore it is particularly entitled to the attention 
of the engineer. But how few engineers can find 
sufficient leisure in the hurried operations of their 
business, for proeeeutingexperiments with that cool- 
ness and patient investigation, which the subject 
demands ? It is singular, that in an empire like 
this, and in a matter of such unquestionable impor- 
tance, that some person of sufficient judgement and 
abilities, has not been appointed to institute the I 
necessary enquiries, on an extensive and liberal J 
Male, into the various strains to which materials 
in general are subject. 

The only way in jwliich we can effect any good, 
during the absence of these essential experiments, 
is by pacing a careful attention to the manner in 
which fractures are produced. By attending to 
this, there may be some prospect of introducing a 
degree of accuracy, by mathematical measurement, 
which is an object M devoutly to be wished for," in 
natters of this kind. 

BODIES MAY BE BROKE* ACROSS. 

The strain which most commonly acts on mate- 
rials of any nature, is that which tends to break 
them in a transverse direction. This species of 
strain, however, is but seldom effected, or rather 
tried m that simple manner which the subject ap- 
parently admits of ; for when a beam projects ho- 
rizontally from a wall, and a weight is suspended 
fan its extremity, the beam is most commonly 
Men bear the wall, in which case the intermedi- 
ate part has performed the operation of a lever. 
It sometimes, though rarely happens, that the pin hi 
tbe joint of a pair of pincers or scissars, is cut 
through by the strain ; and this is almost the only 
instance of a simple transverse fracture. In conse- 
quence of its being so rare, we shall content our- 
selves with remarking, that in this case, the strength 
of the piece bears a proportion to the area of the 
action. Experiments have been made in the fol- 
lowing manner, for discovering the resistances made 
hy bodies to this species of strain. Two ir n bars 
yete disposed horizontally, at the distance of an 
inch from each other; a third bar was then hung 
perpendicularly between them, being supported by 


a nin made of the substance intended lo be exa- 
mined. 

This pin was made in t he shape of a prism, so as to 
acommodate itself to the holes in the three bars, which 
were made very exact, and of similar size and shape. 
A scale wa 9 next suspended at the lower end of the 
perpendicular bar, and loaded till it tore out that 
part of the pin which occupied the middle hole, 
which load was, evidently, the measure of the lateral 
cohesions of two sections. The side bars were 
made so as to grasp the middle bar pretty strongly 
j between them, ana that no distance might intervene 
| between tin? conflicting pressures. This would have 
J combined the energy of, u lever, with the purely 
[transverse pressure; for which reason it was necess- 
ary that the internal parts of the lioles should not 
be smaller than the edges. Great irregularities 
occurred in the first experiments, in consequence of 
the pins being somewhat tighter within, than at the 
edges ; but when this Imd been corrected, the trials 
became extremely regular. Three nets of holes 
were employed on this occasion: viz. a circle, a 
square, and* an equilateral triangle, though the 
square was occasionally converted into a rectangle, 
the length of which was equal to twice its breadth. 
In all the experiments the strength was found to 
bear an exact proportion to the area of the section, 
to act perfectly inoependent of its figure or pdsition, 
and to rise considerably above the direct cohesion ; 
that is, it required tne operation of considerably 
more than twice the force to tear out this middle 
piece, than to rend the pin asunder by a direct pull, 
A piece of fine free stone required 205 pounds to 
rend it directly asunder, while 575 were required to 
break it in tfois way. The difference wa9 veiyr con- 
stant in any one substance, but it varied from four 
thirds tosix-thirds in bodies of different kinds, and 
was smallest in those of a fibrous texture. 

But the more common case, where the energy of a 
lever intervenes, demands a strict consideration. 

Let A BCD, Fig. 3, be supposed to represent the 
vertical section of n prismatic solid, projecting ho- 
rizontally from a wall in which it is firmly fixed; 
and let a weight P, be hung on it at B, or let any 
power P, act at B, in a direction perpendicular to 
A B.— Let this body also be considered to possess 
insuperable strength in eveiy part, except in the 
vertical section D A, perpendicular to its length, in 
which section only it roust break. — Let the cohesion 
be uniform throughout the whole of this section ; 
that is, let each of the adjoining particles of the two 
parts cohere with an equal force jf. There 
are two ways in which it may then break. The 
part A B C D, may simply slide down along the 
surface of the fracture, provided the power acting 
at B, be equal to the accumulated force which is ex- 
erted by every particle, composing the section, in the 
direction A D. But let this be supposed as effect- 
ually prevented fyy something supporting the point 
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A. The ad ion at P, tends tp make the body turn 
round A(or round a horizontal line passing through 
A at right angles with A B) in the same manner as 
found a joint. Tin’s, it cannot do without separa- 
ting at the line D A, in which case the adjoining 
particles at D, orat E, will be separated horizontally. 
But their attraction of cohesion resists this separa- 
tion. In order, therefore, that the fracture may 
happen at the place intended, the energy of the 
power P, acting by means of the lever A B, must be 
superior to the accumulated energies of the compo- 
nent particles. The energy ofeach depends not only 
on its cohesive, or connecting force, but also on its 
peculiar situation; for the supposed insuperable 
firmness of the rest of the body, renders it a- lever 
turning round the fulcrum A,, and the individual 
cohesive power of each particle, such ns D or E, 
acts by means of the arm, DA or K A. The precise 
energy of each particle will coDsequentlv be ascer- 
tained by multiplying the force individually exerted 
by it at the moment of fracture; by the arm of the 
lever which enables it to-act. 

Let us then suppose, that at the moment of frac- 
ture, every individual particle exerts an equal force 
f. The energy of D$ will be D A X'f, that of E 
will be E A x-f, and that of the whole will be the 
sum of all these products. Let the depth DA, of 
the section, be called d; and let any undetermined 
part, of it, as A E, be called x, then the spaoe oc- 

• 

cupied'by afly particle will be x. The cohesion of 

| 

this space may be represented by f x, and that of 
the whole by f d. The energy by which each ele- 

• j 

ment x, of the line D A, or A t resists the fracture, 

• | 
will be f x x, and the whole accumulated energies 

will be £ X J* xx. This is well known to be 

f* X i d 2 , or f d X { d. It is the same thing; there- 
fore, as if the cohesion f d, of the whole section, had 
been concentred together at the point G, which is! 
in the middle of DA. A similar conclusion may be 


each fibre being = f, the cohesion of the whole line* 
is f X d or f d. ' 

The accumulated energy, therefore, of the cohe- 
sion in the instant of fracture, is f d X | d. Now 
this must be equal, or just inferior to the energy of 
the power employed to break it. Let the length 
A B, be called l; then P xl,. is- the corresponding 
energy of the- power. Thia gives us fd X{d= 
pi, for tlie equation of the equilibrium correspond- 
ing to the vertical section A B C D. 

Let us suppose, however, that the fracture is not 
permitted at D A, hut at another section m n, more 
remote from B. From the body beings prismatic, 
all the vertical sections are equal; and, therefore, 
f d \ d. is the same as before : but the energy of the 
power is nevertheless increased, it being in this in- 
stance, =P X B n, instead of P X B A. Ilence r 
we may see, that when the • prismatic body is not 
j insuperably strong inall its parts, but only moderate- 
It*, though equally strong throughout, it muet break, 
close at the wall, where the strain or energy of the 
power exerts itself with the greatest efleet. We mar 
see likewise, that a power which is just able to break 
it at the wall,, is unable to break it any where 
else ; and that the ' absolute cohesion f d, which* 
withstands the power p in the section D A, will not 
! withstand it in the section m n, though it resist* 
j more iiUhe section o p<. 

I This example affords a criterion, for distinguish- 
‘ ing between absolute and relative strength. The 
relative strength of a section has a reference to the 
strain actually exerted on-that section; and this re- 
lative strength is properly measured by the power 
which is just able to balance, or overcome it, when 
applied at its proper place. Now since we had. 

fd \ d = pf, we deduce p = ®° r measure 

the strength of the section D A, as it relates to the* 

C ower applied at B. If the solid be a rectangular 
earn, whose breadth is b, it' is evident that ail to 
vertical sections will be equal, and that AG or id, i* 
precisely the same in all. Therefore the equation* 
expressing the equilibrium existing between the mo- 
! inditum of the external force, ana the* accumulated* 


deduced from other principles. Suppose the beam, I momenta of cohesion, will bep*l=£dbx 
instead of projecting horizontally from a wall, to be-ji T-heproduct d b, evidently expresses thearea of the 
suspended from a ceiling, in which it is firmly fixed.]* section of fracture, which we may call s ; the equi- 
Let us next consider what effect the equal or accu -; 1 librium may. be expressed thus: pl=fsid, and 
raulated cohesion of every part, has inpreventingthe 2l:dc:fs:p. 

lower part fi\>»n separating from the upperyby open- J: Now ft;, properly expresses* the absolute cone* 
ing round , the joint A. The equal cohesion operates- «ion of the section of fracture, and p, is a proper* 
just m the same manner as equal gravity would do, jj measure of its strength, as* it relates to a power 
but in a direction diametrically opposite. We know j applied at IL We may, therefore, say, that twtcc 
that the effect of this wilkbe the same as if the whole j the lengtftofa tec/ angular beam, is io the (kptius tfl9 
weight were to be concentrated in the- centre of gra- j absolute cohesion is* to tie reiathe strengths 
vity.G, ofthe line D A, and that this point G will be Since the aeticipofieqtrafte>ccrite9«bfr » similar to* 
in the middle of D A. Now the number of fibres j 1 that of equal gravity, it follows, that whatever may 
being ns .the. length dof the line, aad the cohesion of^be ^ % l,re °f t«e section^ the.: relative stten^ 
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will be the same, as if the absolute cohesion of all 
the fibres, were exerted at the centre of gravity of 
the section. Let g represent the distance between 
the centre of gravity of the section and the axis of 
fracture, we shall have p 1 == f g s and therefore 1: 
g:: f s: p. This analog m words is not unworthy 
of the readers recollection, and may be thus stated. 
The length of a prismatic beam of ati j shape is to 
the height of the *enire of gravity above the loiecr 
side, what the absolute eohesion ts 9 to the strength 
that bears relation i* this length 

Since the relative strength of a rectangular beam 

is k jl i L it follows, that the relative strengths of 

different beams, not only bear a proportion to the 
absolute cohesion of the particles, and to the breadth, 
but to the square of the depth directly, and to the 
length inversely ; in prisms also whose sections are 
similar, the strengths are as the cubes of the diame- 
ters. This investigation has been conducted on the 
hypothesis of equal cohesidb, a law not exactly con- 
formable to the operations of nature. We know, 
for instance, when a force is applied transversely at 
B, that the beam bending downwards, becomes con- 
iex on the upper side; and that ’that side is, con- 
sequently, on the stretch. The particles at I) are 
further removed from each other, than those at E, 
for which reason they exert greater cohesive force?. 
It is impossible to ascertain xVith certainty in what 
proportion each fibre is extended : but we will sup- 
ple for example, that their remoteness from each 
other is proportioned to the distance frpm A, a sup- 
position which is by no means improbable. Now 
recollecting the general law, that the attractive for- 
ces exerteaW dilated particles, are proportioned to 
the extent oi their being dilated ; let us suppose the 
beam to be so much bent, that the particles at D are 
compelled to exert their utmost energy, and that 
this fibre is just ready to break, or even actually 
breaks; it is plain in this instance, that an absolute 
fracture must ensue, since the force originally su- 
perior to the full cojvesion of the particle at D, and 
a certain portion of" the cohesion of all the rest, 
will become more than superior to the full cohesion 
particle next within I), and a smaller portion 
°f the cohesion of the remainder. 

F, represent as before, the full force of the 
exterior fibre D, exerted by it in the moment of' 
breaking, when the force exerted at the same instant 
by the fibre E, will be shewn by this analogy, viz 
cl f X 

° X : ~cT aD ^ ^ orce rea *ty exerted by the 

fibre E, is 

5 d 

The force exerted by a fibre whose thickness is x. 


is therefore — 3 
d 


but this force resists the strain 


through its being enabled to act by means of the 

• fx ® x 

lever E A, or x, its momentum therefore, is — -j- 
and the aggregate momentum of all the fibres in the 

line A E, will be f /L'.** This, when x, is taken 
d 

equal to d, will express the momentum of the whole 

* 

fibres in the line AD, which is f~ r or fd X Jd; 

3 d 

now f d expresses the absolute cohesion of the whofe 
line A D. The accumulated momentum, is conse- 
quently the same as if the absolute cohesion of the 
whole line were exerted at the distance of one third 
of A D, from A. 

From the preceding, it follows, that the equation 
expressing the equilibrium of the strain ana cohe- 
sion, is p 1 =f d /< \ d, from whence the following 
analogy may be deduced, viz. u As thrice the. 
length is to the depth 9 so is the absolute cohesion to 
the relative strength 

This equation and proportion apply equally t© 
rectangular beams, whose oreadth may be o; since 
we shall then have p 1 = f b d X 
Wc see, also, that the relative strength is not only 
proportioned to the absolute cohesion of the par- 
ticles, and to the breadth, but to the square of the 
depth directly, and to the length inversely : for p is 
the measure of the force with which it is resisted; 


and 


In this respect, 


fbdjd f bd 2 

1 31 
therefore, the hypothesis, coincides with that of 
Galileo, except, that it assigns to eveiy beam a 
smaller proportion of the absolute cohesion in the 
section of firacture, in the^ proportion of three to 
two. Galileo supposes that this section has a mo- 
mentum equal to one half of its absolute strength, 
while in our hypothesis, it is only one third. In 
beams of. a different form, the proportion may be 
different. 

The consideration of tlie intricate problem of 
the elastic curve, which was first investigat- 
ed by the celebrated James Bernoulli, is too deep 
and profound to be discussed in a publication like 
this, and we shall therefore briefly observe, in the 
first place, that the elastic curve cannot be a circle, 
but becomes gradually more incurvated, in propor- 
tion a9 it recedes from the point where the strain- 
ing forces are applied. At this point it has no cur- 
vature, and if the bar were extended even beyond 
this point, still there would be no curvature. In 
conformity with this principle, when a beam is sup- 
ported at the ends, and loaded in the middle, the 
curvature is greatest in the middle: but at the 
props, or beyond them, if the beam extend farther, 
there is no curvature. Therefore, when a beam 
Y y projecting 
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projecting 20 feet from a wall, is bent to a certain 
curvature at the wall, by a weight suspended at the 
end, and a beam of the same size projecting 20 fret, 
is bent to the very same curvature at the wall, by a 
greater weight, at 10 feet distance, the figure and the 
meehanical state of the beam in the vicinity of the 
wall, is different in these two cases, though the cur- 
vature close to the wall is the same in both. In the 
former case every part of the beam is incurvated ; 
in the latter, all beyond the 10 feet, is without cur- 
vature. In the former case the curvature at the 
distance of five feet from the wall, is three fourths 
of the curvature at the wall ; in the latter, the cur- 
vature at the same place, is only one half of that at 
the wall. This circumstance must tend to weaken 
the long beam, throughout the whole interval of five 
feet, because the greater curvature results from the 
greater extension of the fibres. 

In the next place, we may remark, that a certain 
determinate curvature being suitable to every beam, 
it cannot be exceeded without breaking it ; since 
two adjoining particles are thereby separated, and 
an end is put to their cohesion. A fibre, tan be ex- 
tended only to a certain degree of its length. The 
ultimate extension of the outer fibres, must bear a 
certain proportion to its length, and this proportion 
is similar iu the point of depth, to the radius of ul- 
timate curvature, which is, therefore, determinate. 
Consequently, a beam of uniform breadth and depth, 
is most incurvated where the strain is greatest, and 
will necessarily break in the most incurvated part. 
But by changing its form, so as to render the 
strength of its different sections in the ratio of the 
strain, it is evident that the curvature will be the 
same throughout, or that it may be made to vary 
according to any law. 

Again, since the depth of the beam is thus pro- 
portioned to the radius of ultimate curvature, this 
curvature is inversely as the depth, and may be ex- 
pressed by i . 

We may observe also, that when a weight is sus- 
pended on the end of a prismatic beam, the curva- 
ture bears a very near proportion to the weight, 
and the length directly, and to the breadth and 
the cube of the depth inversely ; for the 

strength is known to lie—!-, and let us suppose 
that tins produces the ultimate curvature when, 

t d \ 

if the beam be loaded with a smaller weight w, and 
if the consequent curvature be represented by C, 

we shall have : w :: 1_: C ; consequent- 

ly, by incorporating the extreme and mean terms, 
and reducing* the resulting equation, we shall de- 


duce C =' biTT 1 " This may be said also of a bean 

supported at its ends, and. loaded between the props; 
by the same method, the curvature may be deter- 
mined in its different parts, whether it arises from 
the load, from its weight, or from the united opera- 
tion of both. 

When a weight operates either at one end, or in 
the middle of a beam, the point where this weight 
is applied is necessarily bent down, and the distance 
through which it descends, has been termed the 
deflection ; this may he considered as the versed 
sine of the arch into which the beam is bent, by the 
operation of the weight, and, therefore, is as the 
curvature when the length of the arch is given, (ad- 
mitting the flexure to be moderate) or as the square 
of the length of the arch, when the curvature is 
given. The deflection consequently is as the curva- 
ture, and as the square of the length of the arch 

joi-tl* |s or 

The deflection from the original shape, is as the 
bending weight and the cube of the length 
directly, and as the breadth and the cube of 
the depth inversely. 

We may further observe, that* in beams just rea- 
dy to break, the curvature is proportioned to the in- 
verse depth, and that the deflection bears a propor- 
tion to the square of the length divided by the depth; 
for the ultimate curvature at the breaking part is 
constantly the same whatever may be the length; 
and in this case the deflection is as the square of the 
length. 

From this subject may lie deduced various theo- 
rems, which afford excellent methods of enquiry, 
into the laws of corpuscular action. James Ber- 
noulli, however, called this law, (which was origin- 
ally laid down by the celebrated Dr. Ilooke,) into 
question. Mariotte corrected«it ; but yet it does not 
properly explain the mechanism of transverse strain* 3 , 
as has been fully proved by various experiments. 

Du Hamel made assiduous researches into the 
compressibility of bodies, which tended to confirm 
the observation of an eminent philosopher; “that 
the power of resisting a transverse strain is diminish- 
ed by compressibility, and so much the more di- 
minished as the stuff is more compressible.” 

Du Hamel, took 16 bars of willow, 2 feet long, 
and | an inch square, and after supporting them by 
props under the ends, he subjected them to the 
operation of weights suspended at the middle, 
hour of them were broken by weights of 40 , 41, 47 
and o2 pounds ; (he mean of which is 45lbs. 
then cut through one third of four of them, on the 
upper side, and (riled up each cut, w ith a thin piece 
of harder wood stuck in tolerably tight. These se- 
veral 
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veral pieces were then broken by weights of 48, 
54, 50 and 52 pounds; the mean of which is 511bs. 
Four others were then cut through one half, and 
broken by 47, 49, 50 and 561b9 ; the mean of which 
is 481bs. The other four were cut through two- 
thirds, and their mean strength was 421bs. 

At another time Du Hamel took six battens ot 
willow 36 inches long, and 1 j square ; alter suitable 
experiments,, he found that they were broke? by 
5 25 pounds at a medium. 

Six bars were next cut through one-third, and 
each cut was tilled with a wedge of hard wood 
stuck in with a little force, these were broken by 
551 pounds on the average. 

Six other bars were broken by 5421bs on the me- 
dium, when cut half through, and the cuts were fill- 
ed up in a similar manner. 

Six other bars were cut three- fourths through, 
and broken by the pressure of 530 pounds on a 
medium. 

A batten was cut three-fourths through, and load- 
ed until nearly broken, it was then unloaded, and a 
thicker wedge was introduced tightly into the cut, 
so as to straighten the batten, by filling up the space 
1 eft by the compression of the wood, when the oat- 
ten was broken by 577 pounds. 

From these experiments we may, perceive that 
more than tw'o-tuirds of the thickness, we may, 
perhaps, with safety say nearly three-fourths con- 
tributed nothing to the strength. From hence, we 
see also, that the compressibility, of bodies Has a 
very great influence on their power of withstand- 
ing a transverse strain. We may observe, likewise, 
that in this most favourable supposition of equal 
dilatations and compressions, the strength is reduc- 
ed to one half of the value of what it would have 
been, had the body been incompressible ; and, al- 
though this may not seem obvious, at first sight, yet 
it will, readily, appear w hen the case is considered. 
In the instant of fracture, a smaller portion of the 
section exerts its actual cohesive forces, while a part 
of it serves only as a fulcrum to the lever, by whose 
means the strain on the section is produced ; and 
we n.ay further perceive, that this diminution of 
‘•frength does not depend so much on the sensible 
compressibility, as on the proportion it bears to the 
power of being dilated by equal forces. The fore- 
going experiments on battens of willow, moreover 
shew, that its compressibility is very nearly equal to 
its dilatabilitv. 

Experiment alone can render us efficient aid, in 
investigating the degree of proportion that exists 
between the compressibility, and dilatability of bo- 
dies ; and the nature of the strain we have just 
been considering, is peculiarly adapted to guide us 
in the research. Thus, if a piece of wood, an inch 
square, requires 12000 pounds to tear it asunder by 
a direct pull, while 200 pounds will break it trans- 
versely, by acting 10 inches from the centre of frac- 


ture, we may conclude that the attractive and repul* 
sive force 8 are equal. By the ideas we entertain 
concerning the particular constitution of 6uch 
fibrous bodies as timber, we are led to conceive that 
the sensible compression, which arises from the 
bending up of the compressed fibres, are much great* 
er than the real corpuscular extensions. This cir- 
cumstance, however, will be better comprehended, 
alter we have considered what must happen during 
the fracture. An undulated fibre can be drawn 
straight only, when the corpuscular extension 
begins ; but it may be bent up by compression to 
any degree, the corpuscular compression, being but 
little affected ail the time. This fact is of an im- 
portant nature. Though the forces of corpuscular 
repulsion, may be deemed almost insuperable by any 
compression we can employ, a sensible compression, 
nevertheless may be produced, by forces not enor- 
mous, but sufficient to cripple the beam. 

The proportional strengths of different pieces, fol- 
low the same ratio; for, although the relative' 
strength of a prismatic solid have been considered 
as extremely different in the foregoing hypotheses, 

{ ret the proportional strengths-of different pieces fol- 
ow the same ratio, that is, the direct ratio of the 
breadth, the direct ratio of the square of the depth, 
and the inverse ratio of the length. We derive, al- 
so, from this important fact, the useful information,, 
that the strength of a piece depends most on those 
dimensions which lie m the direction of the strain ; 
or, to use other words, it depends more on its depth 
than on its thickness. The strength of a bar of' 
timber, two inches in depth, and one in thickness, 
is four times more than that of a bar of an inch 
square, while, at the same time, it is twice as strong 
as a bar two inches broad, and an inch deep. The 
manner in which cohesion opposes itself to a strain, 
may be farther exhibited and applied, by supposing 
a triangular beam to be fixed firmly by one end in 
a wall, with its other end unsupported, and to be 
acted on by a certain weight ; in which position it 
will bear three times more weight, when one of its 
sides is uppermost, as it would if it were undermost. 
•Thus, for example, the triangular beam, delineated 
at Figure 4, is thiee times as strong, when the side 
A B is uppermost, and the edga D C is undermost, 
as it wouia have been, if the edge D C were upper- 
most, and the side A B undermost.. 

Hence, also, we may find, that the strongest rect- 
angular beam, which can be cut out of a given cy- 
lindrical tree, is not that, which contains the great- 
est quantity of timber, but that the product of w hose 
breadth, by the square ot its depth, is a maximum, or 
the greatest possible. The following solution will 
shew , that the squares of the breadth and depth 
w ith the square of the diameter, are, respective! v, as 
the numbers 1, 2 and 3. 

In Figure 5, let A B, the diameter of the cylin- 
drical tree, be designated by D, let the depth A C, 

ot\ 
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of the beam, be shewn by d, and the breadth B C 
by x, then, when B C, is horizontal, the lateral 
strength will be truly represented by d 2 x, which, 
agreeably to the conditions of the problem, . must he 
a maximum ; b*ut we know, from the nature of the 
figure, that A C 2 — A B 2 — B C 2 , or d 2 = D 2 — 
x 2 , hence, then (D 2 — x 2 ) x =D 2 x — expresses 

the maximum : this put in fluxions, is D- x — 

3 x 2 x ==o, or D 2 x t= 3 x 2 x, whence 3 x 2 == D 2 
and therefore d 2 = I)- — x 2 = 3 x 2 — x 2 —2 x 2 , 
consequently x 2 : d 2 : D 2 :: 1 : 2 : 3 as before ob- 
served. 

From this solution, we deduce the following very 
easy mode of construction, which every practical 
carpenter may apply with the greatest facility. 
Divide the diameter A B, into three equal parts, at 
the points E F ; erect the perpendiculars E D, F C, 
and join the points C D, to the extremities of the 
diameter, when A B C D, will be a section of the 
rectangular beam required. For, in consequence 
of A E, A D, and A B, being in continued propor- 
tion, we have A E : AB :: A D 2 : A B 2 ; and simi- 
larly A F : A B :: A C 2 : A B 2 . Hence, A E : 
A F : A B :: A D 2 : A C 2 : A B 2 :: 1 : 2 : 3. 

The ratio of x to d, is very nearly that of 5 to 
7, or still more neariy, that of 12 to 17. 

The strength of A B C D, is to that of A a B b, 
as 10000 to 9186, and the weight and expence, are 
as 10000 to 10607 ; so that ABC D, is preferable 
to A a B b, in the proportion of 10607, to 9186, or 
nearly as 115 to 100. * 

A square beam from the same cylinder, would 
have its side =0^1 = | Dy^2. Its solidity would 
be to that of the strongest beam, as \ D 2 to ^ D 2 
^2, or as { to |/2, or as 5 to *4714; while its 
strength would be to that of the strongest beam as 
(Dv^i) 3 to D\/i y £D 2 , or as i%/2 to }y/3, or as 
3560 to 3849. 

We nvay further remark, in conformity with the 
observation just now made, that either of these 
beams will be enabled to exert its greatest lateral 
strength, when the diagonal part of one of its end* 
is placed in a vertical position; since, from the area 
of the section being the same in both positions, the 
strength is known to vary in the same manner as the 
distance of the centre of gravity varies from the 
base of fracture ; but when one of the sides is verti- 
cal as iii Figure 6, the distance of the centre of gra- 
vity of the end will be A I or I D, that is, equal 
to half the side ; whereas in the case where the di- 
agonal is vertical, as in Figure 7, that distance will 
be C E or E I), that is, half the diagonal. 

By the application of the same principle, we may 
discover, that a hollow tube is stronger than a 
solid rod containing the same quantity of matter. 

Let the diagram, delineated at Figure 10, repre- 


sent the section of a cylindrical tube, of which A F 
and B E are the exterior and interior diameters, and 
C the centre ; draw B D perpendicular to B C, and 
join D C ; then because B D 2 = C D 2 — CB-, 
B D is the measure of the radius of a circle, which 
contains the same quantity of matter as the ring. If 
the strength be estimated by the first hypothesis, the 
| strength of the tube will be to that of tlie solid cy- 
linder, whose radius is B D, as A C x B D 2 to 
;BDx B D 2 , or as A C to B D by division of 
ratio. 

Otherw ise, let A B E, H I K, as in Figures 9 and 
10, represent the ends of tnyo cylinders of equal 
j length* and containing equal quantities of matter, 

! the former of which, however, is supposed to form 
I the section ofa tube, composed of cylinders with a 
cofnmon axis. We know that the lateral strength* 
are conjointly, as the areas and the distances of tbe 
centres of gravity of the sections, from A or from B, 
accordingly as tfie fractures may terminate at the 
one or the other point ; but the areas of the annulus 
in Figure 9, ana of the circle in Fig . 10, are equal, 
and the centres of gravity of both are at their centres 
of magnitude, for which reason, since the radii vary 
in the same manner as the diameters, the strengths, 
in this case, also vary in a similar ratio. 

When t.he area of* a circular section is given, its 
diameter is greater if the section form an annulus, 
than when it is a circle without any cavity ; and 
since the power, with which the parts of the cylinder 
resist the operation of extraneous force, is greater 
in the same proportion, it follows, according to tbe 
theory thus stated, .that the strength may be increas- 
ed, indefinitely, without increasing- the quantity of 
matter. 

The absurdity of this conclusion becomes mani- 
fest, when we enquire, will not the tube be render- 
ed flaccid after the diameter exceeds a certain limit, 
and therefore bend under the smallest additional 
weight ? The fact is simply this, the foregoing theory 
is founded on the supposition, that the figure of the 
section will constantly remain circular; but this 
supposition does not apply, except under those cir- 
cumstances, where the pressure or stroke upon the 
tube, will not cause its section to degenerate from its 
circular shape to an elliptical, or any other figure. 

By way of illustration, let a hole be bored, 
lengthwise, through a cylinder of half it« diameter, 
then the strength iu this instance, is diminished £th. 
while the quantity of matter is diminished $th. 

Galileo, from a consideration of this subject justly 
concludes, that nature, in a thousand operations, 
greatly augments the strength of si\bstances without 
increasing their weight ; as is manifested in the 
bones of animals, and the feathers of birds, an well 
as in mo.it tubes, or hollow trunks, which though light, 
greatly resist any effort made to bend or break 
them. u Thus (says he) if a wheat straw, which 
supports an ear that is heavier than the whole 
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were made of the same quantity of matter but solid, 
it would bend or break with far greater ease than it 
now does And- with the same reason art has ob- 
served, and experience confirmed, that an hollow 
cane, or tube of wood or metal, is much stronger 
and more firm, than ifj while it continued of the 
same weight and lengtn, it were solid, as it would 
then, of consequence, be not so thick ; and therefore 
art has contrived a method to make lances hollow 
within, when they are required to be both light and j 
strong.” In this instance, as in many others, imi- 
tating the wisdom of nature. 

In all such instances, however, there is an obvious 
distinction between the works of nature and those of 
art ; M in the former” (as M. Girard remarks, when 
treating of the same subject,) “ the cause and effect 
essentially agree ; the one cannot undergo any mo-' 
dification, without the others experiencing a corres- 
pondent change ; or, to speak more precisely, a new 
effect always results from a new cause. — In the pro- 
ductions of human industry, on the contrary, there 
is no necessary proportion between the effect and 
cause; if, for example, a determinate weight is to 
be raised, it is indifferent whether we use the thread 
which has precisely the adequate force, or the cable 
which has a superabundant one ; while, if the same 
weight had rested naturally suspended, it would 
have done so by means of fibres peculiarly appropri- 
ated, in their organisation, to the object, and whose 
disposition would have presented the most advan- 
tageous form. Perfection resides in a single point, 
at which nature arrives without effort ; while man 
is obliged, by repeated trials, to pas9 over an im- 
mense space which separates him from it.” 

Our best engineers have wisely begun to imitate 
nature, by making many parts of their machinery 
hollow', such as t’ e axles of cast iro/i &c. 

In the supposition of homogeneous texture, the 
fracture happens as soon a9 the particles on the up- 
per sides D A , Figure 11, are separated beyond 
their utmost limit of cohesion; this is a determined 
quantity, and the piece bends until a similar degree 
of extension is produced in the outermost fibre. U 
follows, as a very nectary consequence, that Ihe 
smaller w e suppose the distance to be, between the 
upper part of the beam and the centre of frac- 
ture C, the greater will be the curvature acquired 
by the beam before it breaks. We may perceive,, 
therefore, that an increase of depth not only renders 
a beam stronger, but stiffer ; however, if the parallel 
fibres are supposed to slide on each other, the degree 
of strength and stiffness will be diminished. In- 
stead of v>ne beam, let us, by way of illustration, 
suppose ABC D,4itul C* D E F, to represent two 
equal beams, which do not co-here, but whose ag- 
gregate magnitude shall be equal to the former beam. 
In this instance it is plain that each of them will 
bend, and t bat the extension of the fibres C D of the 
under beam will not, by any means, prevent the 


in 

compression ofthe adjoining fibres © D of the *tpper 
beam. The two beams tiierefote, instead of beingiour 
times as strong as a single beam, will only km of* 
twice the strength ; and they will moreover bend as 
much as a single beam would *be affected, by half 
the load. This, undoubtedly, could be prevented, 
if it were possible to unite; the two beams firmly in 
the joint C D, so as to prevent one from sliding on 
the other. In smaller works, however, it may be 
effected by gluing them together with a cement, 
proportioned^ in point of strength, to the natural 
lateral cohesion or the fibres. 

But as this desideratum cannot be obtained in 
large works, the sliding may be prevented by jog* 
gling the beams together ; various methods for 
which have been already exhibited in our third plate 
of Carpentiy. 

It is, nevertheless, possible to combine strength - 
with pliability, by forming a beam of several thin 
planks laid on each other, till they form the requir- 
ed depth, and afterwards leaving them at full liber- 
ty to slide on each other. Coach springs are formed 
after this mode, atf is shewn in Figure 12. Neither 
joggles nor bolts of any kind should be introduced 
among the planks ; but they must be kept together 
solely by straps contrived so as to surround them, 
or by something else of a similar nature. 

From long experience, pract ical men have been ena- 
bled to introduce into their constructions many princi- 
ples which sound theoiy does not decline to sanction. 
This, for instance, when a mortise is required to be 
cut out of a piece exposed to a cross strain, it should 
be taken from that side which becomes concave by 
the strain, as in Figure 13, but by no means as in 
Figure 14. 

Farther, when a piece is to be strengthened by the 
addition of another, the piece to be added, should be 
fixed to the side which grows convex by the strain, 
as in Figures 15 and Kfc 

We shall next consider the analogy that exists be- 
tween the strain on abeam projecting from a wall, and 
loaded at the extremity, and a beam supported at 
both ends, and loaded at some intermediate part. 

Let A C B, Figure 16, represent the beam sup- 
ported by the props A and B, and loaded at its mid- 
dle point C, with a weight W ; when it is evident 
that the-* beam will receive the same support, and 
become subject to the same strain, as if, instead of 
the supports A and B, the ropes A a E, B b F, 
which pass over the pullies a, b, were to be substi- 
tuted, and have the proper weights E, F, fastened to 
them. These weignts are equal to the support af- 
forded by the points of support, while their sum is 
equivalent to the weight W; and on whatever 
point W, may be hung, the weights E and F, are to, 
the weight W, in the proportion of D B, and D A, 
to A B. From hence, it appears, that the strain on 
the section C D, arises immeaiatety from the upward 
action of the ropes A a, and B b, or from the pres- 
| Z z sure 
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sure exerted upwards by the points of support A and 

B, and the office oT the weight W, is obliging the 
beam to oppose this strain. The beam has a ten- 
dency tor break in the section C D, because the ropes 
pull it upwards at E and G, while the weight W, 
confines it down at C. It inclines to open at D, and 

C, becomes the centre of fracture. The strain, 
therefore, is the same as if the half A D, were fixed 
in the wall, and a weight equal to the one-fourth of| 
W, were applied at G. 

From these circumstances we mar conclude, that 
a beam supported, but not fixed at both ends, and 
loaded in the middle, will bear four times as much 
weight as it would be capable of supporting at one 
extremity, when the other is fast in a wall. 

The strain occasioned at any point I, by a weight 
W, suspended at any other point D, is W x B I 

X £4 For it is known, that ABj AD ;; Wj the 

E >ressure occasioned at B. This would be balanced 
y some weight F, acting over the pulley b, which 
tends toJbreak the beam at I, by acting on the lever 

I B. The pressure at B, is W x r-Tii and there- 

A li 

fore the strain at I, is W X^-gX 1 B. 

In a similar manner, when the strain occasioned 
at the point D, by the weight W, is W x4— TJ X 

A li 

D B, which is equal to 4 W, when D forms the 
middle point. 

Hence then, we deduce, that the general strain on 
a beam arising from a particular weight, bears a 
proportion to the rectangle of the parts composing 
the Deam, and is greatest when the load is laid on the 
middle of the beam, which latter circumstance, is 
confirmed by daily experience. 

Farther the strain at I, by a load at D, is equal 
to the strain at D, by the same load at I, and the 
strain at I, from a load at D, is to the strain by the 
same load at I, as D A, is to I A. If we now sup- 
pose the beam to be {irmly framed at the two ends 
L M, into the upright posts L N, M O, placed be- 
yond the former points of support A B, then it will 
carry twice as gnuch as when its ends were free ; for 
admitting the beam to be sawn through at C D, the 
weight W, suspended there, will be-but just suffici- 
ent to break it at A and B, while, .J>y restoring the 
connection of the fibres composing the section C D, 
it will require another weight W, to break it there 
at the same time. 

It should be observed, therefore*, that when any 
piece of timber is firmly connected at three fixed 
points B, A, L, it will bear a greater load between 
any two of them, than if it had no connection with 
'the remote point ; and if it be firmly fastened at the 
four points L, A, B, M, it will be twice as strong 


in the middle part, as it would be when deprived’ of 
the two remote connections. 

It may be thought, perhaps, from the preceding 
observation, that the joist of a floor, or a girder, 
will derive an increase of strength, from being firm- 
ly built in the wall. However plausible this idea 
may appear, the fact is, that it derives hut little ad- 
ditional strength, for the hold thus afforded to it, is 
too circumscribed in its effect, to render much essen- 
tial service, and farther, it tends greatly to shatter 
and crack the wall, when the beam is pressed by anv 
considerable load, since it forces up the waif with 
all* the energy of a long lever. For this reason, 
those builders who are most eminent for their prac- 
tical knowledge, never allow the ends of their joists 
or girders, to be bound tight in walls; but when the 
joists of adjoining rooms lie in the same direction, 
they justly consider it a great advantage gained, to 
have them in one piece, because, in that form, they 
are twice as strong as when composed of two 
lengths. " 

Having taken a view of the circumstances which 
affect the strength of any section of a solid body, 
when strained transversely, it may next be proper io 
take notice of some of the chief modifications of the 
strain itself, that occur most frequently iu our con- 
structions. 

This strain depends on the operation of external 
force, and also on the lever bn which it acts; for, 
since the strain may be produced in any section, by 
means of the cohesion of those parts which intervene 
between the section, (under consideration), and the 
point of application of the external force, the body 
must have sufficient energy in all those intervening 
parts, to excite the 6train in the remote section, and 
iti every part it must be able to resist the strain ex- 
cited in tnat part. The body, therefore, ought to be 
equally strong, and it is useless to have any one part 
stronger ; because the piece will nevertheless break 
when it is not stronger throughout, and it is useless 
to make it stronger with regard to its strain, for it 
will, nevertheless, equally fail in the part that is too 
weak. 

If the strstin arises from a weight suspended at one 
extremity, while the other end is supposed to be fix- 
ed firmly in a wall ; or if each transverse section o! 
the beam be rectangular ; there are several ways ol 
forming the beam so as to render it equally strong 
throughout. 

Let Figure 17 , represent the intended beam 
which is fixed to the vertical wall B E, and has i 
weight W, suspended at A, its extremity. It is ob 
vious that the effort made by the weight W,- upoi 
any point D, of the beam, will, by the commpn pro 
{' perties of the lever, be as the rectangle W X A 1 
or as A D, since the weight W is constant and inva 
riable. The strength also at anypoint D, is as th 
breadth into the square of the depth at that place 
or as the breadth U D, the depth being co^tani 

Consequent! 
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Consequently, when the beam is equally strong 
throughout, the strength and stress are in an invaria- 
ble ratio, and we shall have CD, constantly as A C ; 
and therefore A C D must be a rectilineal triangle, 
and the form of the beam a wedge. 

Again, it we suppose the beam to be of uniform 
breadth, its length must be proportional every 
where to the square of its depth, if it be fixed hori- 
zontally by one end in a wall, an£ a weight operate 
on the extremity of the other. 

The following solution, will exhibit this most in- 
teresting particular, in a clear point of view. 

On referring to Figure 18, we observe that the 
stress is as the length A D in the same manner as in 
the preceding, and that the strength is as the breadth 
into the square of the depth, or because the breadth 
is constant by the conditions of the problem, the 
strength is as C D 2 . But the stress and strain must 
remain in a constant ratio : wherefore A D must va- 
ry as C D 2 ; this law^ it may be i bserved, acts inva- 
riably throughout the figure, and is the well known 
property of a parabola whose vertex is A. 

'Hie following circumstance, which is worthy of 
notice, may be immediatelv deduced from the pre- 
ceding solution, by way of corollaiy. Since the par- 
abola i9 * of the parallelogram which circumscribes 
it, it follows, that parabolic beams require^ less mat- 
ter than prismatic ones ; this circumstance may be be- 
neficially attended to, in cases where iron is used. — 

It is also deserving of remark. 

That the beams ot balances intended to support 
veiy great weights, may be constructed of a parabo- 
lic shape, which will have the effect of saving materi- 
als without any diminution of useful strength. 

To pursue this subject still farther, let us suppose 
that anotlier beam has one end fixed to a wall, and 
is diminished gradually towards the other end, 
where a weight, if suspended, so that all its vertical 
sections, such as circles, squares, similar polygons 
&c. may be similar ; in this case, in order to render 
(he beam equally strong throughout, the bounding 
curve must be in the form of a cubic parabola. 

If we refer to Figure 19, we find that the stress or 
effort of the weight which operates upon any point 
F, will be as A F ; and, since the sections are all 
similar, the strengths will vary as the cubes of the 
depths. Hence, in this case, AF is as D C 3 , which 
is a well known property of the cubic parabola. 

All these modes of forming beams render them 
equally strong in all their parts, and they are all 
supposed to have the same section at the front of 
the wall, or at the fulcrum. They are not, however, 
equally stiff. The beam represented in Fig . 17, 
will bend the least, upon the whole, while that in 
Figure 19, will bend the most, but the curvatures 
at the fulcrum will be precisely the same in all the 
beams. 

The same principles, and the same construction, 
apply to beams when supported at their ends, and 
loaded at some intermediate part 
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We have hitherto confined ouv remarks to the 
supposition that the external straining force acts only 
in one point of the beam. But, it is proper to ob- 
serve, that thi9 may be uniformly distributed all 
over the beam. To form a beam equally strong 
under such circumstances, the shape must be contriv- 
ed very differently from the former. 

If we suppose a beam to project from a wall, and 
to be of equal breadth thougliout, with its sides form- 
ing vertical planes parallel to each other,, and to the 
length the vertical section, in the direction of its 
length, must be a triangle instead of a common par- 
abola ; since the weight uniformly distributed over 
the part, from lying beyond any section, is as the 
length beyond that section, and siuce also this 
way it may be considered a9 collected at its centre 
of gravity, which of course is the middle of that 
length, the lever by which this load strains the sec- 
tion of course bears a proportion to the same length. 
The strain on the section is as the square of that 
length, and the section must have strength in the 
same proportion. From its strengths, being as the 
breadth, and the square of the depth, and from the 
breadths being constant, the square of the depth of 
any section must be as the square of its distance from 
the end, and the depth must be as that distance ; and, 
there fore, the longitudinal «vertical section must form 
a triangle. 

But if all the transverse sections are supposed to 
be squares, circles, or any other similar figures, the 
strength of eveiy section must be proportioned to 
the square of the lengths beyond that section, or the 
square of those sections, distance from the endj in 
which case, the 6ides of the beam must be a semicu- 
bical parabola. 

If the upper and undersurfaces are supposed to be 
horizontal planes, it is evident that the breadth must 
be proportioned to the square of the distance from 
the end; and the horizontal sections may be formed 
by arches of the common parabola, having the length 
for their tangents at the vertex. 

We shall next direct our attention to the proper 
form of a beam intended to he fixed at one ena, and 
uniformly loaded throughout its whole length, so as 
it may be rendered equally strong in all its parts. 
The vertical sides of this beam we will suppose to 
be parallel planes, in which case the beam will be of 
equal thickness throughout, and, therefore, the 
strength at any part D C, will be asTD D 2 , or as 
C c 2 , accordingly as A DB, or A c B, represent the 
bottom of the beam ( Fig . 20). Now the stress at^ 
the point D, is as the rectangle A D,xD B; for* 
which reason C D 2 or C c 2 must vaiy as A D,X D B, 
in order to ensure equal strength throughout. This, 
it is well known, is tne fundamental principle of the 
ellipse, tiie vertices of which are A and B. 

If the transverse sections be similar, we must 
make C D 3 , as A CxC B. - 

If the upper and under surfaces are parallel, the 
jbreadth must be as A CxC B. 
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If, however, the beam is necessarily loaded at some 
given point C, and we would have it equally able, 
in all its parts, to resist the strain arising from the 
weight at C, we must proportion the strength of 
every transverse section between C, and either end, 
to its distance from that end ; for which reason, if 
the sides are parallel vertical planes, we must make 
C D2 : E F* : ; A C: A E. 

If the sections are similar, then C D 3 : E ; ; 
A C : A E. 

If the upper and under surfaces are parallel, then 
4he breadth at C : breadth at E; ; AC: AE. 

The same principles lead to the conclusion, that 
all circular plates, whether large or smalt, provided 
they be of the same matter and thickness, and sup- 
ported all round on the edges, will \>ear equal 
weights. Thjs conclusion applies also to square 
plates, or any other ones of a similar figure. 

The weight, moreover, which a square plate will 
bear, is to that able to be borne by a bar of the same 
matter and thickness, as twice the length of the bar 
to its breadth. 

There is yet another modification of the strain 
which tends to break a body transversely, and which 
occurs very frequently ; this is the strain arising 
from its own weight, and it requires some considera- 
tion in many instances. 

When, a beam projects from a wall, every section 
is strained, by the weight of all that projects beyond 
it. This weight may be considered as operating at 
its centre of gravity. Hence, the strain on any sec- 
tion is in the joint ratio of the weight of the part 
which projects beyond it, and the distance of its cen- 
tre of gravity from the section. 

The determination of this_ strain, as well as of the 
strength required to withstand it, is more difficult of 
attainment than the former, because the mode in 
which the piece may be formed to meet or adjust the 
strain, has a considerable influence on the strain it- 
self. It may be admitted, perhaps, as a general 
principle, that the strength of cohesion in every sec- 
tion, must be as the product of the weight beyond it 
multiplied by the distance of its centre of gravity. 
Tiie result ofthe application of thi9 general princi- 
ple is, that the depth must be as the square of the 
aistance from the extremity, and the curve will (lien 
form a parabola touching the horizontal axis of the 
figure. 

We may perceive, therefore, that a conoid formed 
by the rotation of this figure round its axis, will 
have sufficient strength in every section, to bear its 
own weight. 

A projecting beam becomes less able to bear its 
own weight, in proportion to the extent of its far- 
ther projection ; ana whatever ^may be the strength 
of the section, the length, nevertheless, may be such 
as to render it liable to break by its own weight. 
For instance, if w^ suppose two beams to be com- 
posed pf similar matter, with their diameters and 


lengths in equal proportion but that the shorter 
beam can only fust bear its own weight, then the 
longer beam will not be able to do the same ; since 
the strengths of th6 sections, are as the cubes of the 
diameter^ while the strains are as the fourth powers 
ofthe same. 

From these considerations, we may take it for 
granted, that in all cases where a strain is produced 
by the weight of the parts composing a machine, or 
structure of any kind, pie smaller bodies are more 
capable of withstanding it than the greater. Indeed 
a limit seems to be set by the hand df nature jto the 
size of machines, of whatever materials they may be 
constructed ; for, even when the weight of the parts 
composing a machine is not taken into the account, 
we cannot enlarge it so as to produce a similar 
proportion in all its parts. A limit is evidently set 
by nature to the size of animals and plants, when 
formed ofthe same matter. The attraction of cohe- 
sion in an herb could not support it, if it were increas- 
ed to the size of a tree, neither could an oak support 
itself, if it were forty or fifty times larger than it is, 
nor could an animal resembling in its make, a long 
legged spider be augmented to the size of a man. 

The celebrated Dr. Gregory, has some invaluable 
observations on this subject in bis “ Treatise on 
Mechanics .” 

He says “ From the preceding deductions it fol- 
lows, that greater beams and bars must be in greater 
danger of breaking, than the less similar ones ; and 
that, though a less beam may be firm and secure, 
yet a greater similar one may be made so long, as 
necessarily to break by its own weight. Ilence, 
Galileo justly concludes that what appears veiy firm, 
and succeeds well in models, may be very weak and 
unstable, or even fall to pieces by its weight, when 
it comes to be executed in large dimensions, accord- 
ing to the model. From the same principles he 
argues, that there are necessarily limits io thfe works 
of nature and art, which they cannot surpass in mag- 
nitude ; that immensely great ships, palaces, tem- 
ples, &c. cannot be erected, their yards, beams, bolt 8 , 
See. falling asunder by reason of their weight. 
Were trees of a very enormous magnitude, their 
branches would, in like manner,, fail off. Large 
animals have not strength in proportion to their size; 
and if there were any land animals much larger than 
those we know, they could hardly move, and would 
be perpetually subjected to most dangerous accidents. 
As to the animals of the sea, indeed, the case is diff- 
erent, as the gravity of the water sustains taosc 
animals in great measure, and in fact these are known 
to be sometimes vastly larger than the greatest land 
animals; it is, say9 Galileo, impossible tor nature to 
give bones for men, horses, or other animals, so. 
formed, as to subsist, and proportionally to perform 
their offices, when such animals should be enlarged 
to immense heights, unless she uses matter much 
firmer, and more resisting than she commonly does ; 

or 
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or should make bones ef a thickneg* out of alt pro- 
portion ; whence the figure and appearance of the 
animal must be monstrous. This lie supposes the 
Italian poet hinted at, when he said.” 

u Whatever height We to the giant give, 

He cannot without equal thickness live.” 

iC And this sentiment'being suggested to us by per- 
petual experience, we naturally join the idea of 
greater strength and force with the grosser propor- 
tions, and that of ability with the more delicate ones, 
The same admirable philosopher likewise remarks, 
in connection with this subject, that a greater column 
is in much more danger of being broken by a fall, 
than a similar small one ; that a man is in greater 
danger from accidents than a child; that an insect 
can sustain a weight many times greater thau itself; 
whereas a much larger animal, as a horse, could 
scarcely carry another horse of his own size. The 
ingenious student may easily extend these practical 
remarks, to any cases which may come before him.” 

The compression of materials is another object, 
that demands our most serious consideration. In 
adverting to the operation of strains of this kind, it 
i* absolutely impossible to conceive how a piece of|] 
timber, that is perfectly straight, can be bent, crip- 
pled, or broken, by the application of any force what- 
ever at the extremes. But, if a veiy small force 
be supposed to act in the middle, in a direction at 
right angles with the length, it will be sufficient to 
give it some certain small degree of curvature ; and 
if a powerful force be likewise supposed to act at the 
ends, at the same time, so as both the greater and 
the lesser force shall press on the timber in the di- 
rection of its length, these forces will conjoin toge- 
4her in producing the effect of a fracture. 

The first anther who considered the compression 
of columns with any degree of proper attention, was 
the ingenious and learned Euler ‘ This eminent 
philosopher in the Berlin Memoirs i or 1757, publish- 
ed his “ Theory on the strength of columns .” The 
general proposition endeavoured 'to be established 
by this theoiy is, that the strength of* prismatic 
columns is in the direct quadruplicate ratio of their 
diameters, and the inverse ratio of theirlengths. He 
prosecuted this subject in the Petersburgh commen- 
taries for 1778, where he confirms his former theory. 
Muschenbrock has compared Eulers theory with the 
results of his own experiments, but the comparison 
has produced nothing that is satisfactory; since the 
variation existing between the experiments and the 
theory, is so enormous, as to offer no argument for 
the correctness of the latter. Still* however, the ex- 
periments do not contradict it, though they are so 
very anomalous, as to lead to no conclusion or gen- 
eral rule whatever. 

In consequence of our intimation, that the theory 
of Euler may be deemed erroneous, it may be asked, 
what is the true proportion inthe strength of pillars 
or columns ? We have not the means of giving a 


satisfactory answer, which could proceed only from 
the result of a previous experience of tne proportion 
existing between the e xtensions, and compressions, 

J produced by the operation of equal forces ; that is, 
rom knowing accurately the absolute compressions 
produced by a given force, as well as the degree of 
that derangement of par s, which is termed crippling; 
Unfortunately very little is known on these points, 
and consequently a wide field of experimental enqui* 
ry lies belore us. It may be considered fortunate y 
however, that the force required to cripple a beam is 
prodigious, and that a very small lateral support 
only, is sufficient to prevent that bending, which plai- 
ces the beam in imminent danger of destruction. A 
judicious mechanic will always employ transverse 
bridles, (as they are termed), in order to stay the 
middle oflong beams intended to perform the office 
of pillars, truss beams, struts, &c. and exposed from 
the nature of their peculiar position, to immense 
pressures in the direction of their lengths, but such 
stays should be arranged in a judicious, as well as 
economical manner. 

As experiments on the transverse strength 
of bodies are easily made, they have been ac- 
cordingly very numerous, particularly on timber 
but amid this great variety of experiments, few 
have afforded that practical information which is 
so desirable. The generality of them have been 
made on very small scantlings, (in which the una- 
voidable natural inequalities, bear too great a pro- 
portion to the strength of the whole piece,) for winch 
reason, the results of the experiments of different 
persons have varied considerably, and even between 
those made by the same person, great irregularities 
have existed. 

Belidor, has presented us in his “ Science des 
Ingenieurs with the most complete series of expe- 
riments that ha9 come under our notice.— His re- 
sults appear in the following table; and the pieces 
on which he made his several trials, were sound, even 
grained oak. 1 

The column B comprises the breadth of the pieces 
in inches; the column D contains their depths;' the 
colutnn L includes their lengths; P demonstrates the 
weight (in pounds) which broke them, when hung 
on their middles ; and the column M points out the 
mediums. 

In order to obtain the respective strengths of 
pieces ofdifferent dimensions, with more wtainty, 
three pieces of each dimension were tried, under 
the expectation, that the medium would be better 
shewn, by repeated trials, than by a single experi- 
ment. 
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B 

I) 

L 

P 

M 

406 

Experiments 1st, 
ends loose 

1 

1 

18 

400 

413 

405 

Experiments 2d, ends 
firmly fixed 

1 

1 

18 

600 

600 

624 

"810 

795 

812 

608 

Experiments 3d, ends 
loose 

2 

1 

18 

805 

Experiments 4th ends 
loose 

I 

£ 

18 

1570 

1580 

1590 

1580 

Experiments 5th, 
ends loose 

1 

1 

36 

JS5 

105 

iso 

187 

Experiments 6th, 
ends fixed 

1 

1 

36 

285 

280 

2S5 

1 

283 

Experiments 7th, 
ends loose 

2 

o 

36 

1550 

1620 

1583 

1585 

Experiments 8th, 
ends loose 

H 


36 

1665 

1615 

1640 

1660 


By comparing the first experiment with the third, 
the strength appears proportional to the breadth, 
while the length and depth of each piece are the 
same. 

By comparing the first and fourth experiments to- 
gether, the strength appears as the square of the 
depth nearly, while the breadtli and length are all 
the same. 

By comparing the first and fifth experiments toge- 
ther, the strength appears to be nearly as the lengths, 
inversely, while the nreadth and depth of each piece 
are the same. 

By comparing the fifth and seventh experiments 
together, the strengths appear to bear a near . pro- 
portion to the breadth, multiplied by the square of 
the depth, while the length is the same in both. 

By comparing the first and seventh experiments 
together, the strengths are shewn to lie as the square 
of the depth, multiplied by the breadth, and divided 
by the length. t'.xperiments the first and second 
shew the increase of strength acquired by fasten mg 
theeuds* to be in the proportion of 2 to 3. Experi- 
ments the fifth and sixth demonstrate the 6ame 
thing. 

This, irregularity in the result of experiments 
may be ascribed to the fibrous or plated texture of 
timber ; which, as is well known, consists of annual 
additions, whose cohesion with each other is much 
weaker than that of their own fibres. Let the dia- 


gram denoted by Figure 21, represent an horizontal 
section of a tree, and the parallelograms A BCD, 
a b c d, exhibit the section of two battens cut out of 
the tree, for the purpose of making experiments. 

In these parallelograms we intend A D, a d to point 
out the measure of their depths, and DO, d c to re- 
present that of their breadths. It is evident that the. 
fibres composing the section A B C I), may be con- 
sidered as an assemblage of planks set edgeways, 
while those whicli form the section a b t d, may be 
considered as laid flatways ; but we know both from 
theory, and experience, that the former is stronger 
than the latter, and the reason of this maybe easily 
explained. A series of planks, set edgeways,- will 
form a stronger beam than planks laid on each other 
like the plates of a coach spring, liuffcn made | 
some experiments on oak, in order to ascertain the , 
ntjo of strength in those parallelograms; after , 
many trials, lie found that the strength of ABC D* ] 
was to a b c d, pearly a> 8 to 7. Button, however, , 
(.like other experimentalists) did not take care to 
have the plates of the battens disposed u> a similar , 
manner with respect to the strain; still had this 
precaution been taken, his experiments would not , 
have furnished sure grounds of computation for con- 4 
structing works in which large timbers tire required; } 
and, it should be observed, that, as large timbers oc- 
cupy a great deal if not the whole of the section ofa • 
tree, their strength is proportionally less than that 
ofa small lath or batten. | 

Here, again, we foel ourselves eni harassed and 
at a loss for the want of an extensive series of 
suitable experiments on large timbers. To unite . 
the principles of accuate theory with, the results " 
of judicious and extensive experiments, would, 
ultimately, tend to promote the arts and manu- 
factures of this country. Besides, a* an excel- 
lent writer most justly observes, u a forbidding dia- 
tance, and awkward jealousy, seem to subsist between 
the theorists, and the practical men engaged in the 
cultivation of mechanics in this country.” And, 
therefore, it is a most laudable task to endeavour 44 tfr 
shorten this distance, and to eradicate this jealousy.” 
For, while we prize the deductions of sound theory, 
and rely firmly upon their results* we should never- 
theless recollect, that, “ as all general principles im- 
ply the exercise of abstraction, it would be highly 
injudicious not to regard them hi their practical ap- 
plications as approximations, the defects of which 
must be supplied, as indeed the principles them- 
selves are deduced, from experience. ** Theoretical 
I as well as practical men would not only greatly j>ro- 
I mote their mutual interests, by blending and uniting, 
their efforts, but render an essential service to me- 
chanical science. There are few persons who do not 
enjoy sufficient occasional leisure and opportunity, 
for making somt experiments on the strengths of bo-* 
dies ; the results of their several efforts, would tend 
to elucidate, and .advance the subject.. But since 
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these experiments, w he n made on an extensive scale, 
are both laborious, and beyond the means of most in- 
dividuals who may be inclined to enquire into the 
subject, it is singular in an empire like this, which is 
certainly the most eminent in the world for its ex- 
tensive mechanical structures, that a judicious series 
of suitable experiments has not been made, on a li- 
beral and extensive scale, with a view to the know- 
ledge of those laws which regulate the strengths of 
different materials, accordingly as different strains 
may operate. 

Amid this deplorable want of information in our 
<mn country, we must have recourse to the Conti- 
nent, and solicit the aid of those philosophers, who 
have investigated the Subject with the most atten- 
tion. Buffon and Du Hamel were supplied by the 
old government of France, with ample funds and 
extensive apparatus for carrying on the necessary 
experiments. A description of these is to be found 
in the memoirs of the French academy for 1740, 
1741, 1742, and 1768; as well as in Du Hamel’s in- 
genious performances stir 1’ Exploitation drs arbres , 
ft sur la Conservation et Iv Transport de Bois. 

Our readers may not be dissatisfied with an abstract 
of M. Buttons experiment*?. 

This ingenious philosopher prosecuted, during two 
years, a variety of experiments on small battens of 
oak. He found, however, from these experiments, 
that the variation in a single layer, or in part of a 
layer, either more or less, or even a different dispo- 
sition of them, had so much influence that he was 
ui^er the necessity ofabnndoning the method, and 
proceeding to operate oh the largest beams that lie 
could possibly break. The annexed table shews a 
series of experiments on bars of sound oak, four 
indies squat e, and free firdm knots. 


1 1 

2 

3 

4 

5 

7' 

< 60 

5350 

3-5 

29 

t 56 

5275 

45 

22 

8 

i 68 

4600 

3-75 

15 

< 63 
< 77 H 

4500 

4-7 

13 

9 

4100 

4-85 

14 

l 71 

3950 

5 5 

12 

*10 

$ 84 

3625 

r 5 : 8S 

15 

} 82 

3600 

6-5 

15 

12 

<100, 
f i 98 

3050 

2925 

7 

8 



* The first column exhibits the length of the bar, 
in dear feet, between the supports. 

The second expresses the weight of the bar in 
pounds, on the second day after it was felled,, as 
m'rKed by experiments performed on two bars of 
each sort. Each of the first three pairs. consisted of 


two cuts of the same tree. The one next the root 
was always found to be the heaviest, and Buffon 
uniformly observed, that the heaviest was constantly 
the strongest, and recommends this particular as a 
sure rule for the choice of timber. He observes, 
also, that this always proved to be the case when 
the timber, by growing vigorously, had formed very 
thick annual layers ; but this circumstance takes 
place only daring the advances of the tree, to a state 
of maturity, because the strengths of the different, 
circles, approach in a gradual manner to equality, . 
during the tree’s healthy growth, when they decrease 
in these parts in a contrary manner.* 

The third column, represents the number of 
pounds required to break thotree, in the course of 
a few minutes. 

The fourth column, points out tbo number of 
inches in which a tree bends down before breaking. 

The fifth column, . shews the thne at which it 
broke. 

The experiments made on other sizes, were con* 
ducted in a similar way. All the beams were forc- 
ed square, and their sizes in inches are signified at 
the head of the columns, in the following table. In - 
the first column are expressed their lengths in feet. 



4 

5 

6 | 

7 I 

8 

A 

7 

5312 

ll525 

18950 

32200 

47649 

11525 

8 

4550 

9787 

15525 

26050 

39750 

10085 

9 

4025 

8308 

13150 

22350 

32800 

8964 

10 

3612 

7125 

11250 

19475 

27750 

8068 

12 

2987 

6075 

9100 

16175 

23450 

6723 

14 


5300 

7475 

13225 

19775 

5763 

16 


4356 

6362 

11000 

16375 

5042 

18 


3700 

.5562 

9245 

13200 

4482 

20 


.. 3225 

4050 

8375 

11487 

4034 

22 


2975 




3667 

24 


2162 




3362 

28 


1775 




2881 


M. Button, < in order to effect uniformity in his * 
experiments, bad all his trees felled in the same 
season of the year, squared the day after, and operate 
ed on the third day, when he found ahs^ that the 
strength of oak timber dimmkhedmuch in tbe course - 
of drying.— After apiece of thi* green timber bad . 
been placed in the situatiofirequired for* the experi- 
ment, and weights nearly sufficient to break it were 
applied w ith briskness* a very sensible smoke was 
perceived to issue from its two ends, with a sharp 
hissing noise, which continued during the wholu of 
the time the tree was bending and 'cracking. This 
result undeniably proved, that the whole length- of 
the tire was strained, (which may be inferred, indeed 
from its bending through its whole length,) and, 
nothing, perhaps, could . evince in a strongar 

manner* 
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manner the poweMlil effects «f cbtnptiession. 

The experiments made by our philosopher on the 
-five inch bars, he considered as lus standard of com- 
parison, and he accordingly prosecuted his enquiries 
to a greater extent, on pieces of this dimension. 

The deductions derivable from the theory which 
has been adopted, would make os think that the re- 1 
lative strength of bars of the same-section, is in versc- 
ly as their lengths; but Button's experiments {ex- 
cepting those in the first column), deviated very con- 
siderably from this rule. For instance, by referring 
to the last table, we perceive that the strength of the ! 
. bur 28 feet long and 5 inches square, is 1775 ; and ! 
that the strength of a bar 5 inche$«quare; and 14 feet, 
long, is by the same table 5300 ; but we know that 
the strength of the 14 feet bar ought to be double! 
that of 28 feet, in which case the strength 't>f the | 
latter bar in this, would be 2650, whereas it is only | 
1775. Again, the bar of. 7 feet ought to possess 
double, the strength of that of 14 feet, but this is not 
the case, for the strength of the latter is 5300, where- 
as half the strength of the former .is 5762*5. In like 
manner, the strength of the 8 -feet bar ought to be 
treble that of the 1 24 feet, whereas the strength of 
the latter is 21 62, while one-third of the strength of 
the former, is 3262 S. So also the strength of the 7 
feet bar ought to be four times that of the 28 feet 
bar, but the strength of the latter we perceive is on- 
ly 1775,'while one fourth of the strength of the 
former is 2881. The column A spfccifips the strength 
which* by the theory, each of the five inch bars ought 
to have exhibited. 

The foregoing defect seems to prevail in all the 
experiments from the first to the last ; it may be ob- 
served also in the experiments of Belidor, as well as 
jn all those we have noticed, from whence we may 
conclude that it is a la w of nature, depending on the 
true principles of cohesion, find the invariable 
operations of mechanics. 

But still the difficulty is inexplicable ; for the only 
effect produced by the length of a beam, isan increase 
of the strain at the section of fracture, arising from the 
operation of the intervening beam as a lever ; though 
we cannot ste clearly how the mode of action of the 
fibrestn this section is effected, so as to change either 
-their cohesion or the situation erf its centre of effort^ 
and yet something of the kind must happen. 

Tnere are certain circumstances, however, which 
must contribute to render a smaller weight suffi- 
cient, (as in the experiments of Buffon,) to break a 
long beam, than in the exact inverse proportion o£ 
its length ; for the weightof the beam itselr increases 
the strain as much, as if half of it were, added to the 
strain, and operated on it as a farther weight. The 
weight of every beam on which Buflbn performed 
•his. experiments, was very nearly 74 pounds per 
each cubic foot; but these, beams were by tar too 
small, to account, in a satisfactory way, for the devia- 
tion from the theory. Even the Jialf weights of the 


flinch hpsnt^^hoserdspertiy^ lengths were £8, 1|, 
and 7 feet, were only 182, 92 and 45 pounds, which 
rendered the actual strains in the experiments 
1 1560, 5390, and 1956; but these, it is evident, de- 
viate considerably from the before mentioned propor- 
tions of the beams, 4, Sand 1. 

[ Button observes, that healthy trees are universally 
strongest at the root end.; of course when a long 
| beam is made use of, its middle point, where the 
fracture, takes place in the experiment, is situated in 
a weak (perhaps the weakest) part of the tree. The 
trials nevertheless of the 4 inch beams, proved that 
the difference arising from this cause is almost in- 
[sensible. 

Again, it is probable, that the relative strength of 
beams decreases faster than the inverse ratio of their 
| lengths; we have, already ohserved, that when a 
| weight operates on the middle of a beam so as to 
break it, its whole length is affected, and therefore 
a certain definite curvature of a beam, of a given 
form, is alwaysaccompanied by rupture. Let usstip- 
pose two beams, whose lengths are respectively 10 
and 20 feet, to be bent to the same degree, at their | 
places of fixture m a wall ; and we shall find that 
the weight operating on the former is nearly double 
that which hangs on the latter. — But the form of any 
portion, of these two beams, (say for 5 feet immedi- 
ately adjoining to the wall,) differs considerably, } 
since the curvature of the first beam at this distance, 
is only one half' of its curvature at the wall, while ‘ 
the curvature of the latter in the corresponding parti ( 
is three-fourths of the same curvature at the wall 
Hence, therefore, through the whole of the interme- 
diate space of 5 feet, the curvature of the former is 
less than that of the latter, and consequently the 
latter beam must be weaker throughout. It like- 
wise occasions the fibres of the beam to slide mow 
on each other, whereby their lateral union is effect- 
ed ; and therefore those possess ed of greater degrees 
of strength will not render assistance to those that 
have less. In addition to this, the force with which 
the fibres of shorter heads are^reseed laterally on 
each other, is double, and jnijsi'Ofqpurse impede the 
mutual sliding pf the, fibres, flir fact this lateral 
compression is not only calculated to change the law 
of longitudinal cohesion, but to increase the strength 
of the very surface offracture. 

It is much to be desired, that thd engineer would 
carefully remember, that a bpaitj of quadruple 
length, instead of possessing oate fourth of' tbs 
strength, has only about one sixth; and the ingenj- 
ous theorist should enquire into the nature, as well 
as the cause of this diminution, in order that he may 
be enabled to furnish the mechanic, with a more ac- 
curate rule for computation. 

'Our -want of an intimate acquaintance with the 
law, by which the .cohesion existing between parti- 
cles is changed .by. an alteration of. distance; de- 
prives ns of the means of discovering the precise 

relation 
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illitkm irtrieb exitfti b&tvte&n the curvature and 
the momentum of cohesion, and in order to obtain 
gome rales whereby the strengths of different solids 
aty te calculated, it will be necessary to maltiplv 
experiments. The experiments of Bufftm ftirnten 
however, with considerable assistance in this 
ittfficulaf. if WW select, for instance, ant number 
m the column of the 5 inch beams, and add to it the 
sum of half the weight of the bean, with the con- 
stant Dumber 1243, a set ef numbers will be given 
very near the reciprocals of the lengths. From this 
we way readily deduce a convenient formula, very 
easy to be femOnib^rect. 

Let the length of the beam of 5 inches square be 
toignated by a, the number 1245 by m, and the 
weight known to break the beam by \v. then we 


shall have 


(w-j-m) 


r 


111 z± p. Thus, the Weight 


inquired id break the 7 foot bar, isl 1523 and let 1 
bel8,theq we ahatt have m fo rmats 

(11525+ 1246 — : 3790 its p, which 

lb 


AffK abtrtit 


the result fbrnished us 


ky that experiment* This formula may be applied 
witbsucoeas to-all the other lengths, except those of| 
10 and 24 feet. Although this formula cannot be 
admitted as universally true, yet it will be found to 
he tolerably correct it a great variety, ofj 
lesgths. 

We will next consider the relation that exists be* 
kreen the strength atid the square of ihU depth of the 
section. By comparing the numbers m any horr* 
tontal row of the table, we shall perceive on trial, 
(bat the numbers of the five me 1 * bars are uniformly 
greater than those of the Test. If the number*^ how- 
ever, ia tins column be omitted, or uniformly di< 
mtnnhed about one-sixteenth, as to their strength, 
fte diSerent sizes will be found to differ but little 
Stem the ratio of the square of the depth, as dfcter 
wined by theory ; though we should observe that a 
•mall deficiency takes place in the larger beamsi ’ 

Onr next enquiry will be directed' to the absolute 
oohe«*en and tiie rotative strength. The value* de* 
loctbfe from experiments ort absohitortiwngth, ft 
fecenfined to very smalt pieces, in consequence of | 
the very great force which is requt redid* tear' them 
anmder. the Whole .we can furnish orttbisheud 
hr the ermskiemtidn of our readers, are two passages 
attracted from Musehcn brock’s u £ssai$ de Pitu~ 
afire.** In one of liiese passages he observes that a 

j)icce of sound oark ^jOf an square* was torn 

tetoderby JldOpnuMte; and in the other, that an 
oak plank one inch in thickness, and twelve inches 
Itoad, will* suspend about 189462 pounds.- Wc 
•ay conclude from tttatt passages*, that threukeakto 


of a square iscijis 13753 ami 13763 pduifdk Bou- ( t 
guer* another experimentalist, observes that a rod 
of sound oak* one fourth of an inch square, Will b# 
torn asunder by a 1000 pounds, which^fiimisheathe- 
round number 16000, for the cohesion of a square 
inch. 

It may not be unprofitable to the reader to eotti-^ 
pare those circumstances with the experiments made 
by Buffoii on four inch beams. 

The absolute o^esion of the before mentioned 
section is 16X16000=250000; Were every fibre to 
exert its entire energy, at the moment m which the 
fracture takes place, the effect of the momentum of 
cohesion Would be tlie same as if it had entirely act- 
ed at the centre of gravity of the section, at the die-' 
tance of two inches from the axis of fracture, and 
therefore it is 25GOOOx^ =3 ^^^OOOf We shall find 
by reference to the last table* that the beam 7 feet* 
long and 4 inches square, was broken by a weight 
of 5312 pounds, suspended on its middle; but if W 
had been suspended at its extremity, projecting 40 
inches from w well, it* would have been broken by 
one half of the foregoing weight? vte. 9036 pounds. 
The momentum ef this strain is,- 49 x 2f666Hfisf* 1 1636 ; ^ 
beinr in* eqUihbrie with the actual mom^ntuw* of r 
cohesion^whicb is M155fcin«teadof 5W000; conw 
sequently the strength is diminished in the propor- 
tion of 512000, to 11 1352, or nearly us 4‘ 59:1. 

The -ignorance that prevails retotiye to the par- 
ticular situation ofclne centre of effort^ renders it 1 
altogether useless toeoneMier4hef»ll cohesion thatr 
employe its eaergies, at the- ceptre-of gravity, fln* 
produces-- the momentum 619600; we miy^ how* 
ever, convert - the whole into a simple multiplier ■ 
of the length, and say, that n times the length is t >*hv 
depth) as the absolute cohesion qf thb'seetists is to th+ 
absolute strength. 

14 , therefore, we represent t* h*che» the breadth) 


by-i, the depth by dyttio length by/, and the abso*- 
lute cohesion' of a -square inch by * ; the relative* 
strength; or die external force p, whiob balances it, 

19 in round numbers b ^y , * 

Wfe cannot attribute this diminutibn dt strength • 
to any Inequality of those cohesive forces Which may* 
be everted at the instant of fracture - r since we must 
know, from the centre of effort las rectangular 
beant) beittgataiated’af one- third of the height, that 

b gy- 8 , anA that +' 


the relative, st ren gth wouM be 

would he 8427 Instead of 9636. 

Thisgteol dimhitrtion may be ascribed to the 
U compression of the under part of the beam ; and wfe 
1 have before observed, that the forces actually exert- 
edby> the particles of a body, when stretched of com* 

"i pressed, are very nearly proportioned to the distad- 
|| ces to which the particles are drawn from' their na« 
tufak positions ; and-thongh in cases of great cota- 
R B 3 pyession* 
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presston the forces may increase a faster ratio* yet 
this increase will produce no sensible change in the 
present question* because the body is brokeu before 
the compressions hove proceeded so far; in fact, 
ve may conceive that the compressed parts are crip 

S led before the extended parts are torn asunder. 

fctscheabroek asserts this with a considerable 
degree of* confidence, and says that although oak 
will suspend half as much again as fir* yet it wili 
not support, as a pilkr, two* third* of the ioad which 
*fir will support in that form.* 

The experiments of Buffon* furnish m with 
ai useful practical ride* w ithout our being obliged to 
rely on any wakie of the absolute xohcMen of oak. 
Trom knowing that the strength is nearly as the i 
breadth* and the square of the depth ; and the in- 
♦ verse of the length, and taking for the sake of con- 
venience the length of the beam in feet* and its 
breadth aud depth in inches ; and also knowing from 
the table* that a beam four inches square* and sev^u 
feet ^between the supports* is broken by 3312 
pounds* we may conclude that a baUeu* one foot ia 
length between the supports, and one inch square* 
will be broken by 58 i pounds, f fence* the strength 
of any other oak beam* or the weight barely re- 
quired to break. H* when hung on its middle* is 

L 

581 -~y~ ' k’ d and 1, .respectively representing the 


'breadth* depth, and length. 

• Iti some of *our former inquiries, we have found 
considerable deviation from the inverse proportion 
of the length* and we must necessarily accommodate 
*mr rule to it When the wttmhcr 1245 was added 
to each of the numbers in the column of the five inch 
bars* a set -of numbers was produced* which were 
very nearly'reciprecals oftheJengths; if we make a 
similar addition to the other columns* but in propor- 
tion to the cubes'of their dimensions* we shall have 
nearly the same result Hence, totind the necessa- 
ry number, say, as 5 3 ♦ 4^. ; 1245 ? 647, the re- 
quired number* this added to 5312, gives 5959, the 
64th part whereof* we may call 93, which answers 
*to a bar 7 feet Jong, and an inch square. Mence,* 
93x7, will be the reciprocal corresponding to a bar 
Qf one foot; this is .65 1* and after taking from it the 

raesent correction* whiehis4^==10, 641 wiH re- 
ar b t 

«iain for the strength of the bac From -this result, 

ire obtain 4he general rule - - 1 — 10bd>=p, 

which we may otherwise state in words, as follows, 
in . order to fender it clearer to those who are not 
versed in iHgohra. 

Multiply the breadth of the beam , in inches y twice 
by the depth, and Ms again by 65J, and divide the 
whole by the length in feet. From the quotient , takt 
10 times the product , ( which arises by multiplying 
the breadth of the beam. An inches, twice by the depth), 


and the rtmaind-r is the number of pounds required * 
to break the beam. '' 

Fxample . — Required the weight - necessary to » 
break an oak beam 16 feet long between tie props, 
and even inches square. r 

Here, p = 65! X-^p-10 x7x7 2 =1052G, J 

whereas the experiment gives 11000. u 

Example .— Required the weight necessary to ?J 
break an oak beam* 12 feet long* between the props 
, and six inches square. ' * 

Here, p =631x^1^— - 10X6 XC ? =9358, " 

! while the experiment furnishes ns only with 91Q0. * 

Example* — It is required to determine Hie weight 
barely necessaiy to break an oak beam 20 feet long 
between the props* and five inches square* 

Here p = 651 X — 2f -T~ 10 X =3818. 

■ . . < ...* ^ , 1 ;5< | 

while the table exhibits only 3225. 

We may compare* in a like manner, any other , 
dimension; but we shall find that the rule is most 3 
deficient when applied to the five inch bars, which, 1TJ 
we haye before observed* appear stronger than thy 
rest. $ 

Tiie sure way of applying, the’ foregoing rule, ii :i 
to suppose the beam square* by increasing or di- ,| 
tninishing its breadth* till it becomes equal to its r 
depth; then find the strength,, by this rule, ami in- 

crease or diminish it agreeably to the change which £| 

has taken place in its breadth, w hen there can be no M 
doubt* that the strength of tlie beam* given is aa % 
example* will be double that of a beam of the name vl| 
depth* and half the breadth. 

It may be necessary* perhaps* to remind* the read- j 
er* that the whole of the preceding calculations and ^ 
observations* are founded on the supposition, that ,, 
the weight applied is the greatest which a beam ^ 
will bear for a very fear minutes. Buffon obserrep, , , 
that two-thirds of this'weight* will sensibly impair ^ 
tlie strength of the beam* and indeed will frequent- 
ly break it* if permitted to operate continually. f° r j 
two or three months. One half bent the beam when , 
applied only for a few minutes* but though, a^he 
observes* this weight may be borne "by it* for any ^ 
length of time* still the beam will contract a certain 
curvature, from which it will not easily get into its ; 
pristine state. One third seemed to produce no 
.permanent effect on the beam* which recovered dj j 
original shape* even after it had been kept loaded 
for several months. But this depends on the p* 00 * 
being. seasoned* fora piece just felled* will break 
under one fourth of a given weight* while a third 
of the same weight maybe laid on the well season- 
ed piece, for any length of time* without giving the 
beam a sett. • 

We are destitute of experiments on the strength 
of other kinds of timber. * M. -Button, save, tbotnr 

possesses 
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■oi— iwn aboat ftfcs v ? the strength of oitk. Parent, 
however, asserts, that it possesses Jths; while 
Emerson, says it has fds. 

Before we conclude our enquiries into this parti- 
cular strain, we would wish to impress on the minds 
of practical men in general, the necessity of avoiding 
transverse strains, as much as possible, since the in- 
jury that many structures have sustained from their 
induence 19 incalculable. 

BODIES MA Y BE WRB1TC1IED OR TWISTED* * 

The species of strain operates on all axles which 
connect with the working, or moveable parts of 
©achines. . \ 

The resistance occasioned by this speciesof strain, 
must be proportioned to the number of particles, 
when all the particles act alike. 

In proof of this, let E FCD represent a body 
posseting insuperable strength, but cohering in a 
weaker manner in the common surface A B which 
separates the body into two parts, viz. ABCD, 
ABFE: then, it' one part, as ABCD is supposed to 
he poshed laterally in the direction A li, it becomes 
evident that it can only yield there, and that the re- 
sistance produced will be proportioned to the sur^ 
face. 

The same result will take place, if we suppose a 
thin cylindrical tube tebe twisted in contrary direc- 
tions, in which case it will undoubtedly fail first 
in that section where the cohesion of the fibres it the 
least. This section forms the ciruumference of a 
circle, for which reason t\m particles composing the 
two parts contiguous to this circumference, will be 
drawn from each in a lateral direction ; and the to- 
tal or abaolute resistance, will be as the number of 
particles exhibiting an equal degree Of resistance, 
which is 111 fact, the circumference. Within the cir- 
cumference to which we have just alluded, let us 
conceive a series of tubes till the) reach the centre. 
Now if the particles composing each of these tub**, 
exerted a similar degree offeree, the resistance offer- 
ed by each ring of the section would be asitscircum- 
ference and its breadth, (which we will suppose to 
be indefinitely small) the entire resistance, would be 
ai the surface ; and this would represent tfie resist- 
ance of a solid cylinder. But the external parts of 
a cylinder when twisted by the application of an 
external force applied to its circumference, will 
fuller a greater circular extension than the internal, 
and it appears that this extension will bear a propor- 
tion to tne distance of the particles from the axis. 
This proportion would seem to be very probable, 
and ir it really exist, the forces simultaneously ex- 
erted by each particle, will be as their several dis- 
tances from the axis. Consequently, the entire force 
exerted by each ring will be as the square of its ra- 
dius, and the accumulated force actually exerted, 
will be as the cube of that radius. 

By referring" to Figure 23, we shall have the ac- 
cumulated force exerted by the whole of a qy Under, 


whose radius is A C, is to the accumulated force ex- 
erted, at the same by the part whose radius is C E 
as A C 3 to C E 3 . 

The whole cohesion exerted in this instance, is ' 
just two thirds of whgt it would be if all the parti- 
cles exerted the same attractive forces, as are ex- 
erted by the particles in the external circumference. 

This will appear evident, if we first suppose the 
rectangle A C c a to be erected in a position perpen- 
dicular to the plane of the circle, along the line AC, 
and then, that it is permitted to revolve round the, 
C c. This rectangle, by its motion, will generate a 
cylinder, whose height will be denoted by C c or 
A a, which will have the circle K A II for its base.^ 
Next if the triangle C c a be likewise permitted to 
perform a revolution around the line C c, it will, 
describe the surface of a cone. Now the cylindri- 
cal surface supposed to be generated by Aa, will re- 
present the whole cohesion* exerted by the circum-^ 
ference AHK; the. cylindrical surface generated, 
by E e, will shew the cohesion exerted by the cir- 
i cum ference E L M ; the solid generated by the trian* 
!gle C A a will display the cohesion exerted by the 
entire circle A H K ; and the cylinder geuorated by 
the rectangle A C c c will exhibit the measure of the, 
cohesion exerted by the same surface, supposing 
each particle to suffer the extension A a. 

It is evident, in the first instance, that the solid 
produced by "revolution of the triangle C E e, is to 
that generated by A a C, as E C 3 to AC 3 . In 
the next instance, the solid generated by A a C is. 
two-thirds of the cylinder, because the cone generate 
ed by C c a, forms one*(hird of it. 

It may now be mipposed, that the cylinder may be 
twisted so powerfully, that the particles, situated ii} 
the exterior cirdumferehce, must lose their cohesion, 
when little doubt can be entertained, that it will be 
wrenched asunder, in consequence of all the inner qii^ 
cles giving way in succession, if we 'admit this, then 
a body, the texture of which is homogeneous will re- 
sist a simple twist with two-thirds of the force with 
which it would resist H, if art attempt were made to 
force one part laterally from the other, or with one*, 
third part of the force which will cut it asunder by a 
square edged tooL 

When two cylinders are wrenched asunder, we 
must, of necessity, conclude, that the external parti- 
cles of each are placed just beyond their limits of 
cohesion, that they are extended equally, and oper- 
ate with equal forces; from whence it follows, that 
in therinstant of fracture the entire sum of the forces 
actually exerted, is as the squares of the diameters* 

The real strength of the section, and the relation it 
bears to its absolute lateral strength being now as- 
certained, our next business is toeoauire into its 
strength, as it relates to the external force whiciv 
may be employed to break it.. * 

The strainir.g force and the cohesion oppose 
each other, on the principle of levers ; anddbe cert* 

tie 
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tee of the section uj be the neutral point, the 
position of whieh is not disturbed. Let r represent 
the radius of the cylinder f, the force exerted later* 
ally by an exterior particle, x the indeterminate 

distance of any cimnpference, and x, the infinitely 
small interval between the concentric arches. New 
the forees being as the extensions, and they being: as, 
their distances from the axis, tire cohesion; actually 


(he 


exerted at any part of the ring, will ; 

fx$ X 

force exerted by the entire ring — — ; and the mo- 
mentum df Cohesion^ (which, in any ring, is as the 

force multiplied by its lever) will be— X - * . Con* 
sequehtly, the accumulated momentum will be 

/ f 4i 


fx< 


will be. 


-j— .and when x, becomes equal tb r, il 
nrr -^fr^. 

4 r 4 

Froih hence we learn, that the particular strength 
of an axle, by which it resists, being wrench* 
e<t asundevv by a forte acting at a given dis 
taace from, the axis, is as the cube of the diameter. 

Again, the* expression \ f r$ y may be decomposed 
into tne motors it r* X 4 r i the former of whichy f r 5 
express^, the full lateral cohesion of the section ; 
while the momentum thereof is the same as if the 
frill lateral cohesion wete accumulated at a pointy 
distant from the axisp.one fourth of the radius of the 
Cylinder. 

Let d denote the measure of the diameter of the 
nylinder in inches, f thte number of aour.ds which 
measiire the lateral cohesion of a circular inch, 1 the 
length of the* lever, by whioii the straining force re- 
presented by p, is supposed to* act, ana vm shall 

have P trom which may be deduced, 

in general, therefore,. tir particular strength 
which, enables fen axle to resist its being wrenched 
asunder fay twisting,. is as the cube of its diameter. 

Theinterfop- parts ds net act so. powerfully as foe 
exterior, for if a liele he bored ext of an axle, equal 
in sine to one half of its diameter, the strength will 
he. diminished only one eighth, while the quantity, of; 
matter will decrease one fourth; from Whence it 
fellows* that hollow axles are stronger than solid 
•ntH, containing the same quantity of matter. 

The propriety of Engines its introducing this very 
important improvement into their machines, be* 
bole, very otrriofus? sinoa the parte, so con- 


structed, have not only the tefranfege of being nmdi 
stiller, but they furnish much better means for fixing 
the flanches made use of to coanect them with the 
wheels or levers* by whieh they are turned rad 
Strained. 

We sbaU now introduce to the notice and obser- 
vation of the student* a variety of propositions and 
deductions* chiefly selected front Emerson’s excel, 
lent treatise of Mechanics. 

Proooikio*. — If a beam of timber, ( Figure 1, 
Plate IS,) be supported at C and B, lying upon fie 
wall, A C E, with one end, and if G be -the centre 
of gravity of the whole weight sustained ; and the 
line F G H,be drawn perpendicular to the horizon, 
and G F, andB II, to G B; aud B ]', drawn; i 

8SI V 

The weight of the whole body F II. 

Pressure ar the top C, IB IF* 

Thrust Or pressure at the base B > F B, 

are respectively as J vefel directibDS » 

If the beam support any weight, the beam and 
weight must he considered as One body, whose cen- 
tre of gravity, is G. Then the end C is supported 
by the plane BCE; and the other end B may b# 
supposed to be sustained by * plahe perpendicular 
to B F; therefore the weight and forces at C and B, 
are respectively as F H, B II, and B F.” 

“ Cor. I. — 'Produce F B towards Q, then B Q 
is the direction of the pressure at B ; aud the pleas- 
ures at B in foe directions B Q, F D, D B, aressF 
B, F P D B.” 

“ Cor. SL — Draw Dr perpetidieular to B C, and 
draw € D, then the weight, mreuure at Ihs top, di- 
rect pressure at bottom, ana horiSonfal procure »J 
bottom, are respectively a» G B, B D, D C,snd 
D r.” 

“ For since the angles BCF, BDF, are right; 
a circle described upou the diameter B F, WiU pa® 
through C 0 . Therefore. Z_B G Dsst'BFD 
standing on the same arch BD, and because tW.G 
B H [and /L » *t Dare right, B H Pm C B D; 
therefore, the triangles F H B, and C BD are sim- 
ilar, and the figure BHDF similar to the figure D 
BrC, Whence F FI;H Ii;BF;B Dj areatC DjB 
Dj-D C*and Dr.” 

u Gdr. 3.-— All this holds true for any force instead 
of gravity, acting in direction G D.” 

Ptroposkion .- **-If B C, /fg. 2, be any beam bearing 
any. weight, G the centra of gravity of the Whole ; 
and if it lean against the perpendicular wall C A 
and be supported in that position ; draw B A, C F. 
parallel, and FG D perpendicular to the horizon 
and draw F B, then 

~ P0 

BD 
. FB 

and in the saint 

directions” 

Foi 


Thd whole weight 
Pressure at the topC 
Thrusts or pressure at the bottom 

B. are respectively an 
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^FSbr the end C i* mrfgined by the plane A C; 
and ifthe end B be gupposed to be sustained by a 
plane perpendicular to' F B; then the weight, and 
pressure at top and bottom, are as D F, D B, F B. 
If yon suppose the end B is not sustained by a plane 
perpendicular to F B, the body writ not be support- 
ed at all.” 

4t Cor. f F Bbe produced to Q, then B Q is 
die direction of tbe pressure at B; and the perpendi- 
cular pressure at B (F t>) is eoual to the weirht ; 
and the horizontal pressure at d ( B D), is equal to 
the pressure against C.” 

^ Preposition . — If a heavy beam, or one bearing 
a~ weight be sustained at C, (Figure 3,>and move- 
able about a point C ; whilst the other end B lies 
apon the wall B E, and if H G Fbe drawn through 
the centre otgravity G, perpendicular to the hori- 
zon, and BFJCH, perpendicular to B C, and C F 
be drawn ; then 
The whole weight 
Pressure at B 4 
Fbrce acting at C 


are respectively as 


HF 
H C 
CF, 

and in these 
lections.’ 


di- 


44 For the end B is sustained by the plane 0 B, 
and the end C may be supposed to be sustained by a 
plane perpendicular to F C, or by a cord in direc- 
tum C F. Then since H C is parallel to B F,’ the 
weight, force at (^ pressure at By are respectively 
as li, F O F, H 0. 

44 Cor. But if, instead of lying upon the indioed 
plane at B, the end B be laid upon the horizontal 
plane A B, then the weight and the pressure at B 
and C, are respectively as B C, G C, and B G; 
and in this case there is no lateral pressure.” 

44 For B F will be perpendicular to B A; and par- 
allel to II F,?nd consequently C F is also parallel 
toHF, therefore the forces at C, G„B, are as B G, 
B.C, and C G ” 

Proposition.— 1C a heavy beam B C, ( Figure 4> 
whose centre of gravity is G, be supported upon 
two posts B A, C D; and be moveable about the 
points. A, B, C, and if A B, D C, produced. 
Met in any point PI, of theline G F drawrvpevnen- 
dacular^o the horizon ; and if from any point F, in 
thfe line G F, F jE* bw- drawn parallel to A B; 
/ say, 

The whole weight "Y H 

Pressure at C I H E 

Thrust or pressure at BJ > EE, 

. * » _ I and in thesedi- 

narespectivelyas, jrectiens” 

For the points A, B; C, B, being in a plane per- 
pendicular to the horizon, the body may be suppos- 
ed to be supported by two planes.at B, C, peroendi- 
fuJar to A 1>, D C ; or by two ropes B H, C H ; and 
neither case, the weight in direction H G, the 

f Hsuw at B, C, ia direetfonsrdF y B, II C, are as 
£EF,andHE. 


Tor. Hence, whether a body be sustained by two 
ropes* B H, (' H, or by two posts AB, CD. or by 
,two planes perpendicular to JB A, CD; the bow 
j then can only be at rest, when the plumb line fl Q 
F, passes through G, the centre or gravity of the 
whole weight sustained, cm* which is the same thing, 
when A B, D C, intersect in the plumb-line HGr^,, 
passing through the centre of gravity.” 

SCHOLIUM. 

44 By the construetiowof these four last proposi- * 
lions, there is formed the triangle of pressure, re- 
presenting* the several forces. In whicn. the line of ** 
gravity (or plumb line passing through tne centre of 
gravity,) always represents the absolute weight, and 
the other sides, the corresponding* pressures. 

Proposition .— If several beams AB, BC, CD, &c^ 
Figure 5, be joined together at B, C, D, &c. and 
moveable about the points A, B,C, &c. be placed 
in a vertical Diane, the points A, F, being fixed, and 
through B. ( 5 , B, drawing r i, s m, t p, perpendicu- 
lar to the norizon, and irseverul weights be laid on 
the angles B, 0, D, &c. so that the weight on any 

*"» h c - — * ' h ' ,, ,u lb * 
beams will be<kept ia^quilibrio by these weights.” 
Produce B C to r. Then 8. 4. A B C;S. £_ A 

Br. weight B; for™* in direction ^ 

b • A Bt> 

and S.BCD* 8. DC s ! ! weight J force in diree-' 

*• <-•0 C X S - DCs ... . 

tion- C B=. — 2 — winch, to preserve 

the equilibium, most be equal to the force in direc- 

“ ' “ Cx-S.BCs 

S . A B C "STii C D ; 

S .ABC.S.BCD 


tion &C,that is, ?* ^ 


wWCr B : v " Jf.-'A B'r 4 STXTC7 

by the saase waj of seasoning C ♦ ® 


And 


■ S.BCD' 


S.CDE 


i.liCi 

Therefore, ex eqtte, weight B - 

S . A BC , S.CDE 
8 . A Wix$ : JHTs 4 S. D(;«xS- ED* 


4 S;E'Dt 

weight D; t 

6 .AB C . S.CDE 
•§TA Bf X 9 ‘ C Bi* S . C D p x 8 • ED p 

Cor. I.- 1 — Produce C D, so that D w, may be equal 
to C r, and draw w x, parallel to B p, cutting D E, 
in x,.then the weight C, the forces in directions C B. 
and C D, are as r B,C B, hnd-C ^respectively, and 
the weight C, is to the weight D, is B r to w x.” 

“ Cot\ S. — The force, or thrust, at C, in direction 
CB, or at B, in direction BC, is as the secant of the 
elevation of the line B C, above the horizon.” 

“ For, force- in direction C B - force in direction 
fc D :: CBjGf ;; S: C r B, or r C m, or s C D»' 
S.r BC ! ; cosi elevation of C D ♦ cos. elevation of 
C B^l sec. elevation of C B ; sec. elevation CD . 
because the secants are reciprocally as the cosines.’* 
3 C “ Cor 
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u Cor. 8.— Draw Cp, D m, parallel to D E, C B,| 
then the weights on Cand D, to preserve the eaui-, 
librium, will be as C <m to D p, and therefore, ir all 
the weights are given, and the position of two line- 
CD, DL 1 , then the positions of all the rest C B, 
BA, &c. will be successively found. For let the 
force-indirection C D, or D C, be C D, then C p is 
the force in direction D E, and D m, in direction 
C B. And D p, or the weight D, is the force com- 
pounded of D C, Cp; and C ru, or the weight C, 
is the force compounded ofTJ D, D m." 

“ Cor. 4. — If the weights lie not on the angles B, 
C, D, &c. let the places of their centres of gravity 
be at jg, h, k, 1. ana let g, h, k, 1, also express their 
weights. Ana take the weight B= 

A g ^ i h C k B h^ i k D | n C k ^ i 

rn «+irc h ' c =ire h +c D k > Ht* + 

&c. then B, C, D, See. wBl be the weights 

lying upon the respective angles." 

u Cor. 5.-—Ifthe weights were to act upwards, in 
the directions m C, p D, &c, or which is the same 
thing, if the figure A, B, C, D, E, E, wair turned 
upside down, and the weights remain the same, and 
the points A F, be fixed as before. All the angles 
at B, C, D, &c. and consequently the whole figure 
will remain the same as before; and that whether 
the lines A B, B C, C D, &c. be flexible or inflexi 
ble cords or timbers." 


“ This will easily appear, 'by the demonstration 
of the prop. For the ratio of the forces at any angle 
C, will be the same, whether they act towards the 
point C, or from it ; that is, it will be the same 
thing, whether the weight at any angle C, acts in 
direction C m, or-C s, and as the forces were sup- 
posed before to thrust against C, the same forces 
now do pull from it." 

“ Scholiun .—* Jf DA, B F, Figure 6, be a semi- 
circle, whose diameter is D F, draw A G, 'perpen- 
dicular to D F, -then the force or weight at any 
place A, to preserve the equilibrium, will be re- 
ciprocally as A G 3 , or directly as the cube of the 
secant of the arch B A.” 

“ Likewise it follows from Cor . 5, that if any 
c >rds of equal lengths, be stretched to the same de- 
gree of curvature, the stretching forces will be as 
the weights of the cords." 

Proposition . — If the distance of the walls ADand 
BC be given, Fig. 7, and AB, AC be two beams of 
timber of equal thickness; the one horizontal, the 
other inclined ; and if two equal weights P, Q, be 
suspended in the middle of them; the stress is equal 
in both, and the one will as soon break as the other, 
by these equal weights." 

“ For AC: AB;: weight P : A® P— pressure 

A C 

against the plane, or part of the weight the beam 


A R 

A C sustains. And the stress upon A C Px 

A C or A BxP; and the stress < n A B isQxA 8, 
which is equal to A BxP> because the weights 
P, Q are equal. Therefore, the stress being the 
same, and the beams being of equal thickness, ooe 
will bear as much as the other, and they will both 
break together." 

“ Cor. 1 If the beams *be loaded "with weights 
in any other places -in- the same perpendicular line 
as F, G; they will bear equal etress, and one will 
as soon break as the other. 

“ For they are out into parts ■ similar to one ano- 
ther; and therefore'stress at-F: stress by P: ; A FC:-J 

A C- : : A G B B * : -.stress by B: stress by Q 
4 

or stress by P. ^Therefore *stres9 at F= stress 
atff." 

“Cor. -2. Jf the two beams be loaded in propor- 
tion to their lengths; the stress by -these weights, or 
by their own ‘ weights, will be as their lengths; and 
therefore the longer, that stands a slope, will sooner 
break." 

“ For the stress upon A C was A 
stress on A B was A BxQ; bat -since P and Q are 
to one another, as A C and A B, therefore the stress 
on A G and A B will be as A Bx -A C and A Bx 
A B ; that is, as Ab to A *B. And in regard to 
their own weights, these are also proportional to 
their lengths.” 

u Proposition . — Let A B, A C, Figure 8, be two 
beams of timber of equal length aua thiekness, the 
one horizontal, the other set sloping, if CD be per- 
pendicular to A B, and they be loaded in the mid- 
dle with two weights, P, Q, which are to one ano- 
ther as A C to A D, then the stress will be etjual .in 
both, and one will as soon break as the other/* 

“ For AC: A D::P:4-BP^=pre«sureofPiB 

A Lf 

tin* middle of A C. And by supposition, AC: 

A D: : P : Q ; therefore-— E=Q, the weight is 

the middle of A B. Therefore the forces in the mid- 
dle of the two beams are the same, and the lengths 
of the beams being the same, therefore the stress is 
equal upon both of them ; and being of equal thick- 
ness, if one breaks, the other will break." 

u Cor . if the weights P, Q, be equal upon tke 
two equal beams A B, A C, the stress upon A B 
will be to the stress upon A C, as A B or A C to 
A D, the same holds in regard to their own weights. 

For the weight Q is increased in that proportion. 

“ Proposition . — If several nieces of timber be ap- 
plied to any mechanical use where strength is requir* 
ed, not only the parts of the same piece, but the se- 
veral pieces in regard to one anotner, ought to be 
soadjusted for bigness, that the strength may beal- 
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“Trays proportional to the stress they are to en- 
dure.” 

4 This proposition, Mr. Emerson observes, is 
'the foundation of all good mechanism, and ought to j 
be regarded in all sorts of tools and instruments we 
work with, as well as in the several parts of any en- 

f ioe; for who that is wise, will overload himself with 
is work took, or make them bigger and heavier then 
the work requires* Neither ought they to be so 
slender as not to be able to perform tbeir office. In 
all engines, it must be considered what weight « very 
beam is to cany, and preportion the strength accor- 
dingly. All levers must oe made strongest at the 
place where they are strained the most ; in levers of 
the first kind, they must be strongest aUhe support ; 
in those of the second kind, at the weight; irt those 
of the third kind, at the power, and diminish propor- 
tionally from that point. The axles of wheels and 
pullies, the teeth of wheels, which bear greaten 
weights, or act with greater force, nrust be made 
stronger, and those lighter, that have light work to 
do. Ropes must be so much stronger or weaker, as. 
they have more or less tension ; and in general, all’ 
the parts of a machine must have such a degree of 
strength, as to be able to -perform its office, gijd no 
more ; for an excess of strength in any part does no ] 
good, but adds unnecessary weight to the machine, 
which clogs and retards its motion, and makesit 
languid and dead. And on the other hand, a de- 
fect of strengh where it is wanted, will be a means to 
make the engine fail in that part, and go to ruin. 
So necessary it isfo adjust the strength to the stress, 
that a good mechanic will never neglect it; but 
will contrive all the parts in due proportion, by 
which means they will last all alike, aua the whole 
machine will be disposed to fail all at once. And 
fhis will ever distinguish a good xnechauic from a 
bad one, who either makes some parts so detective, 
imperfect, and feeble, as to fail very soon ; or makes 
others, so strong or clumsy, as to out-last all the 
rest-” 

u From this general rule fellows, 
u Cor . 1. — In several pieces of timber of the same 
sort, or in different parts of the same piece y the 
breadth multiplied by the square of die depth, must 
be as the length, multiplied by the weight to be 
borne, for then the strength will be as the stress. 

“ Cor. 2. — The breadth multiplied by the square 
of the depth, and divided by the product of the 
length ana weight, roust be the same in all.” 

“ Cor. 3. — lienee, may be computed the strength 
of timber, proper for several uses in building. As, 

“ First. — To find the dimensions of joists and 
boards for flooring. Let b, d, 1, be the breadth, 
depth, and length* of a joist, n, = the number of 
them, x tbeir distance, g=the depth of a board, 
w — the weight, then nbd 2 s= the strength of all 
the joists, and w 1 = the stress on them, also, 
the strength of the boards* and w x, their 


m 


stress; therefore, 
It g s 


nbd* 


n 1 fir- 


w i 


w x 


sL; and, x = 


^jg-for the distance of the joist9, or the length of 

12 

a board between them. Or b = -5 — . or d* 

d 2 x 

— , and so on, according to what is wanted.” 

Secondly.— To find the dimensions of square tim- 
ber for the roof of a house, — Letr, s, I, be the 
length of the nbs^ spars, and lats, so far as they 
bear ; x, y, z, their breadth or depth, n, the distance 
of the lats, w = the weight upon a rib, c=z:the 
cosine of elevation of the roof. Then by reason of 
1 w 

the inclined plane — — xc= the weight upon a 


spar. And 


1 n w 

r s 


ribs and lats lie horizontally. 

35 s 


tfie weight upon a lat, for the 


Therefore, ssr 
wr 


r — 


8 1 W 

r 


X * 


lx 

rs 


Whencfc, x* =±=! 'llL 9 and x 3 
Cl 8 


__ . r*sz 3 
“ Pn 


Hence, if any one x, y, or z, be given, and all the 
rest of the quantities ; the other two may be found. 
Or in general, krty two being unknown, they may be 
found, from having the rest given.” 

w For example.— Let mfl feet, tez A feet, IzzlS 
inches, nrr- 1 1 inches, cs='707, the cosine of 45° the 
pitch of the root And assume y=2f inches, then x 

=* (t£W ) *?* " d =*‘(1)* 

=1J inches.” 

M Proposition . — If any weight be laid on the beam 
A B, as at C, (see Figure 9, and 10,3 or any force 
applied to it at C, the beam will be bent through a 
space C D. proportional to the weight or force ap- 
plied at C ; and the resistance of the beam will be 
as the space it is bent through nearly.” 

u In order to find the law of resistance of beams 
of timber, or such like bodies, against any weights 
laid upon them, or straining them, I took a piece of 
wood planed square, and supporting it at both ends 
A, B, I laid successively on the middle of it at C, 
1,2.3, 4,5, 6, 7. and 3 pouqds; and 1 found the 
miadle point C to descend through the spates 
1, 2,3,4, 5, ff, 7 y andH respectively. And repeat- 
ing the same experiment with the weights3, 6, Dibs, 
they all descended through spaces, either accurately 
or very nearly as the numbers 1, 2, 3. 1 tried the 
same tilings with springs of metal, and found the 
space through which they were benl, proportional to 
the weight suspended. 1 also tried several experi- 
ments of this kind with wires, hairs, and other elas- 
tic flexible bodies, by hanging weights at them • 

and 
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tod I found that the increase of their lengths, by 
stretching, was in each of them proportionafdothe 
weights hung at them ; except wnen they were going 
to break, and then the increase was something 
greater. It may be observed, that none of the*e hor j 
lies regained their first figure, when the weights 
were taken off, except well tempered springs ; so 
that there are no natural bodies perfect ty elastic. 
And even springs are observed oy experience to 
grow weaker by often bending ; ana by remaining 
some time unbent, will recover part oftheir strength ; 
and are something stronger in cold than iu hot wea- 
ther. But at any time, a spring, and all such bodies 
observe this law, that they have the least resistance 
when least bent, and in all cases are bent through 
spaces nearly proportional to the weights or forces 
applied. Ana. therefore, 1 think this law is suffi- 
ciently established* that the resistance any of these 
bodies makes, is proportional to the space through 
which it is bent, or that it exerts a force proper 
tional to the distance it is stretcheddo*" 

4< The knowledge of this property of springy bo- 
dies is of great use in mechanics for by this means 
a spring jnay be contrived to pull at all times with 
equal strength, as in the fusee of a watch ; or it 
may be made: to draw in any prqportion of strength 
Muirpd.” 

“ The action of a spring may be compared to the 
liftingupa chain of weights, lying uponaplane, or 
to the Idling a cylinder of timber out of tlie water 
endways." 

This author farther observes, that ‘“ the proposi- 
tions before laid down concerning the strength and 
stress of timber, &c. are also Of excellent use in 
several concerns of life, and particularly in Archttec 
ture; and upon these principles a great many prob 
Lems may be resolved, relating to the due proportion 
©fstrength in several bodies, according to their parti- 
cular positions and weights they are to bear, some 
of which I shall briefly enumerate.** 

“ If a piece of timber is to be holed with a mor- 
tice hole, the beam will be stronger when it i* taken 
out ofthe middle, than if it be taken out of ^either 
side. And in a beam supported at both ends, it is 
stronger when the hole is taken out of the upper 
side than (he under one, pmvided a piece of wood is 
driven hard in to fill up tne hole.” 

u If a piece is to be spliced upon the end of a beam 
to be supported at both ends, it willbfe stronger when 
spliced on the under side of a beam, than on the up- 
per side. But if the beam is supportedonly atone 
end, to bear a weight on the other, it is stronger 
when spliced on the upper side." 

“ Wnen a small lever &e. is nailed’to a body to 
remove it, or suspend it by, the strain is. greater 
upon the nail nearest the hand, or point where the 
power is applied.” 

“ If a slender cylinder, istobe supported by two 
fieces, the distance of the* pins ought to be 


parts of the length of- the cylinder, that is £ Its 
leugtli, the piiis equidistant from its ends, and then* 
the cylinder will endure the least bending or strain 
by its weights." 

“ By the same principles, if a wall feces thew'md, 
and If the section of it be a right angled triangle, or 
the foreside be perpendicular t<y the horizon, and 
the backside terminated bv a sloping plane inter- 
secting the other plane in the top of the wall, such a 
wall will be equally strong in all its parts to resist 
the wind, if the parts ofthe wall cohere strongly to- 
gether ; but if it be built of loose materials, it is bet- 
ter to be convex on the backside, in form of a para- 
bola." 

“ If a wall is to support' a bank of earth, or any 
fluid body, it ought to be bnih concave in form of a 
semi-cubical parabola, whose vertex is at the top of 
the wall ; this is when the parts of the wall stick 
well together ; bnt if the parts be loose, then a right* 
line or sloping plane ougnt to be its figure. Such 
walls will be equally strong throughout. 

- “ All spirfes of churches in the form of cones or 
pyramid v are equally strong in all parts ta resist 
the wind ; but when the parts cohere not together, 
parabolic conoids are equally strong throughout." 

* Likewise, if there be a pillar erected in the form 
nf the logarithmic curve, the assymptotei being the 
axis, it cannot be crushed to pieces in one part 
sooner than in another, by its own weight. And if 
buch a pillar be turned upside down, mad suspend at 
the thick end in the air, it will be no sooner pulled 
asunder in one-part than another by its own weight. 
A nd the case is the same if the umall end be cut off, 
r and instead of it, a cylinder be added,, whose height 
is half the subtangent." 

The same author states also his having found by 
experience, that there is a great deal . of difference in 
strength, in different pieces ofthe reiy same tree, 
some pieces I have found would not bear half the 
weight that others would do. The wood of the 
boughs and branches* is far weaker than that of the 
body ; the wood ofthe great limbs is stronger than 
that ofthe small ones, and the wood in the heartofa 
sound tree is the strongest-of all. I have alsof&ilndbf 
experience, that a piece of timber, which has borne a 
mat weight for a small time, has broke with a fer 
less weight, when left upon it for a longer time. 
Wood, is likewise, weaker when it is green, and* 
strongest when thoroughly dried, and should be two 
or three years old at least. If wood happens to bfe 
c appy it wiltbe weaker upon thataccount, ond witt" 
likewise decay sooner. Knots in wood weaken it 
veiy much, and this often causes it to break where 
& knot is, Also when wood is cross-grained, as it 
often happens in sawing: this will weaken it more 
or less, according as it runs more or less cross the 
grain. And 1 have found by experience, that tough 
wood cross the gram, such as dm or ash is 7, 8orl0 
times wedker than straight; and wood that easily 

splits 
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lplits, sufch as* fir, is 16, 18, or 20 times weaker. 
And lor common use it is hardly possible to find 
wood but it must be subject to some of these things. 
Besides when timber lies longf in a building, it is 
apt to decay, or to be worm eaten, which must need* 
very much impair its strength. From all which it 
appears, that a large allowance ought to be made 
for the strength of wood, when applied to any use, 
especially where it is designed to continue for a long 
time.” 

We come next, to some observations bnd examples 
of that ingenious experimental philosopher Mr. 
John Banks, contained in his useful treatise on the 
u Power of Machines.” which work we strongly re- 
commend to the attention of mechanics in general. 

This Gentleman commences with 44 Rules and ob-j 
mrvations respecting the form and strength of beam* i 
of wood and iron for supporting weights, working 
engines, &c, 

* If the materials of which different beams are 
made, be equally good, the comparative strength 
under any regular form may easily be investigated. 
But we find Iry experiment that the same kind of 
wood, and of the same form and dimensions, will 
break with very different weights ; or, one piece is 
much stronger than another, not only cut out of 
the same tree, but out of the same rod; or, a< 
piece i of a. given length, planed equally thick, and; 
cut in two or three pieces, these pieces will be 
broken with different weights. Iron also varies in 
strength, and not only from different furnaces, 
but from the same furnace, and the same melting; 
but this seems to be owing to some imperfection in 
the casting, and in general iron is much more uni- 
form than wood. The resistance which any beam 
or of wood or iron affords, will be as the sum of the 
products of all the fibres, between the top and bot- 
tom, multiplied by their respective distances from 
the top. For if a— length, h- — b readth and Tzzx 


depth, we shall have zXz, and divided by A; the 

fluent of ; hence, !?*? = the whole resis- 

2 2 


tance, which when the weight is suspended from the 
middle of the beam,- must be divided by halt the 

length, or by—, which will be equal to-^- ; which 

2 a 


expresses the strength of the beam. From which we 
have the following 

Rule . — 4C Multiply the breadth in inches by the 
square of the depth in inches, find divide that product 
by the length in inches , the quotient is a fraction , or 
zhok number , 8$c. which expresses the comparative 
strength of the beam . 

“The dimensions may be taken in feet, or the 
breadth and depth in inches, and the length in feet,, 
but to compare one piece with another they must all 
betaken in the scu^ manner. From a great num-j 


il 


her of experiments which I Tiave made on the 
strength or wood, and .that on pieces of various 
lengths and breadths, &c. I found that the worst or 
weakest piece of dry heart of oak, 1 inch square and 
I foot long, did bear 660 pounds, though much bend- 
ed, and two pounds more broke it. The strongest 
piece 1 have tried of the same dimensions, broke 
with 974 pounds. # 

44 Ttie worst piece of deal I have tried, bore 460 
pounds, but broke with 4 more. The best piece 
bore 690 pounds, but broke with a little more. 
These pieces were 1 inch square, and 1 foot long. 

Example 1. — 44 Given apiece of oak 6 inches 
square, and 8 feet in length, to find what weight sus- 
pended from the middle will break it. 

Solution . — 44 Ih the worst piece of oak 1 inch 
square, and 12 inches long, the strength is 1 squar- 
ed, viz. the depth squared and multiplied by the 

breadth, and divided by the length, which is_I I 


In the given piece we have 6 the depth squared equal 
36, which multiplied by the breadth (6) gives 216, 

which divided by the length 96, gives . j !j? , or, — £i_ 

96 4 

hence as __L is to 660 pounds, so is p to 17820 

12 4 


pounds. 

44 From the above, we may compute the following 
weights, which placed opposite to the fraction or 
whole number, which is obtained by the rule before 
given, and the dimensions taken in inches; in the se- 
cond column, in feet;, in the third, the breadth and 
depth in inches, and the length in feet. 


si 
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4 
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u Example . — Given, the length of an oak beam 
16 feet, breadth 15 inches, and depth 18 inches, re- 
quired its strength ; or, the weight which suspend 
ed from the middle, will nearly break it.” 

“ 1. Let the dimeasions be taken in inches, and 

we have X 25*3125 ; the front the first 
192 

column of the table we say, as is to 660 
pounds so is 25 3125 to 2(X)475 pounds the answer.” 
2 Let the dimensions be taken in feet, and we 

have ^ ;LXJ 5 X jjjj =* 1757 =: M- » and from 
16 056 

the second column in the table we may say, as_J__ 

J 1728 

is to 660 pounds, so is fjL -o 200475. 

“ 3. The breadth and depth in inches, and the 
length in feet, and we shall have the befadth multi- 
plied by the square of the depth, equal 4860, which 

divided by 16, give s ^^_, or 303 75, and as in the 
4 

third column, as 1 is to 660 pounds, so is 303 75 to 
200475 pounds, the answer.” 

A beam of the above dimensions is commonly 
used for working a steam engine, the cylinder of 
which is from 20 to 24 inches diameter, suppose 22 
inches, then the greatest pressure that can possibly 
act upon the beam will not exceed 10000 pounds ; 
hence, the beam would require above 20 times the 
force of the engine to break it, nevertheless if it was 
tnurh weaker, the engine might bend it, and in time 
break it. 

4 * Suppose we take the above beam for a standard, 
or conclude that eveiy beam ought to be able to 
bear 20 times as much as it is employed to do. 
Then what must be the dimensions of a beam 20 
feet long, to work a cylinder 36 inches diameter. 

“ Solution . — The weight suspended from the ends 
of the beam will be as the squares of the diameters 
of the cylinders, viz. as 22 squared, and 36 squared, 
or as 484 to 1296, the last divided by the first, gives 

2*6777, or^L; so that the strength of the new 
121 

h am must -be 2*6777 times as great as the other. 
The strength of -the first, when the breadth and 
depth are taken in inches, and the length in feet is 

expressed by which multiplied by , gives 
3936 60 . equal 813*34 for the -strength. If no re- 

. 484 

gard is pakHo the ratio of the -bread th and depth, 
the problem i* simply answered by assuming the 
breadth what we please, suppose 18 -inches, and 

z&sthe depth we shall have cd8 1*3*34 ; and 

z? will equal— ^^-^=103-71; the square 

10 


then our theorem will become 
or,b = H3- 34 XjO_ 

’ 729 


root of which is or the depth 30 Sachet 
nearly. 

Otherwise, let the depth be taken at 27 inches 
and let l>=:breadth, 

22 31 inches. 

IN WORDS. 

“ Pule. — Multiply the expression for the strength, 
by the length of the beam in Jeel , and divide that by 
the square of the depth in inches , the quotient will be 
the breadth in inches. 

“ N. B. Though the above two beams are equal- 
ly strong, yet the second contains about 8j feet 
more wood than the first. 

problem 2. 

<c Let it be required to make a beam equally 
strong with the last, and of the same length, but 
that the ratio of the breadth to the depth be a*- 2 to 
3, or in feuiy other proportion ? Let a ss length in 
feet, b as breadth, z =3 depth, and b = 81331, 
the expression for the strength. 

« Then will — z * -=a 813 34; 
a 

813 34 X a 


and z* = 


hence, 2 z= 3 b ; and : 


which squared, 


gives, z 2 = 


® • also 8 a z 2 

m b — 


also by the problem, as 2 ♦ 3 b ♦ z; 
3 b 

from 

whe.ee we get *> t=i|i = < X 81*3* X» 

= 7229 7 the cube root of wtycb, is 19*337, the 
breadth in inches, and as 2 ♦ 3 : : 19*337 ; 29*005, 
the depth in inches. 

“ If m is to n as the breadth to the depth, we shill 
have the following general theorem, viz. b 3 ^ 
m 2 s a 


n 2 , 

PROBLEM 3. 

“ Required to make a beam 24 feet long, to worl 
a cylinder 24 inches diameter, and that the breadtl 
be to the depth, as 3 to 7. 

u To fine! an expression for the strength of th 
beam, we may say from the last problem, as 484, th 
square of tlie diameter of the cylinder, is to the ei 
pression for the strength of its beam, so is 576, in 
square of the diameter of the present cylinder, to 
number which will .express its strength, viz. as 484 

I®!®;; 576 ♦ 361*487, the number required. 

4 

“ But when the length is taken in (feet, « 
breadth and depth in inches, we know that an cfl 
beam, which will just break with 660 pounds, to 
its strength expressed by 1, and if we wish to hai 
a beam which wiH bear 20 times as much a? *t 
intended to load it with, We may take * p 8 *. 
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the load, vie. -/* df 660, or 33, and sav, a? S3 t 1 
• • twice the area of the intended cylinder multiplied 
by 14, to the strength of the beam, in this ease, as 
S3 ♦ 1 ; I 12672 ‘ 384, the strength. But this is 
much more than the real load ©i a common 2 feet 
■cylinder, if it should amount to even 10 pounds per 
inch, the whole would be only 8640 pounds, and as 
33 ♦ 1 : : 8640 ‘ 26 1 8 the strength ; let a beam be 
constructed by both expressions, viz by 384 and 
262. In the first case, by the general tlteoram, b 3 s= . 

”* ** a _ : w the problem, m s=3, and n» 7, also; 


a i= 44, and s = 384, therefore 9 X jj**X_^L : 

*kl) i 

bs = 1602 7, the cube root of which w the breadth ! 
■*= 1 1918 inches ; and as 3 ♦ 7 : 1 11918 J 27 808 
inches, the depth. I have known a beam of deal of 
this size, used for a 2 feet cylinder, but in a few 
years it was much bended, though there was no 
danger of its breaking. 

“Secondly, when the strength is expressed by 
262, we have every thing the same as before, except 

262, therefore =1155, 
49 

and the breadth = 10 492 inches, aud as 3 ♦ 7 I 
10-402 J 24-48 niches, the depth. 

“ But suppose the engineer wishes it "to support 
any greater weight, for instance, 25 times its com* 
mon load, he may divide 660 by 25, "and the quo- 
tient will be 26 4 ; then as 26*4 J 1 : *. 8640 • 327 2 
the expression for the strength, and j??Zl?X— X 9 

■— U — 1442351 •- its cube root is 1129 = b. 
And as 3 1 T 1 1 1 1 29 ♦ 96 34, the depth. 

Bjr the above process, we and the strength of a 
beam towork a 12 inch cylinder expressed by 96, j 
from which we have the following j 

“ Rule. — Square the diameter of the cylinder m 
feet, and multiply the product by 96 ; the hsl pro- 
duct will express the strength. 

N. B. The depth and breadth are taken in inches, 
knd'lbe length in feet, which 1 think is the most 
convenient ip general. The length of the beam will 
no difference, for the dimensions will turn 
out so as to make it equally strong of any length, 
for example. 

PROBLEM 4. 

“ Required a beam 16 feet long, to work a cvlin- 
4er of 30 inches diameter, and that the breadt h be to 
the depth, as 3to 5. 

Solution. — “ 2 5 feet squared, is -6 25 ; wh«ch 
fay the ride, multiplied by 96, gives 600 for the 
■trength. 

“ Then by the theorem, b 3 t 111 ^ ; m 2 =9"> 
D 2 =25 ; 8=600 ; a= 16, therefore 9 X^X_L 6 
— hS =3456; the cube root of which, is 15119 


inches, and as 3 is to 5, so is the breadth 15-119 
to t ! >e depth 25" fa8 inches. 

• “ Let it be required to make a beam for the same 

'cylinder of 24 feet, then w i» 9 X^>X%= b3 = 

the breadth=5l84, the cube root of which, is 17 307, 
from which we find the depth 28 : 845 inches. Tins 
is equally stvoug with the first, but contains much 
marc zvood. 

PROBLEM 5. 

a Required a deal beam K3 feet Iona:, to work a 
cylinder of 1 foot diameter, the breadth to the depth, 
as 3 to 5. 

Solution.—" If we take the pressure at 14 pounds 
per inch, the weight upon the centre will be about 
3168 pounds, also the worst piece of fir, one nncli 
square, and one foot long, bore 460 pounds, 


broke with 7 pounds more ;heYice, if we take___ part 

of 460, viz. 23 pounds, and say, as 23 ‘ 1 (the ex- 
pression for its strength,) so is 3168: 137 7 the 
strength. Then from the theorem we multiply the 
length, the strength, and the square of the ratio of 
the breadth together, and divide by the square ofthe 

„,k, of «ho ™J22£^2X.9i s9 r3.15S,the 

cube root of -bids 1- 9 9 inebeo J|“ bre * <llh ' 
then as 3: 5: '.9 9 : 16 5 inches, the depth. 

“ Hence, if the square of the diameter of any gr- 
ander in feet, is multiplied by 138, fort he strength 
of a deal beam, it will, without breaking, support 
more than 20 times as much weight as the engine can 
ever exert upon it. 

Experiments on the strength of oak . ^ 

“ These experiments have been roade on pieces of 
one inch square, and one foot long, ami from that 
size to 2 inches square, and five feet long, to men- 
tion all the trials would take up thne and room to no 
great purpose. It may be sufficient to observe ? that 
when the computations made on the different pieces, 
and applied to pieces 1 inch square, and 1 loot long, 
that the worst would bear 660 pounds, and. the 'best 
not more than 974. From similar experiments on 
deal of the same dimensions, I found >the .vovst winch 
I used would just break with 460, and the strongest 
with 690 pounds. 

“ But in all the computations, I have taken the 
worst pieces to compute from, aud at the same time 
have made them to bear 20 times as much as the lead 
they have to support) not taking notice of their own 
weight, which would have made the process much 
more troublesome. 

troblem'6 

« Required the length of a piece of oak one inch 
square, so that it may just break with its own 
weight. 

Solution.— <( Let x==the length in feet, and one 

foot 
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foot in length weigb-jL-of a pound. Tten asl: 

666 1 1 Jl ♦ ggOlhe weight which will break it, but 
x x 

the bar only acts with half its own weight at the cen- 
tre, therefore — t he weight of the bar, must be 
W 

equal t oJ^ y%\ viz. 1^9. ==^L ; or> 13200= 
x x 10 

4x- , and x— /J500 =57*44 feet. 

Experiments on the strength of cast iron . 

44 Of late cast iron has been used in various cases 
in place of stone or wood, as in bridges, engine 
beams, pillars, rail ways, or roads, &c. and is still 
likely to be more in use. The following experi- 
ments we're given to me by Messrs. Reynolds, of 
Ketlev, at the same time requesting me to make 
them as public as 1 could, for the advantage of 
others. 

Experiments on the strength of cast iron , tried at 
Kttley, March , 1795. 

N. B. The different bars were all cast at one 
time out of the same air furnace, and the iron was 
very 9oft so as to cut or file easily. 

Experiment 1. — 41 Two bars or east iron, one inch 
square, and exactly 3 feet long, were placed upon an 
horizontal bar so as to meet in a cap at the top, from 
which was suspended a scale; these bars made each 
an angle of 45° with the base plate, and of conse- 
quence at the top so as to form an angle of 90°, 
from this cap was suspended a weight of 7 tons,, 
which was left for 16 hours, when the bars were a 
little bent, and but very little. 

Experiment 2- — 44 Two more bars, of the same 
length and thickness, were placed in a similar man- 
ner, making an angle of 224 ° with the base plate; 
these bore 4 tons upon the scale; a little more 
weight broke one of them, which was observed to be 
a little crooked when first pul up. In this case the 
pressure would l>e as the sines of the angles of eleva- 
tion, viz. as 3826 to 7071; and as 3826; 4 tons:: 
707 1 ; 7*6 tons, that is if the second bars broke with 
4 tons, the first ought to have taken 7*6 tons to 
break them, and as they were not broken it is likely 
that would, if tried, have been the case. 

Experiment * 3. — 44 Another bar was placed hori- 
zontally upon two supporters, exactly 3 feet distant, 
k bore 6 cwt. 3 qrs. but broke when a little more 
was added. 

Experiment 4. — 44 The same experiment repeat- 
ed, with the same result. 

Experiment 5 . — 44 The bearings were 2 feet ft 
inches apart, the bar bore 9 cwt, and broke. This 
was perceptably bent with 1 cwt. but bore two safe- 
ly. Three more experiments were tried the next 
day with the prisms 3 feet distant ; the average result 
was 6 cwt, 2 qrs. 1\ pounds. 

Experiments tried at Colebrookdftle , on \curc- 


ed bars or ribs of east fan, April , 1795. 

44 Rib 29 feet 6 inches span, apd 11 iucheshign io 
the centre* it supported 99 cwt. 1 qr. 14 lbs. it sunk 
in the middle 3f , and rose again £ when the weight 
was removed. The same rib was afterwards tried 
without abutments, and broke with 55 cwt. 0 qrs. 14 
pounds. 

Experiment ft. — 44 Rib 29 feet 3 inches in spas;* 
segment of a circle 3 feet high in the centre, it sup- 
ported 100 cwt. 1 qr. 14 lb* and sunk 1 _ in the 

I( > 

middle. The same rib was afterwards tried* with- 
out abutments,, and broke with 64 cwt 1 qr. It 
pounds. 

N. B. ‘ The thickness of these ribs is not mention- 
ed, but the experiments shew that they are much 
stronger with abutments ; as little more than half 
the weight which they support, breaks them when the 
abutments are removed. 

44 The following experiments on cast iron, I made 
at Messrs. Aydon and El well’s foundry^ at Wake- 
field, the iron came from their furnace at Shelf, 
near Bradford, and was cast from the air furnace; 
.the bars one inch square,, and the props exactly 
one yard distant, one yard in length weighs exactly 9 
pouuds, or one was about half an ounce less, and 
another a very little more; they all bended about 
one inch before they broke. 

1. The first bar broke with* • • * * * • .963 pounds. 

2. Bar broke with ^ • .958 pounds. 


3. Bar broke with .994 pounds. 

4. Bar made from the cupola, 

broke with •••.*.*. • ... ».»*•*..• *, .864 pounds, 

5. Bar equally thick in the mid- 
dle, but the ends formed into a pa- 
rabola and weighed 6 lbs, 3 ozs. 

broke with . .. * .874 pounds* 


44 Other experiments were made by giviug the 
9ame quantity of iron a different form, (see Jig* ID 
The top and bottom of this beam were each 1 ioch 
broad, and half an inch thick,, till they joined at § 
and b, where they were one inch square ; the piece 
c, d. in the middle from which the weight was sus- 

f tnded, increased the weight of this to lOf pounds. 

he length from prism to prism, viz. from proo to 
prop, was an exact yard ; the depth in the middle 
from top to bottom, 4£ inches The first piece bore 
29 cwt. 20 lbs, and broke with a little more. A se- 
cond piece bore 23 cwt. 1 qr. but broke with ano* 
ther half cwt. 

44 A second form is represented in Jig . 12, where 
the bar acb is 1 inch broadband & inch deep, the 
bar ad b is also 1 inch broad, and T 4 inch thick, so 
that it contains no more iron than the straight bar, 
except the piece ate, from which th* weight was sus- 
pended ; the weight of these was 10 pounds each, 
the depth c, d, 4£ inches, but there was no connec- 
tion betwixt the two, except at the -ends were they 

were raone piece, ^ . 

r % * Trial 
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'jrfrre at c, SW! life Ibfrfer h't the props. 1 

44 TYialS. 48 cwt. 2 qrs. Tibs, broke this hi the 
same manner as the oilier. A ^ntlemnn present 
wished to have t We upper and lower part connected, 
as at the dotted lines ; one was cast rn this torn*, 
and broke wflh 31 cwt. 2 qrs. another bore above 
40 cwt. 

44 Another bfcarfi of the same length bmd depth at 
the centre, but in the form of a parabola, and weigh- 
ed 10 { pounds, the flat part of the beam was \ of an 
inca tinea, aftd Was Surrounded by a moulding | of 
fcn me** thick, and on thfc outside f inch broad : first 
trial brok^ with 50 cWt. 3 qrs. 25 lbs. a feecond 
piece, or b£am, broke with 44 cwt, 3 qrs. btit on ex- 
amining the fracture, it was fall of pores at the gate, 
or place, where the metal entered the mould. See 

jfe. >3- . 

44 From the above experiments, it appears that cast 
iron is from 3^ to 4| stronger than oak of the same 
dimensions, and from 5 to 6\ times stronger than 
deal. 

44 Iron is much more uniform in its strength than 
wood, jet it appears that there is some difference 
in different kinds of ore or iron stone; there is also 
k difference from the same ftirnace, perhaps owing 
1o the degree of heat which it has, when poured 
into the mould. If we take iron upon an average 
to be 4 times ah fiti i bu£ as oak, arid Sf as strong 
as deal, we iriay prdceed to make comparison be- 
twixt wood and iY6n, ifi rd^pect'of ihagnltade, weight, 
expence, &c. 

44 It is proved bv the experiments, that the worst 
Or i-athfer weakest ca aft , iroh. 1 Inch squirt*, and 3 
feet long, Will break with ano\it T30 pounds, and 
as i (viz. the breadth artd sqbaro of the depth; 
multiplied together, and divided by the Itength inj 
feet) is to 730 pounds, so i> or 1 to 2190 pounds,* 
thb weight Which would break h bnb 1 inch sqnaHv 
and 1 foot long. But I lrkvc computed th6 betw> 
of Wood lo brwr 20 rimes as Winch as tlfe intended 
load: Let tftd iron be 1 tndde to support 6 tinu> ; 
the Weight, which f presume, from observation., 
will be sufficient to keep the ni from bending, in- 
vibrating. But ifthf engineer thinks different 
may make them oPwliat strengtlThe pleasds by die: 
following 

44 Rule. — Divide 2190 hj/ the number of tinges you, 
wish to increase its strength above the laid) and say as j 
tht quotient it to J, so is the loud of yetyr new beam to 
tht number which expresses its strength* • ■ * , 

44 For example, the l?ad upon a 12 inch cylinder 
will be about 31f>8 pounds. Obe sixth part of 
2190 will be 3u5, ahd $168 divided by. 365, 
quotes 8*6; which expresses thd for -east 

iron. , . 4 i 

PROBLEM 11- i 

u Let Hbe/fhViilirrd to nia'kis k cast iron ffeahi fori 
a 12 inch cylihder, 4a lhafc |he breadth may lie tOtthe 
depth as 1 to 6, and the length 14 feet. Here wet 


have ar=14: m=l ; n~=6; SzdiS 6; then h 5 «= 

HV.-?= i =3 344, andb *=1 *4954 inches, which 

»»- 36 • . 

multiplied by 6, gives 8*9724, the depth. 

44 On the strength of beams, or poles o f wood or iron, 
wh'fi used m the form of trianghs, to support 
weights, load waggons, raise stout s upon build - 
ings, <$t. 

44 Fig. 14. — Let BSC, bo the triangle, then as the 
-»ine of the angle which B S makes with the horizon, 
s to the radius, so is the whole weight, suspended 
from tlie top S, to the pressure against S B and S C, 
for if they stand in the same position, they will sup- 
port equal parts of the weight. 

4 ^ Those who have not tables or natural sines b)r 
them, may proportion by saying, as S D the altitude 
of the pin, which supports the weight, is to the 
length of a pole or legofthe triangle, so is the weight 
suspended to double the pressure against one pole, 
that is when the triangle conmsts of two poles. If 
there be three poles, as for loading carnages, &c. 
we may say, .-is the perpendicular altitude of the pi* 
is to the length of one pole, so is one third of the 
weight to the pressure against one pole. According 
to Messrs. Reynold's experiments, we easily infer, 
that a bar of cast iron one inch square, and 6ne fodt 
long, w ill bear a pressure against the ends of about 
fS tons, and it appears from other experiments, that 
deal, alder, mid other loft wood of the same di- 
mensions, will bear about 2*3 tons ; but supposa We 
call it only two tons. 

44 Frotn which we get the following proportions. 

4 For iron. As 1 { 15: 1 the expression for iU 
strength, to the weight which it will bear. i 

44 For wood. As 1 ♦ 2 II die expression for its 
strength to its load. 

xx. ‘ . ! 

44 Examples. — Given, two pieces of cast iron, two 
inches square, and 16 feet long, making an angle 
with the norizon of 60° each, what Weight will thqy 
support ? 

44 Solution. — The expression for the strength is the 
cube of a side in inches, divided by the length in 
Feet, viz. = J, and th$ natural sjne of 60^, 
when the radius is 1, is .8060254, for the weight 
which the bar cau bttar against its end, say, as 1 l 
15 : ! £ ♦ 7\ tons. Next, as the, length of the bar 
is to its peqiehilicular alUtucfe, viz. as ^8660254: * 
7 5;6 49519,. which doubled, is 1^*99 , tons, for the 
whole Wd? ; ; ' ; / , 

PROBLEM XXI. ^ 

iC Suppose the same bars make each an ^ngle qf 
30° With the ho 'izoi), wliat weight will they bear, ? 

“Solution . — The strength as qefore is £ ; pncl top 
pressure winch they cafi siipport ' is* 7^ Ions' the sine 
of 90° ik hnd^a ^5 :: t 5 4 375 W for 
I fcflfch barj ttnd'the while ibad is Wifce aW rrt'qc^bi* T^ : 
*h£hce , /it ippbhrt tllat the less tlie tuigle which ^the^ 


Digitized by 


Google 



198 


CARPENTRY AND JOINERY 


make with the horizon, the leu weight will they sup 
port. 

44 N. R In round and square props, poles, &c. of| 
equal length and weight, the round will Le stronger 
learly in the ratio of 31 to 29. But if the len^tns 
are equal, and the diameter of (he round, equal to 
a sick of the square pole, the strength of the round 
pole will be to that of the square one as 21 to 29, 
nearly, 

PROBLEM ’22 

44 Three poles 4 whe- diameter and 10 feet long, 
make each an angle of 60 y with the horizon, what 
lpad may be suspended fr*;»u them? 

44 Solution. ~ ® A for the strength, 

then as T * 2 y. 6*4 ♦ 12 8 tons, the strength of one 
pole. And a^ radius is sine of 60° so is 12*8 to 1 1 
tons, the weight which will produce a messure of 
12*8 agauist one pole, the whole three will therefore 
support 33 tons. 

PROBLEM 23. 

44 Required a triangle with 2 legs 20 feet high, 
god making an angle of 70° with the horizon, what 
must be their diameter to support 3 tons, that is 
each 1£ 

44 Solution.— As the sine of 70* *9396926 ♦ radius 
1 ; 1-J half the weight } 1*5963, the pressure upon 

eue pole. And *15963, or x 3 * 1*5963 X 

20 = 31 926; x * (31‘926)| *317 inch**, the 
diameter of a pole, 

problem 24. 

14 Required, a triangle with 3 legs, each making 
an angle of 00° with the horizon, and 12 feet lbng, 
to support scales fbr weighing of 4 tons, viz. the 
Whole load will be 8 tons. ‘ 

44 Solution. — First, as the sine of 60* *866 &c. 


} radius i 1 1 2 666* one third of the weight, to 
3*077 tons, the pressure on one pole. Then — ^ =* 

3077 ; and *3=36 024- hence, x = (36*924)1 
= 3 298 inches, the diameter of a pole. 

u N. B. Ill the above problems, the legs will do 
UP more than bear the weight, but if we want a 
triangle- to support eig; t tons, we ought by all 
means to make it strong enough to bear 3 times as 
much, and then we should say, as *866 &c. Jl 1 M 8 
♦ 9 S3 tons,, and x 3 will equal 9 23 X & **UO*76; 
and x =( 11076)1 ^4*80 16 inches. 

44 If wood, inetai, &c. intended for bows, springs, 
&c. be formed of the above process, they will ne 
dually strong from end to end, but if one side is to| 
be flat and equally broad through the whole length ; i 
then the other side is formed into a parabola* bythe 
IrUle given for /engine beams. 

.. * 4 \V^ep sliafl^ are placed In an upright; ponHiM, 
they are ,Qjily iu danger of being broken by the 
j^ia't^bcijvpglti |th.e wheel, wbigh drives them,, and 

: 'i • 


the resistance they have to eroraome. A cast in* 
bar 1 inch square, fixed ar one end, and 631 pounds 
suspended by a wh<*el of 2 feet diameter, lix^d on 
the other e* d, w ll break by the twist. The strew^h 
of square hars in resisting t : ie twist, is a* the ciue 
of * side. In round bars or spiudles, as the nilv of 
the diameter. H lice, if a bar of 1 inch square, 
require* 631 pounds to break it, one ot 2 ; nch«»8 
square, will require 8 times as much ; and one of 
3 inc e- 27 times , or 7037 pounds. 

44 1 have mad ? experiments on some hars of the 
same $ zt y and the power or fmee avplied w the same 
manner , which have required 100& pound* to break 
ih<m by twisting, hut have mentioned the worst I 
have trad, that ] might not dec tire. 

44 It has been observed, that there is no weight or 
pressure to break these upright spindles besides the 
tw»st, \et it ma> be noticed, that weight on the top, 
ttie shaking of tho machinery, &c. tends to make 
t em vibrate, on which acoount it may be well to 
m ike them something thicker at the middle than at 
the ends^ 

problem 25. 

44 If a shaft 3 inenes *q jitre, will just bear th$ 
force acting upon it, how much must a side. of th# 
square be, when.it is strong enough to bear 5 time* 
as much ? 

44 Solution . — The strength is here repre^eoted b? 
the cube of 3=27. whicn multiplied by 5, gives 133; 
the eube root of which, is 5* 13 inches for tue* 
answer. 

problem 26 . 

44 Fig. 15 —A weight w, is suspended from 
the arm of a crane ABODE, what is the pressure 
against the end of the *pur D B ? 

— X — — =*the pressure at 


l 


44 Solution. 


CD 


DG ! D B 


in the direction D G ; but the pressure at D, in the 
direction D B, will be as DGto D B ; that is, aj 

CEx W.DBx EC 
CD * “ BC X C 
Also, t* e pressure against the upright post A C at 
B, ui the direction G B, will be as B C j C I). v<*. 

r y \ T v c E) x ce xJl 


as BC* CD 
EC X W 


O AJ 


BCX.CU 


BC 


44 Given, E C * 
D C =7 feet, W 

the above, we have 1 


example L 

= 16 teet, B C or D G, =7 feeti 
-3 tons, D B =9 9 : then 

I) B. x E C XW 99X ,6 X? 
DC X 0 C = , 7 X .7 

4752 
49 

spur 1) B. 

44 Farr the* perpendicular, pressure against 

EC X W, 16*3 

t jix; , 7 ■ 

= &8a7l 


- 3 = 9 " 607 9 tons, for the pressure ogamst th* 


the 


upright axle«A C ; we have 
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•#8571 tons! the* force* tending to break the said 
piece at B. 

example 2. 

Given E C = 12 
B C =» 6 
D r = 6 r 
D B = 9 
W . 4 

u Required the pressure on the spur, and the hi 
cizoi tat pr*>* :r*> agains the i»pri«-lit. 

«i DB x EC x W_9 x 12 X 4' Ift71 

** D(; x Tjr 6 x'6.7 10 74 ’ 

the pressure against the and of the spur. The pr?- 

sure against the post, is ^ W = 12^< 4 


Ih this example, let A C and C E, be oak beams, 
each 10 inches- square, and the spur D B, be six 

inches square. The strength of E C is , °fl 

94$ : which, multiplied by 660, gives 31132 pounds, 
*'«ich, suspended at E, M ould break the beam C E 
at D. The length of the upright AC, is 12 feet, 

1000 

and has its strength expressed by , which 

multiplied by 600, produces 53000 pounds, the 
weight which would break it at B n But—! 

0 

=62264, the pressure "at B, which is 7?6t pounds 
more than the beam A C e*n support. The strength 

of' the spur B D is 6 X 6 X 6 — 94 winch multi- 
9 

plied by 2, gives 48 tons for the strength, or 107520 
pounds. Bu .P K X K C X. W — 9x 12 X 3113a 
I) G X D 0 6 ~ 0.7 

= 3 ^|^=s 836S8 pounds, which is 23882 pounds 

less than the force requisite to break the spur. 
From the above, it appears that the upright A C is 
the weakest part : but from the principles already 
explained, the ingenious mechanic will easily proper 
tion the parts so as to be equally strong. 1 wdlndd 
one example. In the above crane the hurur ratal 
beam bears 31132 pou: d«, the length of the sum 
and upright being given, what mint be their dimen- 
sions, that is, how much square, ..to- lie. equally 
strong as the above horiaonlai lieam l " ' 

“ First for the spur. Let z=i. side of the square 


* unr npiir. uk i zc=a.si(ie ot tne square, 

then * 5 X 4480 =31 132 pounds, or z’ =9x31 132 
J 4480 

=62 542 ; and z= 62 542; jf=3'9694 indies. 

Se cond. — The strength of the upright h expressed 

b - — Y §~ — » whicJ * raust equal to .62264, 
hence »3 =» lg . CT 1133-006 ; its cube 

toot is 10*422 b 7 the side of the square post. 


Let it be required to make a crane of ca«t iron 
to bear 4 r?vt. bot t at it may be perfectly saie^ let it 
be calculated for 10 i wt. aijd let A G r = C K =* 

3 feet, also B C =» t J I) =» 1^ foot. 

Solution . — L»*t the thickness of the iron be half an 
nc 1 *, and j>ut z =* depth of C E. Then as 1 J 

2190 ^ ♦ 1120, fioin which we find ir — = 

3 

1 1 9ft 

-=>2 0685; the square root of which, is the 

jOJ 

dept>< = 1*75 inches. The pressure upon the spue 
at D, in the direction D (i = 1120 pounds; 
the lengt ; of the spur is 2 12 feet, and as D G (15) 

J I) B (2 12) 1120 J 1583, for the pressure in 

I.e direction D B. Asa bar one inch square, and 
one fool long, will bear 15 tons, or 33600 poundq, 

we say as 1 ♦ 33600 : 1 ♦ 1583, from which * 

we find z the side of the prop or spur=» .46385 o£ 
an inch square. Next, for the upright, we have 

— > or, 1 120 pounds, the preg* 

sure against B, then as 1 ♦ 2190 ' : , X — the square 

of the breadth to 1120 "pounds, the^Kune as C E, as 
they are of the same leiigth, and th^ 'breadth will be 
the same, that is 1 75 inches. 

We shall Miow present to' th£' attention of our 
readers, a few interesting prpblems, collected frorfi 
various sources. 

In the 6th number of that Valuable publication, 
the <{ Gentleman's Moi he mat teal Companion” we 
find the follcMving question proposed by the truly 
ingenious Mr. Joseph Edwards, private teacher of 
the mat hematics, at Buxton, and most elegantly re- 
solved byhim^ip the succeeding year. 

problem. 

, u Let 8 denote the strength of a parellolopipedic 
beam ot timber, at any given place, found acccrdiug, 
to rthe common principles. Required the strength 
at the.wame place, supposing the expansion aud 
contraction of the fibres, when at the greatest, to 
Have a given ratio*” 

solution. 

“ L* 1 the -parallelogram A B C D, ( Fig. 10. j re- 

S resent the given beam supported at the middle of 
I C, by -the fulcrum F, and strained by two equal 
weiyiita suspended to its ends ; and parallel to which, 
let EFIiea section. 

• I JL lhp in * esti S a,ion of the lateral strength of 
•imber, upon the common principles, the common 
f ilcrum of the bended levers, B F E, C F E, is 
supposed to be in the surface of the lieam at F, and 
consequently that all the longitudinalfibres resist (in 
various dcgiv es) the tendency, of the force of the 
weights to overcome the cohesion at the section, in 
the direction ot t eir s but when the fibres 

are susceptible both o* contraction by pressure, and 
^ expansion 
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expansion by temioii, ft is eVMont, that the t^am 
Will, as soon as it is submitted to the action of suffi- 
cient Weights, turn (until it breaks) al>out that point 
(O) in t F, which divides the expanded from the 
contracted fibres, and of the latter, an equal number 
hi each part FA, F D, mav be imagined to pres> 
upon each other at O F, a'nd form a 'common finite* 
base, upon which the said lever* afe supported when 
they strain the fibres between O and E. Now 'from 
hence, it is evident, that the magnitude oft) F de* 
j)e ds upon the ratio e e to F F, if these lines repre- 
sent the increment and decrement of an expander) and 
contracted fibre, respectively; which being given, 
that of E O ♦ O F is aisogpven by sim. ^ s; and 
£ F being: given, E O, () F, nre eacl giVn.” 

44 Again, draw J O K| B ’C, then (by prop. 57 j 
Emerson’s Mech. ) the strength of the beam A I O' 
h K D, of which life depth is E O, and fulchim O, is as 

— ^Iwhen O K ia given, and the breaking tension 

Eo 

of a fibre at O, =1 ; also -i— == sum of all the ten- 

*> 

sionpat EO, therefore it is evident that all the fibres in 
the beam, AK would be broke by a force at K, which 

is as IL2l if the arm OF, of thte ddubte lever KOE, 

o 

K O F, were not prevented frprp turning about the 
fulcrum O, by the re^isfonye of those fibres at O F, 
which belong to the part I F of tiio* lx»,im, which 

resistances ^— , - ^ p as appears from what has 

been quoted above, and the property of the lever. 
Moreover, because the resistance at O F is equal to 


the sum of all the tensions at E O 

:e 


Co* 


2EoffFO^ 
E_o^ . . Eo. # 0 t j ie greatest 

weight thht the givgn beanfi will support, or the 
lfcast that will break it. But ^ is as the 


ttrenrth of the beam, according to Emerson’s prin- 
h V 1ft t 7 r% r 

ciples; therefore — — J — - — E F ” E F ♦ 
3 o 

p rt 

fiO ;; S ♦ S X —-4^ the strength of the £iven 
h r 

beam as required. Hence it follows, if the b&tn 
be soft and elastic (as fir, yew, &c.) that it will ac- 
quire additional strength by cutting a piece out of 
the under part on each side of O F, ana subf ituting 
a similar one of a firmer texture in its stead.” 

In* the 14th number of the Mathematical C om* 
ponton, we find t le following interesting question, 
proposed by Mr. John Surtees, of Uoktghton Le 
opnug, in the county of Durham. 

“A beam of a given length, having its perpen- 
dicular section every* where a plane triangle vertex 
Upwards, projects horizontally from a wail. Com- 


pare its strength, when SrhbJh, ttr support a Weiiflt 
at its end, with the strength of the remaifiiitg piecu, 
after of the section from the vertex is cut away 
parallel to the horizon; also wTth 'the strength of 
the remaining piece, after *, ■§, J, &c. is cut away, 
the weight ot the beam itself ’hot being considered.” 

44 Note — In Fmrrkon's ATedhanics , page 114, it is 
asserted, that, when ^ is Crtt away, the remaining 
,'ieee is s:ro* g*r than when whole, Which is a'para- 
dox in mechanics. BhI 1 presume that a true solu- 
tion to the above will prove«that to be a mistake.” 

The correctness of this assertion, the ingenious pro- 
poser fully demonstrated (on the suppos tion that 
the beam was destitute of weight), m the 15th num- 
ber of the same publication ; to which the reader fo 
referred for a very excellent solution of the forego- 
ing question. 

The writer of this article has received the follow- 
iug very el* guitand masterly solution of this inter- 
esting problem, from Mr. William Watts, of Ply- 
mouth ; a Gentleman whose eminent scientific at- 
tainments, are surpassed only by his mgenuau9 mo- 
desty. 

44 Let the triangle ABC ( Fig. 17, J r'preienU 
perpendicular section ofa beam, supposed to project 
horizontally from a wall, and let a weight* W be ap- 
plied* at tr.e other extremity to break it ; aluo let 
ABC represent the section when the fracture takers 
place, the fulcrum being at D r 
44 Put C D B=b, I) E=v, and E F=ay. 

Let L also denote the length, aaui W the weight of 
the Whole beam, a?id let 1 and w~be considered as the 
length and weight of any trapezoid or horizontal sec- 
tion of the beam. Then by aim. triangles C D (a) \ 

BD<b):; CE<a— v) ♦ EF (y)=.! L(a — v), and by 

u 

substituting this value Of y in the known format 
» • • 
y v? I it Will become^, (a r 2 v — v 3 v) the fluxion of 

a a<i . , . 

the strength of the beam; and by integrating each 

term, we shall have-!l_^ v * =the strength of the 

o 4'i2 

trapezoid B D E F, which expression when 
becomes b a* , the direct lateral strength ot the 
entire beam. 

These two strengths are to each other in the ra- 

tio of * ba 2 , or of 1 J 1 

1 3a 4 a 2 a* a 1 

(D- .... 

44 This ratio expresses only the relation existing 
between tho strengths or efforts that tend to preserve 
the adhesion of the fibres. If, therefore, we would 
tak^ into consideration the efforts that tend to den- 
troy their adhesion, these efforts being in the inverse 
ratio of the strengths, will be found to vary both ag 
to: the weights of tlie respective beams, and tlid dis- 
tance at which those weights act; therefore by in- 
corporating 
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eoroohiting the direct and inverse ratios, we readi- 
find tliat the strengths are to each other in the 

ratio of 1 * ( j it _ 8 v< \ .... (11) 

,.( 111 ) 


or 


V a 4 )' \ FvT / 

""(rr-ry (")- 


when the lengths are the same. 

u Ex. I. it vr3*$ a, then by the first form, the ra- 
tio for the direct strengths becomes 1 ♦ — 

8 729 

3x4096vor as 2187 to 2048. 

6561 

a 1 Example 2. — If | a, then the ratio of the 

direct strength (I) becomes, cs= 1 ♦~^g~ — 

LK|i21, or as 2187 to 1715.” 

6o61 

“ Example 3. — If v =3 $a, then by form (1), the 
ratio of the direct strengths becomes s=s 1 J ^ 

* , or as 2187 to 1296.” 

Go61 

“ Example 4. — If v=|a, then by form (I) the 
ratio of the direct strengths becomes si J 

or as 21 87 to 875.” 

6561 

“If we continue the examples by supposing v=r 

~ra, &c. &c. we shall obtain a series of results 

y y 

the whole of which, with the preceding, are exhibit- 
ed in the following table, where the several ratios 
ate arranged m their proper order. 

^2048 when 1 ninth is cut away. 

17 1 5 • * • • • .2 ninths. . • • .ditto 

1296. .... . 3 ditto 

8/o* « « . « .4 (•(«»•* tv ditto 
2187 to^ 512« • • t • t5 ditto 

243 6 ..‘ a • ditto 

80 7 ..ditto 

1) 8 ditto 

V. 0......9 .a baa.... dlttO 

“ Remark . — It appears by the preceding solution, 
that the whole triangular beam is stronger than any 
remaining trapezoid whatever, after any triangular 
prism, similar to the given beam, is cut off from the 
top parallel to the horizon, and that Emerson was 
mistaken fat least in theory ) iu asserting that when 
$ of the altitude ofthe triangular .prisnus cut awav ; 
the remaining piece is stronger than when whole. 
But it should not be forgotten that the entire beam, 
being in the form of a triangular prism, and having 
a sharp edge at. the "vertex, is deemed by practical 
men, much more liable to spring than it would be if 
the upper edge were cut ^ff parallel to the base of 


the <prism ; and it is probable that this circumstance 
may more than compensate for the loss of strength, 
occasioned by of the altitude of the beam being cut 
off firom the top; but this I presume can only be de- 
termined by suitable experiment. 

On comparing this solution with the one given by 
the proposer in the Mathematical Companion thev 
will beseen to present the same results ; from which 
circumstance it is evident that theory contradicts 
the assertion of Emerson, and all that remains new, 
is to institute a series of experiments, in order to as- 
certain the conclusion which may be deduced trom 
them. 

The writer has already commenced some experi- 
ments on the subject, which will most probably be 
communicated to the public in some form or other 
at a future day. As his sole object, however, in men- 
tioning this, is to excite an emulation in others tu 
undertake the task, it will be no mortification to him 
to be deprived ofthe honour of being the first, who 
shall either confirm or invalidate the assertion of 
Emerson, by correct experiments. 

Although the preceding solution as well as that of 
Mr Surtees', have been conducted on the supposition, 
that the beam is devoid of .weight, yet, even on this 
principle, Emerson's assertion will' be found altoge- 
ther erroneous. 

In the mathematical department of the u Enquir - 
<r,” is the following probleni, an answer to which 
has not yet been published ; though we shall now 
attempt it in the annexed solution. 

‘PROBLEM. 

“ Two prismatic beams of equal length, whose 
sections are respectively a triangle and a trapezoid, 
the latter being cut from a triangular beam similar 
to the former, nave their ends fixed in an upright 
wall, with their bases downwards; putting S, s, for 
the strengths of the beams G, g, for the distance of 
their centres of grav ity from their bases, we shall 
have S ♦ s;„ G ♦ g; required the investigation. 

Solution.— Let A B C D,E F G H K, ( f igure 18 ) 
be two beams of equal lengths and of the $ame mate- 
rials. fixed in horizontal positions in a vertical wall^ 
and let the latter be a prism cut off from a t. ian- 
gular beam which is equal and similar to D li C. 

Put Ar=area of the section D BC; G=dis- 
tarice of its centre ofgra.vity from the baseBC; L 
z=its length ; W~its weight, and S its strength ; 
and let a, g, 1, w and s represent corresponding par- 
ticulars in the other beam. Then it is well known 

thats. : s: : A O 

::AG 
for example 
the triangle 

foregoing question), we shall have a=r- 
= hence S J s'. : 
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; 1 80 G J 80 g: I G{ g ^ as-is required to be demon- 
strated. 

Thisk solution confirms the assertion made in the 
preceding problem ; for as S and s, denote the 
respective strengths of the triangular and trapezoid- 
al prisms, and these strengths bear an invariable ra- 
tio to G.and g, (as has been just demonstrated), and 
knowing from the common properties of the centra 
of gravity in the beams that G is greater than g, we 
may be considered as correct when we assert that 
the strength of the former beamis greater than that 
of the latter, and this too, without any limit or re- 
gard to the size of the small triangular prism, sup- 
posed to be cut off from the whole triangular prism, 
m order to form the trapezoidal beam E1GHKHK. 

To determine the position of the two posts A I) 
and B E supporting the beam A B, so that the beam 
may nest in equilibrio. 

Solution . — 'Through the centre of gravity G of the 
beam, ( Fig. 19J draw CG perpendicular to the 
horizon ; from any point C* in which draw CAD, 
C B E, through the extremities of tlie beam ; then 
A D and B E, will be the positions of tbe two posts 
or props required, so as AB may be sustained in eqjui- 
ibrio ; because the three forces sustaining any body 
in such a state, must be all directed to the same 
point. C. 

Cor . — If G Fbe drawn parallel to CD; than the 
quantities of the three forces balancing the beam, 
Will be proportioned to the three sides of the trian- 

f le C G F. viz. C G will be as the weight of the 
earn, C F as the thrust or pressure in ft E, 
and F G, as the thrust or pressure in A D. 

The strength of a. beam AB, ( Figure 80,) being 
given, it is required to find its strength, when a 
bole (a c), is cut out of the middle, and another equal 
hole (r n), in the side. 

By the principles of mechanics,, the strength of 
beams, the thicknesses of which are d b,. da, dc, 
will be as d b 2 , da 2 , and dc 2 . Now, as the 
strength of all the particles between b and d, is de- 
noted by d b 2 , and the strength of all the particles 
between a and d, is expressed by a d? , consequently 
the strength of all the particles between b and a. 
(the point D being fixed), will be d b 2 — d a 2 , add. 
' to the same, the strength between onnd d, which is 
c d 2 , and the strength of b a, and c d, when the 
strength of the hollow beam will be d b* — d a 2 
c d 2 , but at the section r, the strength will be f n 2 . 

Whence, if n r r= a c, the strength at b, to the 
strength at r, is as bd* d a 2 -f- c d 2 to (db^-cn) 2 ; 
that is, as d b 2 — 2d c X c a — c a 2 to d b 2 — 2 d b 
X c a -(- c a 2 . Therefore, if d b 2 , be the strength 
of the whole beam (2d c4-ca) X c a, will be the 
deficiency hi strength of tne hollow beam, when it 
breaks at b; and (2 d b — c a) X c a > will be the 
defect of strength when it breaks at n or f, which is 
greater than the " former. . For the. saras .reason the 


deficiency in strength required to break it at d, wil 
be (2 b«f4-e c) X ac * 

Let Al),f Figure 21) be a beam in a horizontal 
position, supported at the end A by the upright 
piece A E: it is required to find the position of ano- 
ther piece B C ef a given length, so as it may sup. 
port A D with the greatest force possible. 

Let B C denote the absolute strength of the beam 
B C ; when agreablv to the principles of the resolu- 
tion offerees, C F will expres^that part of it whicn 
is employed m supporting A D»: consequently 
by the property of the lever, A Cx^ F is to be a 
( maximum. 

| But it is wefl known that the rectangle of two 
quantities forms a maximum, when those quantities 
are equal; therefore B C is in^ the best position for 
j supporting A D, w hen A Ccr A B, or when the an* 
gle A n C, is equal to the angle A' C B. 

| From these data, we learn that the cross bars of 
gates should not be placed diagonally, as they most 
commonly are ; because the bar m that position coun- 
teractsy in a great measure, what it is intended to 
remedy. 

We have now compleated what we proposed, in 
this third and last division of Carpentry; but we 
cannot permit ourselves to eonolude it, without ac- 
knowledging how deeply we are indebted to the la- 
bours ofclifferent authors, for much important and 
valuable assistance throughout the whole of our en- 
quiries. To the Encyclopaedia's Brkannica and Lon* 
dinensis , Fees'* Cyclopaedia , Emerson's , Gregor/s y 
and Marratts Mechanics , Banks on the power of ms* 

I chines^ ikt different treatises on Carpentry , and va* 

I rious other works,, we acknowledge ourselves in* 

1 debted in a particular manner, and would refer the 
| enquiring student to the publieations we have allud- 
ed to, for more particular information; and we can 
assure him that they^wiM be found correct guides in 
general to acknowledge of those subjects which havfr 
been treated of in this part of our article. 

JOINERY. 

We have already: defined to be the act of work* 
ing tn wood, or of fitting various pieces of timber 
to each other, for the purpoae of ornamental appen- 
dages to certain parts of edifices, which are called 
by the French, mtnuiserie , u small work.”* 


ENUMERATION OF TWE MOST UE3FUL-. 
JOINERS TOOLS, 


i Figure 30 represents 

31 

— — 34 

32 and S3..... 

25 

26- 

27 

8 

? gy 

j 


the Jack Plane.. 
Trying Plane . 
Smoothing Plane. 
Phtne Irons . 
Tenon Saw. 


Compass Saw.. 
Keyhole Saw. 
Square. 

B.cocL 

Figure U 
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AfoWfce chisset. 
Gouge. 

Turn Snew. 
Plough. 

Moulding Plane . 
PwrfTS. 

JSrmf Awl . 

Stodt /wrf Bit. 
Srafe Hook. 

Work Batch . 
Rule. 


Besides these, Joiners make use of a variety of 
ether tools, whose general forms are nearly similar 
to those exhibited in the Plate ; and which consist of] 
the Long Plane Y Jointer , Compass Plane, Fork - 
staff plane , Straight Blocks Sinking Rebatting 
Planes , Sfcea? mouthed Rebatting planes, Square 
mouthed Rebatting planes, Side Rebutting Planes, 
Bed Planes of various sizes, Snipes bill, Hollows and 
Rounds, Moulding Planes of various kinds, (which 
would be endless to enumerate), Centre Bit, Count- 
er sink , Rimers , Taper Shell Bit, Drawing Knife , 
Ripping Saxe, Half Ripper, Hand Saw, P ami el 
Saw, Sash Saw, Dovetail Saw, Mortice Gtmge , Mitre 
Box , Shooting Block , Slreight Edge, Winding 
Sticks j Mitre Square ; and several others, which are 
likewise in common use, both with the Carpenter, 
and Joiner. 

frTAIR CARES. 

Palladio, after observing that cc great care ought 
to betaken in the placing of staircases,’’ so “tnat 
they may not obstruct other places, nor be obstruct- 
ed by them”, says that “ three openings are required 
•n staircases; the first is the door through which 
one goes up to the staircase, which theles9 it is hid 
to them that enter into the house, so much the more 
kis to be commended. And it would please me 
much, if it was in a place, where before that one 
comes to it, the most beautiful part of the house 
was seen; because it makes the house (although it 
should t>e little) seem very large; but however, let 
it* be manifest ami easily found. 

“ The second opening is the windows that are ne- 
cessary to give light to the steps ; they ought to be 
in the middle, and high, that the light may be spread 
equally, eveiy where alike. 

u The third is the opening through which one en- 
ters into the floor above ; this ought to lead us into 
ample, beautiful, and adorned places. 

Stairs cases ought to be proportioned in widths 
and commodiousnesp,Jo the dimensions and use o^ 
the building in which they may be placed. The 
height of a step ought not to exceed seven inches, 
norm any case should be less than four; but six 
inches is a general height. The breadth of the steps*] 
should not be less than twelve inches, if it can pos- 
siblj be avoided ; nor should they ever be more than 


eighteen; apd to render the ascent free from the in* 
lerrnption of persons descending, their length should 
not exceed twelve, nor be less than four, except in 
common and small building*, whose area wilt not 
idmit of a staircase of more than three feet. That 
the ascent may be both safe and agreeable, it is re* 
quisite also to introduce some convenient aperture 
tor light, which ought to be as nearly opposite to the 
first entrance to the stairs, as the nature of the 
building will permit. An equal distribution of light 
to each flight of stairs ought to be particularly re- 
garded ; for which reason, the apertures or window* 
are commonly placed at the landings or half spaces; 
though sometimes the whole is lighted from a dome. 
Staircases are of various kinds ; some wind round a 
newel in the middle, while the risers of the steps are 
straight, and sometimes curved ; others are of a cir- 
cular plan, but form a well in the centre. The 
same may be observed of those whose plans are el- 
liptical ; the most common, however, are those whose 
plans form a square or parallelogram. 

The ancients entertained a singular notion, that 
the number of steps ought to be uneven, in ordgr 
that, when the right foot was placed on. the first 
stair in ascending, the ascent might terminate with 
the same foot. This was considered as a favourable 
omen, on most occasions, and they imagined, that, 
when they entered a temple in this way, it produced 
greater and more sincere devotion. 

Palladio, apparently actuated by this superstitious 
motive, allows the Staircase of a dwelling house,' 
eleven, or thirteen steps td each flight. Wl en a 
staircase winds round a newel or column, whether 
its plan be circular or elliptical, the diameter is di- 
vided into three equal parts, two of whidrarcr set 
apart for the steps and onte for the* column, i But in 
circular or elliptical staircases which are open, or 
form a well in the middle, the diameter is divided 
into (bur equal parts; two of which are assigned for 
the steps, and two for the well or void space in the 
centre. Modem staircases, however, * hac$ often a 
kind of well of a mixed form ; straight on each side, 
and circular at the returns of each flight. The 
openings of these wells vary in the point of width, 
but seldom exceed eighteen or twenty inches. 

To most staircases it is absolutely necessary, both 
for convenience and ornament, toaflix hand-rails: 
these generally begin from the ground by a twisted' 
scroll, which, produces a very good effect. 

In the following observations, as illustrated the 
various figures in the annexed plate, will be found 
a satisfactory explanation of their construction. 

The diagram, delineated at Figure I, shews the 
plan of the first step, formed with a scroll to receive 
the newel post, and ballusters, of the twisted hand 
rail ; a, forms the projecting nosing of the step ; h, 
exhibits the thickness of the bracket, and c, points 
out the string board. In order to describe the 
scroll, take the distance between the points 1 and o, 

ij* 
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m Figure 3, and la y at off from A to 3, in Figure 2 , 
when divide this distance into three equal parts, in 
the points 1 and. 2; next draw 3, 4, at right angles 
to A 3, and equal to four of the parts A 1 : join 
A 4 : then with centre 4, and distance 4 3, describe 
a circular arc, intersecting A 4, in 5/ and divide it 
into twelve equal parts; finally, through the point 
4, and the several points of division, draw the radii 
till they intersect the line A 3, as in 2,3,4 ,5,6, 
&c. which completes the scale for drawing the 
scroll required. 

After the several radial lines 1, 2, 3, 4, 5, &c. in 
Figure 3, are drawn, take from 1 igure 2, the 
space 3. 2, and lay it from the centre O to 2, in 
Figure 3, then with t^e same opening, fix one foot 
of the copipasses on 2, and with the other describe 
a small arc, as at G, when, from ], with the same 
opening describe another arc, intersecting it at C. 
From the centre C, thus found, draw the arch 2, 1. 
Again from Figure 2, lay the distance 3, 3, from O, 
on the radical 3, with this distance obtaiu a centre 
as before, and describe the arch 3, 2, proceeding in 
the same manner with the rest. By contracting the 
line 4, 3, in Figure 2, it is evident, that a scroll may 
be drawn more open, or with less convoluti n, as 
in Figure 4; consequently, by increasing the 
length 4, 3, the scroll will acquire more convolu- 
tion: and therefore the scroll, by these means, may 
be varied as desired. Figure 5, shews the pitch- 
board or raking, wherebythe falling mould of the 
twist may be ascertained. The dotted lines, drawn 
from the hand rail to the pitch-board, display its 
width, which should beJiept level, as it winds about. 
The lines a, 3, b, 2, continued round to D, express 
how much half the width of the rail rises on the 
pitch-board, from itsiirst commencement to 3. The 
same pitch board is also shewn at D, and the method 
of finding the outside mould is likewise exhibited 
for the twist of the hand rail, after its sides are so 
squared, a9 to be every way in a perpendicular 
direction to its ground plan. This, however, can- 
not be effected, unless the proper mould for the hand- 
rail, be previously fpund, which may be done thus. 
Let B, in Figure 6. be, considered as that part of 
the plan of the hana rail, comprehended between 1, 
3, in Figure 3, and D, the pitch board, which shews 
the rake or bevel of the hand rail ; after this has 
been divided into any number of equal parts, let 
ordinates be drawn to the plan B, as a, b, &c. when 
from the raking line e, d, draw the corresponding 
ordinates at right angles with it ; and with the com- 
passes transfer the several ordinates from 3 to G, 
as a, b, to c, d, and 1, 2, 3, 4, respectively; then, 
by tracing a curve line through these points, G, 
will be an accurate mould for the upper side of the 
hand rail. But from the twist of the hand rails 
requiring' a greater substance of wood than the 
straight part, it may easily be determined thus: 
delineate the square of the hand rail on the pitch- 


board, as a, in Figure 7, when parallel lines dram* 
from the opposite angles, will shew the thickness 
required, as at 1, 2. In conformity with this, l,m, 
u, in Figure 8, points out the mauner of glueing 
up the rail, with the necessary additional thickness 
of wood, before described. 

This additional thickness is composed of so many 
pieces, and so varied in glueing, in order to assist 
iu the more easy formation of the twist. The best 
method of glueing these, we iire acquainted with, 
is to effect it dn the straight way of the grain, when, 
if the wood be properly matched, the whole will ap- 
pear to be one solid piece. 

To reduce these pieces in a proper manner, and 
to enable the whole twist tor present an agreeable 
! appearance to the eye, it will be necessaiy to have a 
tailing mould, in order that, when each part of the 
twist is so squared, as to answer in every part, to a 
perpendicular line over its plane, when placed in its 
proper position, the mould may be applied to the out- 
side of the rail round the twi*t. Hence, in Fig 5, 
consider D as the pitch board and O P as the level of 
the scroll at 3, 4. When take the stretch of a line 
supposed to be girted from t to 3, in Fig 3, which 
transfer to C) P at D; then divide each side of the 
angle formed by the raking and level line, into any 
number of equal parts, as 1, 2, each way, and the 
points produced by the intersections of the lines 
drawn from each division, will form a curve, per- 
fectly easy, and sufficiently accurate for the purport 
required. 

if h scroll be required to take its spring from an; 
part of the second step, let the pitch board be drawn 
as at Fig. 6, after which proceed in every particular 
as before. Fig. 9, represents the plan of a hand- 
» rail, which includes five steps, m, denotes the 
quarter plan, D the pitch of five steps; and R the 
I tace-mould for the hand-rail, if it is intended to be 
cut out of the solid ; if otherwise, thin veneers 
should be glued round a cylinder, constructed for 
(he purpose, on which each step and riser must be 
marked, as shewn at A, hi order that the thin slips 
at b for the hand-rail, and those at a, for the string- 
ing-board, may be laid down correctly 
! To illustrate this subject as much as possible, we 
present our readers with several different kinds of 
staircases. ^ 

Figures 10, 11, 12, 13, 14, 15, 16 and 17 in Plate 
l,and Figures 1,2, 3, 4, 5, 6 , 7 in Plate 2, exhibit 
the plans and sections of different kinds of stair- 
cases; all of which maybe constructed upon true 
geometrical principles, and which will be found, 
when executed in a workmanlike manner, to comprise 
some of the finest, and most ingenious parts, of the 
elegant art of Joinery. 

From this variety of plans for staircases, it will be 
no difficult task to select such, as may be adapted 
to almost every species of building from the rural 
cottage to the magnificent villa; but the follow- 
ing 
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frig’ general rules should be attended to before any 
kina of staircase is erected. It will be necessary to 
consider, first, the height of the floof to which the 
staircase may ascend, secondly the rise and number 
of steps necessary for the height, thirdly, the best 
mode ofdividing the number of steps by such half- 
spaces, (or breathing places) as may be required on 
the iray, fourthly, the height of the space above the 
head, commonly called the head-way, and lastly, 
whether the breadth of the ascent be proportioned to j 
the whole building, and sufficient for the purpose in- | 
tended; so as to avoid the inconvenient meeting of 
persons ascending and descending at the same time. 
A staircase should in all cases, where practica- ! 
ble, be liberally supplied with light, in order to 
avoid slips, falls, &c. this light may proceed either 
from the sides, from a sky-light, or a cupola at the 
top, according as the nature of the situation will 
allow. 


Previously, however, to the commencement of the 
work, it will be proper to delineate a plan of the in- 
tended stairs, and to lay out the wnole in lodge- 
ment, which may be effected as follows. 

Admit that tiie parallelogram ABC D Jig. 8, re- 
present the plan of a rectangular staircase ; when 
respectively draw a b, b d, d c, and c a parallel to 
A B, B D, D C, and C A, and at a distance fronrH 
them, equal to the intended length of the steps, 
which may be from three feetto ten or twelve feet, 
as may be required, and within it draw the thick- 
ness of the hand rail. Next let d b, b a, and a c be 
divided into such a number of steps that the aggra- 
vate of tlteir several heights may be equal to the 
whole height to be ascended ; when, take the sum 
formed by the heights of the several steps included 
between d and b, mid at the distance draw G F par- 
allel to BD. 

Join F E, and produce the plan of each step, to 
meet it; then set up the heights of the first step, ami 
draw it parallel to B E, until it meet Abe base line 
of the second step, next set up the height of the se- 
cond step, draw it parallel to B E; and proceed it 
like manner to set up the heights of all the remain- 
ing steps unto F. 

Next after making B I equal to B G and drawing 
I K parallel to A B, at the point K begin to set uy 
the steps unto the point L, and draw L M parade' 
toN O ; make N M equal to N O and draw O 8 

C rallel to A C ; at P begin to set up the steps, as 
fore, unto Q, when Q T will be equal to the 
hciriit of the story, and the several figure*- B G F 
B I K L M N, together with A OP Qll S C, wid 
«hew the several sides of the staircase laid out in 
fedgement, as required. 

I f the workman examines and considers the pre- 
coding example in an attentive manner, he wiU 
joon learn to lay down any other staircase in 
lodgement. 

Mr Price offers the following observations on the 
forming of scrolls, &c. &c. 


“ First, form a scroll with chalk, or a pencil, 
agreeable to the bigness of the place in which it is 
to stand ; next resolve on the bigness of your stuff to 
be used for your rails, and also your mouldings on 
| the side thereof as in (). Let d, be the center of 
your chalked scroll in 1): on which describe, with 
the projection of your moulding* from C, the small 
circle d ; take from C half the bigness of the stuff, as 
e, g, ore, f, which add to the small circle, and form 
Jhe circle I., i, t which is the bigness of the eye of 
the scroll. This done, take the distance from i, to 
the inside of the rail, as t?e supposed chalked scroll, 
which suppose k ; with it, make a diminishing scale, 
by setting that distance up, from t, to 1; draw the 
line k, 1 ; place one foot of your compasses in k, de- 
scibe the part of a circle t, 8 ; which divide into 
eight equal parts, because here yoursupposed chalk- 
ed scroll was to come into its eye, or block, at one 
revolution of a circle. Scrolls may be made to any 
number of revolutions desired, by the same rule; 
Witness that above in Figure E. 

u Place one foot of your compares in d, describe 
the large circle w, 1, 1," u ; whicn always divide into 
eight parts, because you strike one-eighth part of a 
circle every time, till you come into the eye, or 
block i, t, h ; from the said divisions on the large 
circle, draw lines through, for on them your sections 
meet, which form the scroll. It is observable in 
drawing your sections, that they dont end in the line 
drawn through the great circle, only the outside 
scroll; for those of the inside scroll end on a line 
drawn to each respective center. 1 suppose A, and 
B, to be two steps : the rest 1 think cannot fail of 
being understood, by observing the letters and fi- 
gures, which shew each part distinctly. 

u lu order to make the squaring of a twisted-rail 
easy, see the plan F, which is the same as that in the 
foregoing, find the point of touch b. From these 
curves a mould nrustDe traced out, in order to form 
a sweep, which when applied on the rake, is agreea- 
ble to this of a, b, c, a, as that of K„ (it is first to 
be observed that you will want wood extraordinary, 
both on the top ofthe rail, as in L, at e, a ; and also 
under the same, as g, h.) To find which observe 
w ere your sweep begins in the plan F, as at a, c ; 
also observe, that o, andn, is the end ofthe twisted 
part ( Therefore from a, to n, divide into a numljer 
of equal parts, so as to transfer them on some line, as 
in M, from a, to n ; also divide the inside of F, as 
frorac, to o, into eoual parts, so as to transfer them 
on someline, as in N, from c, to t> ; take the distance 
e, a, in F ; apply it to the pitch-board, as from g, to 
e; take the pitcli board I, with it place e, to c, iu 
N ; draw the line d, q, and make the point s ; di- 
vide from d, to s, into eight equal parts, also from d, 
to o, into the same number; draw the lines which 
form a sweep, whose use shall be hereafter shewn. 

Likewise take the pitch-board I, and apply e, to a, 
in M ; draw the line e, p, and make tne point r ; 
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from e, to r, divide-into eight equal parts ; also from 
e, to n, do likewise ; draw straight lines from each 
division ; that curve shews how much wood is want- 
ing on the back of the rail, as b, t, which describe in 
h, from e, to a ; and there describe the bigness of 
the rail ; which shews how much wood is wanting 1 , 
as may be observed by what was said above. The 
other part of the twist is cut out of a parallel piece, 
as O. Which thickness extraordinary is shewn in 
■L, at e, a. 

“ To square the twisted part of the rail, having 
SO much wood extraordinary on the top and bottom, 
observe in F, from a, to e, and from c, to f, muqf be 
traced, as was above mentioned. Take a, e, in F, 
apply it to the pitch*board I, it shews g, i, which 
length place in K, from k, to i; also take from F, 
the distance b, d, apply it to the pitch-board 1, it 
shews g, m, which length place in K, fro hi I, to m. 
This done, trace out the raking mould K, agreeable 
to the plan F, which by inspection, and a little prac- 
tice will become easy, and without which nothing is 
known truly. 1 say the wood extraordinary being 
accounted for in L, both on the top and the bottom 
of the rail, observe to place your stroke f, in its true 
place, that is, at the beginning of the twisted part; 
take the raking mould K, set i, to f, in L ; there 
strike it by ; with the angle of your pitch-board des- 
cribe the pricked line f ; by the side of the rail, then 
apply the mould K, to the bottom ; set i, to this 
pricked line, and there describe by it, with your pen- 
cil ; lastly, cut that wood away ; also cut the re- 
maining part of the scroll out of the block, as O ; 
then flue these together, and beud both moulds. M, 
and N, round the rail ; strike them by that, aud cut 
the wood away ; so will the back of your rail be ex- 
actly square, and fit to work. 

“ You arc always to observe this general rule, viz. 
to conceive each respective paragraph as it occurs, 
before you begin another; the neglect of which, ap- 
pears by some who cannot conceive the particulars 
of the foregoing plate, although I had put it in so 
clear a light. 

“ I have here described three distinct methods of 
squaring the twisted part of a rail, which maybe 
known, and the rail squared, witli more ease than in 
the foregoing plate. But when done, they will not 
have that agreeable turn, in their twisted part, as 
they would have, if done by the foregoing unerring 
rule, as may more clearly appear, by the following 
explanation. 

“ That of P*, is the raking mould,, taken from K, 
(whose u>e and application was therein clearly 
shewn;) that of Q*, is the p»tch- board, taken from 
1, w hich gives the rake, or declivity of the raih 

“To B*, is shewn how to square a rail, without 
bending a templet round the twisted part thereof; 
and which is by being guided by the back; first des- 
cribe the bigness of the stuff to be used, as a, b, h, i,; 
Okiich shews botxmuch wood will bo wanted at bot- 


tom; supposing S*, to be the side of the mil. And 
because the grain of the wood should be agreeable 
to the falling of the twist, therefore consider bow 
many thicknesses of stuff will make the wood requir- 
ed to cut the twist out of ; as here three. There- 
fore as in S*, continue the line a, b; place one foot 
of your compasses in a, make the section, or part of 
a circle c, d: divide it into four parts, as 1,2, 3, 4, 
because the rail S*, mu^t be a) way- reckoned as one; 
this by inspection shews how the gram of the wood is 
to be managed, as appears by the shaj>e of the sever- 
al pieces, T*, U*, W*, which are better if cut so by 
the pitch-board, before glewed together.” 

“ In X*, is shewn how to square the twisted part, 
making the bottom your guide ; the section shews 
how much wood is wanted on the back. 

u (ri'Y*, is shewn how to square the twisted part, 
making a middle line on the back your guide; the 
section shews the wood wanting on the back, and at 
the bottom. 

That of Z*, may be cut out of a parallel piece, of 
the thickness of the intended rail, which when itii 
glued to the twisted part, will want little or no 
humouring. 

“ N. B. There is a nioety in working the nritrt 
thereof, as k, 1, m.” 

“ You are to observe, the foregoing plates mud 
be well understood, and then, in this Plate (S), the 
lengths of the newel, and be I lusters that stand 
under the twist or scroll are truly described; that 
is, their length and bevels may be known before the 
rail be put up in its place ; and that it may prove 
easy, observe the plan of the twist or scroll is the 
same as before, and so are the two steps P, acd 4J, , 
qnd the pitch board R. i 

First, resolve on the bigness of your ballustera, ( 
as a, b, c, d, e, f, ; and also the newel. Divide the , 
said ballusters truly on a line drawn in the middle 
of the rail ; for then, what is wide on one side, ii * 
narrower on the other It is for that reason I chuse 
to divide them on a middle line. Describe the pin® , 
of the ballusters,' as p, q ; r, s; t, w; u, w;M> 
and z; for there your twisted part ends; fro® i 
thence to the eye is level, i 

“ Observe where your scroll begins, as at 1 ; and 
on aonae line, as above, is V ; first make a point at , 
1 ; then from your plan take the distances p, q ; r,$; i 
t, v; u, w ; x,y; and z; which transfer, as above,! 
observing to have regard to place truly each di* 
tance from 1, both ways, us p, r, e ; t, v ; 
x, y ; and z. — ‘Observe also, to take from the ph® 
the distance from 1, to *n, which apply to the pitch 
board R, as from h, to n. which gives the length h, 
o; take this pitch board, and apply it o« the line 
above, which by inspection the letter* will sbew^ 
this gives the slope of the rail, as h, o, &c. 
o, to h, and form h, to y, from the curve by equ» 
divisions, and drawing straight lines, as was feeloft 
shewn. „ . 
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* Lastly, having the lengths of vour fixed bal- 
{asters, as a, b, describe the steps S, and T, with 
the pitch board. So that by continuing perpendicu- 
lar lines, from the points on the line first terminat- 
ed, to the said curve, and to the step*, you have 
the accurate lengths of the bal lusters, as a, b, c, d. 
e, f, the newel g,~ being the same length as f, be- 
cause at f, or z, the twisted part ends. 

44 The curve of the first, or curtail step P, is 
formed by the same rule as delivered* for the plan of 
the rail. 

“ It may not be amiss to observe, particularly the 
point of the 9weep, or curves beginning, and being 
particular also m its application, by which this, ana 
the foregoing, though represented with but two steps 
is the same in fact, as though I had described a 
whole flight, to shew its use. 

He further observes, that “ zealous tQ promote 
what may be useful, in this plate, 1 have made easy 
the difficulty of squaring a rail that ramps oil a cir- 
cular base. 

44 Observe, W, is the plata qf a stair case ; and at 
the landing is a quarter circle; to make this easy ; 
in X, 19 three s eps, described by a larger scale. 
Likewise in Y, is the plan of the rail, as was before 
shewn in Plate 2. A considerable thickness of 
wood more than usual, is required on the. back of 
this rail, as in &, at p, b; which w ill appear more 
plain by inspecting Plate 2 ; as also the method to 
trace vour moulds that shall bend round the said 
rail. Let tho sides be squared as was shewn m 
Plate 2. Observe here in l igvrt 2, the line k, p, 
o: take the distance k, p, and place it on some line, 
tt pleasure, as in Z, then divide the outer circle ui 
Y, iuto a number of equal parts, as into six, as from 
g, to b 9 which transfer to Z, an g, 1, 2 , 3, 4, 5, 6, h. 
The point of the ramp may be observed, to fall witb- 
ia the fifth division, as at s, so that by the intersec- 
tion of straight lines, and equal divisions, you de- 
scribe the sweep for the ramp g, b, which makes Z, 
the mould to bend round the outside of the said 
tail. 

44 Observe aho in Y , 4 frpm b, to f, divide it into 
nx equal parte, which transfer to #, as from e, to t\ 
(and observe again,) the ramp (alls within the fifth 
division, as at r. So divide the distance from e, to 
ft and from g, to b, into equal parts, and by drawing 
*tnnght lines, you have the sweep b, e. From the 
point b, to p, is the thickness you want to be added, 
extraordinary to the back of the rail &, and wide' 
is file inner mould; no that by bending both these 
toottMs Tousd the rail, and by drawing them with a 
pencil, and cutting away the superfluous wood you 
have an exact square back. There seems no dtffi. 
«iUy now left, tin mentioned, to square twisted rads 
in any form whatever. 

44 Recawac I have &U along strove to give variety, 
observe M ; in which is shewn a method to have 
jouriewel under a , twist, the same length os the 


% 

rest ; by which means also the rail twists no farther 
than the fir«t quarter, and consequently the remain- 
ing part may ne cut out of a plank, of the thickness 
of our rail, without twisting at all. There seems 
no explanation wanting to clear this point, but in- 
spection, and a good conception of Plate 2 In thip 
of M, 1, f, is the thickness of woqd extraordinary 
wanting on the back of the rail. 

OF DOORS AND WINDOWS. 

In forming the apertures ot doors, whether arched 
or quadrangular, tne height should, in general, be 
about double tlieir breadth, or a little more. It was 
necessity, most probably, that gave birth to this pro- 
portion, which habit has confirmed and rendered ab- 
solute. TJie disposition of doors and windows, and * 
assigning to them their proper dimensions, accord- 
ing to the purposes for which they are intended, are 
not the business of the Joiner, but of the Architect ; 
for which reason we shall here advert only to the 
common method of decorating doors and windows, 
the former of which have an architrave, around the 
sides and top of the aperture, with a regular frieze 
and cornice upon it. In some cases, the cornice is 
supported by a console, on each side of the door, and 
sometimes, besides an architrave, the aperture is 
adorned with columns, pilasters, &c. which support 
a regular entablature, with a pediment, or with some 
other termination, either in architecture or sculp- 
ture. Front doors, intended to be ornamented with, 
any of the orders, should not be less than three feet 
six inches wide; the keight/Sliould betwice the width 
and one sixth part more, which migh. also be the 
height of the column ; the abacus may he then taken 
out of that dimension, in order to separate 
the door from the fan light/ The windows of the 
principal door are generally most enriched. The 
simplest met I tod of adorning them is, with an archie 
trave surrounding the aperture, and crowned with a 
frieze or cornice. The windows of the ground floor 
are sometimes left entirely destitute of any orna- 
ment ; at other times are surrounded with rustics. or 
a regular architrave having a fire ire or cornice. The 
windowaef the second floor, have generally an archi- 
trave carried entirely round the aperture; and the 
-a me method is adopted in adorning attic nfl 
IHezzanine windows; but 'the two latter seldom 
possess either frieze or cornice; while the window* 
of the second floor are often crowned with both. 

Mr Price offers the following observations on the 
proportions necessary to be observed in ornamenting 
door*, windows, &c. 

The widlhof either being given, make its heighf 
*qual to two diameters; or two diameters ana 
i^tb part; which, is esteemed as the best proportion. 
The said width being made as the use mid convex 
oiency of the place allows, divide it into six equaj > 
parts, one pf which is for tire architrave as in R; 
Plate 4, which being divided into four equal parU^ 
three give the height of- the frieze S wl five, such 
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parts give the height of the cornice T ; all which is 
easily conceived by the scale, therefore to my think- 
ing can want no explanation, otherwise than due in- 
spection. 

“ Again, admit that of V, was an architrave pro- 
portioned as before. U, being the frieze, and W, the 
cornice, the method is as before, (the ornaments only 
varying:) these members will be easily conceived, 
bv duly inspecting the scales; and as to the curves 
of nach molding, enough seems to have been shewn 
in t'-e foregoing plates. 

“ N. B. The first face of the architrave should 
"be as far from the frame of the door, or window, as 
the breadth of the whole architrave; observe also 
-"that tins proportion is taken from the width between 
one architrave and the other, as will be shewn in its 
*dm placp. 

“ Admit the architrave X, were one sixth part of 
th'- opening: which being divided into four parts, 
as before, the frieze Y, has three such parts, and an 
half, as appears by the scale; and the cornice Z, 
has five parts as in the other examples. Each of 
these cornices projects equal to their height; and the 
frieze in all being formed by an equilateral triangle, 
made with one third part thereof, gives the projec- 
tion of the architrave; whose parts are shewn dis- 
tinctly, by the scales. 

u The architrave A, being one sixth part of the 
opening; is divided into four parts ; of which, the 
frieze B, has three and one fourth ; and cornice C, 
lias five such parts. So that here are four manners 
of forming the ornaments of doors and windows ac- 
cording to Palladio. 

With regard to the hanging of doors, shutters, or 
flaps With hinges, rare should always be taken to 
place the centre of the hinge in the middle of the 
joint; but, as in many canes there is a necessity for 
throwing back a flap to some distance from the 
joint; the distance between the joint, and the in- 
tended point, must be divided into two equal parts, 
which point of division will denote the situation of | 
the centre of the hinge. Sometimes doors are re- 
quired to l)e hung in such a manner, that when 
folded back, they shall be at a certain distance from 
each other, as is frequently desirable in Churches 
and Chapels, this may be easily effected by hinges, 
with knees projecting to half that distance. 

In all elegant rooms, it is necessary to contrive, 
that the doors when opened, should pass clear over 
the carpet ; now, it is evident, that this cannot be 
the case,* if the jamb on which the door hangs, is 
truly perpendicular, and the bottom of the door is 
dose to the floor, as the bottom of doors commonly 
are. An inconsiderate observer might recommend 
a part of the bottom of the door to be cut off, in 
order to permit its free passage over the carpet, but 
still, when the door is shut, an open space will in- 
tervene betw een it and -the floor, unless as in some 
cases, the carpet is continued through the opening 


of the door to an adjoining passage or room; When 
this is not the case, the room will be rendered cold 
and uncomfortable ; and the necessity of contriving 
some method to remedy the defect, becomes imme- 
diately obvious. This remedy may always be 
found by hanging the door with rising hinges, con- 
structed for the purpose, with a spiral groove, which 
winding round the knuckle as the* door opens, 
gives it a free passage over the carpet. Hinges, 
however, thus constructed, requires tnat the door 
should be bevelled at the top next to the ledge or 
door catch, in proportion to their rise at one quar- 
ter of their revolution. 

This is the most elegant and effectual mode of 
enabling a door to bear the carpet; but venous 
other modes were made use of, before the discovery 
of rising hinges. Such as raising the floor under 
the door, as much as the thickness of the carpet 
might require. Making the knuckle of the bottom 
hinge project an eighth of an inch beyond' the per- 
pendicular direction of the top hinge, — fixing the 
jamb to which the door might be hung, about the 
eighth of an inch out of the perpendicular; and 
placing a common butt hinge at the top, and one 
with a projecting knee at the bottom. 

These modes may lie practised on common occa- 
sions, but where elegance and accuracy are requir- 
ed, the former method is entitled to a decided pre- 
ference. 

We proceed now to quote from the before men- 
tioned author a The Proportions of Pediments <wi 
their Dependants . 

To raise the pitch, or slope of a pediment, with 
grace and beauty, says Palladio, divide the width 
given into nine equal parts, two of which will be itfi 
perpendicular height, as in D ; for, says he, if it rise 
one fourth of its width, it will be too high; and if 
one fifth, it will be teo low. Therefore the mo9t 
oraely proportion, will be two ninths as before. 

“ And in consideration that no pediment can be 
performed without two kinds of cornice, (except 
it be kneed at its bottoAi or springing, which w 
reckoned a kind of detect, ) therefore to give each of 
the cymas such a shape or curve, as shall agree m 
their miter, do thus. Describe the curve of the 
level cornice F, ( Plate 4,) as a, b, c, by two such 
portions of circles, as that the centers, for forming 
each, may be on an horizontal, or level line, drawn 
through the middle of the said cyma; as * * c,d; 
being the projecture thereof. Draw lines from the 
points of the said cyma, agreeable to the slope of 
the pediment, which gives or terminates the big- 
ness of the raking cornice or cyma G; so that by 
drawing a line through the middle of the said mem- 
ber, on it are the centers * *, by which the curves 
e, f, g are described ; the projecture g, h, being as 
before. In case a break or return be made in the 
pediment, then another kind of cyma must be form- 
ed, which shall agree with the two former, as H , the 
* ^ centers 
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centers for forming each curve, being on an horizon- 
tal line drawn through the roiddleoi the cyma, as be- 
fore; i, k, 1, is the curve whose qirojecture as be- 
fore is 1, m; these three kinds of cornice being thus 
formed, will agree with each other, without the 
trouble of tracing. But if the given curve be not 
described as before, then observe the method propos- 
ed in I; by which the curve of any raking moulding 
whatever, may be truly described. Admit the cor- 
nice given were K; n, o, p, being its curve, and p, 
(f, its projecture; by making points on the said 
curve, draw lines from them, agreeable to the slope 
ofthe pediment, on which place each respective 
projecture fronfi K, to L, so is r, s, t, its curve, the 
projecture being t, ti, as before. And if a break or 
return be made as M, then transfer the several pro- 
jectures from K, observing that the points be on the 
lines drawn agreeable to the rake ofthe pediment, so 
will w, x, y, be the curve, and y, z, the projecture as 
before; which no doubt but inspection explains. 

LAYING OF FLOORS. 

The chief excellence of a floor, consists in its 
being perfectly level, and no higher in any one part 
than another ; but experience teaches, that this de- 
sirableobject must frequently be sacrificed to consider- 
ations of convenience. The mode recommended for 
hanging doors, ftimishes a sufficient proof of the cor- 
rectness of this observation. A frequent defect is ob- 
servable in floors, (the origin of which may 
be attributed to the carpenter) arising from 
their sinking in the middle, or in those parts 
that are unsupported, which circumstance demon- 
strates how necessary tt is that every floor should 
possess tk certain degree of camber, in order that 
when it settles or the mohture has exhaled, it may be 
as near to a plane as possible.— When the joists are 
depressed in the middle, it will be proper to fur them 
up- on the contrwy, when they project in the middle, 
they ought to “be reduced by the adze; the former 
however, is most generally tne case. 

The joints of flooring boards, ire either square, 

^ ><1 and tongued, rebatted or dowelled ; the 
s being nailed on each edge, when the joints are 
square, or plowed and tongued; but wlien the dowel 
work is executed in a proper manner, the outer 
edge only is nailed, and this is effected by driving 
the brad, in an oblique direction, through the edge, 
without suffering; it to pass through the upper sur- 
face of the board. The neadfngs are in some cases 
square; in others splayed or plowed, and ton- 
gued. 

GROUNDS, 

Are pieces of wood fixed to the wall around doors, 
windows, &c. for the purpose of receiving the ar- 
chitraves; tbev are also fixed in different positions 
in rooms, in order to receive the various kinds of 
mouldings required in ornamenting the same, such 
as bases, surbases, chimney pieces Sfcc. &c. Now as 


nothing has a more dissagreeable effect to the eye, 
than the untrue appearance of any work of this kind, 
it is absolutely necessaiy if the workman would 
avoid deformity, to fix all grounds in a true vertical 
position, both on their edge and face, and in a firm 
and solid manner to the wall. 

OF GLUING UP THE BASE, SIIAFT, AND CAPITAL 
OF COLUMNS. 

To each order belongs a particular kind of base, 
dnfr the first operation required, is that of gluing up 
tlfe base. 

Figure 1, Plate 5, exhibits the mode of mitring ’ 
the bottom course together, which must be effected : 
on a perfectly flat board, and by fitting all the joints % 
as close as possible. When the course has been well 
glued together, mid secured on the inside with 
blocks at the several angles, the top of the course 
must be planed quite smooth and out of winding; ; 
after this, the next course must be <*lued on, and the 
joint must be broken in the middle of the under 
course, (as shewn by the dotted lines in the plate) 
by which means as many courses can be glued down 
as may be required. When the whole is thorough- 
ly dry, the operations of the turner may com- 
mence. 

The shaft of a column should be glued up in 
eight or more staves, according to its intended di- 
mensions ; but care should be always taken to have 
the joint m the middle of a fillet, and not in a flute, 
which would impair its strength very much. 

Figures 3, and 3, shew a plan of the upper and 
lower ends, or the horizontal section at top and bot- ' 
tom. If eight pieces are sufficient to form the 
column, let an octagon be described round the ends, 
and let lines be drawn from each angle of the octar 
gon to the centre ; when the bevel of the edges of 
the staves will be given for the joints, which must be 
quite straight from top to bottom, though the staves 
be narrower at the top, as shewn m^/zg. 3. These 
staves must be of sufficient thickness, because their 
outsides have to assume a curvature proportioned to 
the swell ofthe column by means of a diminishing 
role ; next glue the pieces together one after the 
other as the glue dries ; block them well at the cor- 
ners in the inside, which will greatly strengthen the 
joints ; and proceed in this manner to the last stave; 
but all the blocks must be glued on and dried, be- 
fore the last stave can be fastened. Pieces, however, 
may be glued quite across for the last stave, and fix* 
ed.to the inside ofthe two adjoining staves, or they 
may be fixed by screws to each stave : in which 
case the under side of the last stave must be planed 
so as to rub well on the cross pieces. 

When the stave is put in, and glued upon the 
cross pieces, it may be driven tight home, like a 
wedge, and the whole will be firm and substantial 
throughout ; great care, nevertheless, ought to be 
taken, as to preparing the staves and blocks out of 
3 H wood 
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wood, thoroughly dry, because, after the lapse of they may both expaud'aad shrink alike, when aifeoU 

some time, if the wood be moist, the column will ed by the weather. 

be in danger of falling to pieces at the joints. It of. gluing up the ionic capital* 

will be necessary also to make each piece according Figure 4, represents the mode practised in gluiog 
to the plan, for a trifliog error in any one piece, will up a capital* The parts denoted by B B, &c am 
make a verv material difference hi the column after triangular blocks of wood^glued upon the front, 

gluing. When the glue used m combining the in order to complete the angular square: upoa 

column is dry, the angles must be regularly worked them the pieces A, A, A, &c. are glued, and this i§ 

off all round ; and the column will then have double considered the best method of gluing up the capital* 
the number of sides, or cants, bearing a proportion* Another method is, to glue the triangular blocks 

able regularity to each other. Proceed in a similar , j C, C, at thy angle of the abacus, then the four sides 

manner tq work off the angles as before, so as to of the abacus as D, E, F,.inay be made of one entire 

make the sides, or cant of the column ciuite regular. length, and mitred at the horns, or they may have a 

Lastly, let a plan be formed, in oraer to lit the joint in the middle of the abaci*?, where tiie rose is 

curve of the column at the bottom, or render it placed, as the workman shall think fit : this method 

rather flatter, then round off all the angles, until will do either for a column, or a pilaster, 

the surface of the column is perfectly smooth. /One Figures 5, and 6, are designs of shop fronts, 

thing to be observed, with respect to the moulds Figured, shews the method of bending a cornice 

employed in jointing the staves together, is, that round the internal part of a circular body on, the 
they cannot l)e considered as exactly true when ap- spring. 

plied in a direction perpendicular to the joint. The Figure 8, exhibits the mode oC bending a cornice 
most correct*mode, is that made use of in finding round the external part of a circular body. On the 

the backing of a hip rafter, which has been already spring, draw the lines A B, to the centre of the 

noticed ; but thi9 exactness, nevertheless, is not body C B ; and describe the arch line D E, G F, 
always attended to, in consequence of the difficulty which wiU.be the edge of the cornice, . wbeu bent 

of discerning the deviation in some instances. When straight round the body* 

the column is. quite finished,, it should be well Figure 9, exhibits the mode of describing angle 

painted, by way of protection from the effects of the . bars, for shop frouts. A, represents a common bar, 
weather. and B, the angle bar, which is of the same thickness 

Sometimes columns are glued up in two halves, and placed in its intended position ; draw a, a,, per* 

in which cases those two halves are glued together, | penaicular to a, m, intersecting the side of the angle 
and the blockings are introduced a considerable bar in a, then take the distance a, a, on the angle 

way by band ; but if the column be too lotog, a rod bar, and lay it from a, on the common bar, so as if 

of sufficient length may be used. Both these may intersect its middle in a, also ; join tiie points 

methods have some inconveniences, which cannot a a, and draw bb,cc,dd, &c. in the same in a 

be avoided ; by the former method, the last joints parallel direction to a a ; next, draw from the points 

cannot be rubbed together from the obstacle present* b, c, d, &c. in A, the dotted lines b b, c c, d d, 

ed by the tapering of the stave; but if this be glued & c. to intersect the middle of the angular bon in b, 

quickly, it will be pretty sound ; by the latter me- c, d, &c. then lay ff from these points in theaogu- 

thod there wUl be an uncertainty of the blockings lar bar, the several distances b b,. c c, d d, &e. 

being sound. In all cases, however,, care should be respectively equal to b b, c c, d d, &c. in thacom* 

taken to place the grain of the blocking, piece in t*.te noon bar, which, on being traced out wiU give the 

same direction as the grain of the column, so as that proper form of the angle bar* 

END OF CAR9EKTAY AND JOLNEfiW. 
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CARVING AND GILDING. 


The operations of carving and gilding are usual lj 
connected as one trade, though in (act they are total- 
ly distinct branches of manufacture, performed by 
different persons, and generally in different houses. 
The art of gilding depends chiefly on the materials 
made use of, but in carving much ingenuity is re- 
quired on the part of the workman, if he would ex- 
cel, and obtain the reputation of a designer as well 
as the character of a mere workman. 

C otrvnur .— lathe art or act of cutting or fashion- 
ing a hari body, by means of some sharp instrument, 
especially a chisel. In this general sense of the 
term, it may be said to include statuary and engrav- 
ing, but our business is with carving in wood. To 
do this the figure or design should be eitheC modell- 
ed in clay or drawn on the wood to be carved. 
When the design is drawn on the block intended for 
use, the other parts of the wood which are not cover- 
ed by the lines of the designs are to lie cut away 
with instruments, as chisels, sharp pointed knives, 
drc. adapted to the purpose. The wood that is best 
fitted for fine carving is that which is hard, tough, 
and close, and to prepare it for the business, and for 
receiving the design, it must be washed over with a 
mixture of White lead and water, by which it will 
take the ink or crayon, without the smallest difficulty. 
Sometimes the design is drawn on paper, and past- 
ed on the? block ; in this case the wnhening is omitt- 
ed, and it is sufficient if the wood be planed smooth 
and even. Then moistening the figured-side of* the 
design with a solution of gam tragacanth in water, 
the workman put 9 it very evenly on the block, and 
when it is quite dry, he wets it slightly, end frets off 
the surface of the paper gently, tdl all the strokes of 
the figure appear distinct* It is now adapted to 
the operation of thfe carver, or the cutter in wood. 

Carving in wood has long been in the back- 
ground, as a branch of the arts, nor can this be won- 
dered at, when the methods in which it is commonly 
taught and practiced are considered. A boy with 
very little education, and no previous knowledge in' 
drawing, is bound apprentice to a carver, and is ex- 
pected to go to his bench and follow the beaten track 
of thbse Who are acquainted only with the practical 
part of the trade, and who can give ncr reasons for 
the rules which their experience suggests. Among 
the men who are at all capable of instructing the boy 
in a proper manner, there are very few who will 


I take much concern or trouble about the business. They ' 
are indeed, sometimes generous enough to tell him 
that it is only by gaining a competent knowledge of 
drawing and modelling, that he can succeed; ana ad- 
vise him to devote his leisure hours to this purpose, 
a sacrifice which a youth is seldom inclined to make 9 
and therefore at the end of seven years he 19 sent in- 
to the world as a carver, with as little knowledge as 
those whom he has been obliged servilely to imi- 
tate during the whole of** his apprenticeship. This 
ignorance might have been fully obviated, if tlie 
youth had been previously instructed in drawing and 
modelling; by means of which a person would at- 
tain much higher degrees of perfection, in carv ing, in 
in the short space of two years, than those who nave 
practiced for twenty, * without these advantages. 
There are only eleven master carvers in London, 
and about sixty Journeymen (though at one time 
there were six hundred) many of the latter are now 
very old. They makeno shew of their work, and live 
only in private houses. • In trade they are principal- 
ly known to the upholsterers, are a distinct class 
from those Who keep shops and write u Carvers and * 
Gilders” over their doors, for it can be proved, that 
hundreds of the latter never saw a carving tool ill 
theirlives. 

Enough has now been said to shew that in order 
to obtain perfection, or indeed any real knowledge 
in carving, it is necessary to have a sufficient know 
ledge of drawing to make a good sketch, and to be 
able to model what is required to be carved. Mo- 
delling day is prepared and sold at the potteries, 
and requires only to be kept damp.' Carving in 
wood is principally confined to foliage^ shells, 
scrolls and such likeornaments. A leaf appears to 
be one of the best subjects tor a carver to < model. 
He should copy from nature, and select one, the 
form, undulations and terms of which are pleasing 
to the eye. The dock leaf and that of the rhubarb 
plant, are admirably adapted to the purpose. On a 
piece of wood about halt an inch thica, and of a size 

K r^oned to the leaf to be copied, the clay must 
med into a rough imitation of it; the fingers 
are at first the principal tools to be used, yet for* 
those parts Which they cannot reach, and those # 
touches which they cannot accomplish, it will be 
necessary to use a modelling tool. Having succeed- 
ed in modelling the subject to be carved, it will be 

necessanp*. 
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necessaiy to make the mould, and cast it m plaster 
of Paris, for the clay is difficult to preserve, unless 
- baked in a kiln. The mould is made in the fol- 
lowing manner; plaster of Paris, which easily mixes 
with water, should be made of the consistency of] 
thick cream, and should be spread all over the mo- 
del. When the planter is set, the board should 
.then be removed, the clay picked carefully out, and 
a mould will be obtained, called a waste mould, 
which must be left in cold water for a quarter of an 
hour. When -used as a cast, it should be rubbed 
over with^a mixture of hogs lard, and the droppings 
of sweet oil. The plaster of Paris is to be mixed as 
before, and poured into the mould, which afterwards 
should be knocked off with a chisel and mallet, by 
small pieces at a time, a leaf will then appear of the 
iame form as that modelled in clay, which the carver 
may proceed to copy in any sort of wood, but lime 
tree is the best suited to beginners. 

The tools used for carving, are of various forms 
and sizes ; the best, and indeed almost the only ones 
that are fit for use, are made by Mr. Addis, of Dept- 
ford, but they are sold by different ironmongers in 
London. In proceeding to carve, it is best to make 
a rough sketch on the wood, which can be after- 
wards paired to the outline ; for all small work, the 
superfluous wood may be cut away with the tool in 
the hand, but when large, a mallet will be necessa- 
ry ; the hand will soon, by practice, become accus- 
tomed to the use of it. 

Carving is most interesting work, and a person 
Soon gets a zest for it, and is astonished to see what 
a few cuts will produce, if copied from a good model 
made by his own, or some more skilful hand. 
Many carvers can produce common figures, but to 
carve the human figure, it is necessaiy to know 
Anatomy, for-without that knowledge, though the 
figures maybe called pretty by those who Cannot 
distinguish the defects, to others who are good 
judges, they will appear poor, and sometimes highly 
ludicrous. 

The operation of carving may be greatly assisted 
by an instrument similar to one used by sculptors, 
and called a gallows, which any common joiner can 
make ( see Plate Miscellanies, Figure 1 ). A, is 
a slide that moves over any part of the model, B B, 
another that can be raised or depressed, to get the 
heights and depths, and is fitted to them by means 
of a screw. The method of using this instrument, is 
easily understood, and is very simple ; it is merely 
held'in the hand, and rests upon the two legs C G. 

In sharpening the tools, care must be taken to 
bevel them equally from both sides, the large.ones 
on a grinding stone, and the small ones on a rag 
stone ; they must be set with slips of Turkey stone ; 
four sizes will answer all sorts of tools. To shar- 
pen the inside of the crooked tools, a little machine 
much resembling a common spinning wheel, is used, 
the wheel of it should be about fourteen inches iu 


diameter, a handle should be affixed to turn it, the 
spindle should be square, with small circles of lead 
fitted on it shaped according to the sweep or form of 
the tool ; a little sand and water facilitates the sharp- 
ening. The carvers make this machine for their 
own use, for the value of a few shillings. 

GILDING. 

The art of gilding or laying a thin superficial 
coating of metal on wood, and other substances, has 
been loi g practised and highly esteemed, both for 
its utility and the splendid effect which it produces. 
Gold, from its great beauty, aod from the length of 
tunc during winch it may be exposed to the action 
of the air without tarnishing, is unquestionably the 
most valuable of all substances for the purposes of 
decoration ; but on account of its great price, and 
weight, it can only be used, for general purposes, in 
the shape of a fine skin, or leaf, as it is usually called. 
(Hold is the most malleable and ductile of all sub- 
stances, and therefore a given weight of it, notwith- 
standing its high specific gravity, may, by beating, 
be made to cover a larger suiface, than an equal 
quantity of any other body whatever 

The different states in which gold is U9ed for the 
purposes of gilding, are the following; (1) in the 
shape ofleaf gold of different degrees of thickness, 
and formed either of the pure metal, or of an alio? 
of this with silver ; (2) as an amalgam of gold; ana 
(S) in gold powder. 

The leaf- gold is procured by the gilder from the 
gold-beater, whose art consists in hammering a 
number of thin rolled plates of the metal, between 
skins or animal membranes, 

The amalgam of gold is made by heating in a 
crucible, some pure quick-silver; and when it is 
nearly in the boning state, about the sixth part of 
its weight of flue gold in thin plates, heated red hot, 
is to be immersed in it. The mixture soon becomes 
homogenous, and then it is allowed to cool. When 
cold it is to. be put in a piece of soft leather, artd by 
gradual pressure, the fluid part of the amalgam con- 
sisting almost wholly of mercury, may be forced 
through the pores of the leather, while the gold, com- 
I bined with about twice its weight of mercury, 
will remain behind, forming a yellow silvery mass 
i of the consistency of .butter. This, after being 
bruised and ground in a mortar, or shaken in a 
|! strong phial, with repeated portions of salt and 
j. water, till the water comes away quite clear and un- 
, ; soiled, is fit for use* and may be kept for any length 
?! of time, without injuring, m a corked phiaL 
| j It is of the utmost importance, that the materials 

*' of this amalgam, and especially the mercuiy, should 
, be perfectly pure, as the least portion *of lead or bis- 
muth would very materially injure the oeautyofthe 
;; gilding, by deteriorating the colour of the gold, and 
| filling it with black specks. 

Goldin powder, is prepared by three different 
.methods ; the first and most simple is, to put into * 
■ glass or earthen mortar, some gold leaf with a little 

honey # 
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lion ej, or thick cum water, and to grind the mixture 
for a considerate time, till the gold is reduced to 
extremely minute fragments, when this is done, the 
honey or gum may be washed away, leaving the gold 
behind in a flaky or pulverulent state. A more ef 
factual and quicker method of reducing gold to a 
state of powder, is to dissolve it in Aqua Regia, or, 
as it is denominated in the new chemistry, in nitro- 
muriatic acid, and then precipiate it with a piece of 
copper. The precipitate, after being digested in 
distilled vinegar, ana then washed with pure water 
and dried, is in the form of a very fine powder, and 
is said to work better, and is fitter for burnishing 
than the powder obtained from leaf-gold. The very 
finest ground gold is produced by heating very gra- 
dually the gold amalgam, already described in an 
open eartheu vessel, and containing the fire till the 
whole of the mercury is evaporated, talcing care 
that the amalgam shall be constantly stirred with a 
rod of glass, to prevent the particles of gold from 
adhering as the mercury flies off. When the mercu- 
ry is completely evaporated, the residual gold 
being then ground iu a Wedgwood-ware mortar, 
with a little water and afterwards dried is tit for 
use. 

Gilding is performed either with or without heat. 
By the. first of these methods, those substances are 
gilt which are nrft liable to alteration, by exposure 
to a moderate heat, such as metals, glass, and por- 
celain* The second method is practised with those 
substances as wood, paper, lead &c. which would 
b? destroyed by being raised to a temperature requi- 
site for gilding the former. Our business is chiefly 
with wood. 

Gilding on wood, both in oil and burnish, is at 

{ recent at its highest perfection, and is executed in 
•ondon, better than in any other part of the world. 
That which is brought from France and other parts 
of the Continent, is by no means equal ; not that it 
is tb be inferred from hence, that gilding is well ex- 
ecuted by all who undertake it in the Metropolis 
Many men who. have worked there all their lives, 
are unable properly to gild a common picture frame, 
though they get employment, a».d give satisfaction. 
It is however hoped a better judgement will be form- 
ed from the instructions here given, from which it 
lias been knowu, that a person bred a cabinetmaker, 
who never before saw gilding, has accomplished the 
^ork in the best style in the course of six months. 

Of about 150 persons, who call themselves carvers 
ind gilders, the greater number are gilders only ; 
they live in private streets, and make no shew of 
their work. 

BURNISHED GILDING ON WOQO. 

To begin with picture frames or mouldings, which 
%re the simplest. In an earthen pan that will hold 
a quart, take three half pints of strong size, make it 
very hot, but dp not let it boil ; add some of the best 
whiting powdered fine, mix them with a brush, 


| kept for the purpose, or beat them with a piece of 
| latn as an egg is beaten, till they become thorough* 
ly incorporated, and of the consistency of thick 
cream; put a little of this mixture, with an equal 
quantity of strong size, into a smaller pan, heat it 
till nearly boiling, and with a stiff brush, lay it over, 
the whole work, in order to clean away any dirt, 
grease, or hand marks; this is called thin whitening 
the work, and makes a ground for the other opera- 
tions. When the wood is veiy dirty,, it is absolutely 
necessary, to wash it all over with a spunge and hot 
water, before the thin white » applied, which pre- 
caution will prevent the chipping up of the prepara- 
tion. When burnished, the coat of thin white 
should be particularly well dried ; after which the 
work is to receive four more coats of that which 
was made of the consistency of cream warmed, but 
not made so hot, as for their whitening, taking care 
that one coat is dry before another is applied. 
Here it is necessaiy to observe that, throughout this 
process, one coat must be diy before another is laid 
on, whatever may be the composition U9ed. The 
sixth coat, which is also of thick white, must be 
laid on by passing the brush in a smooth, even, and 
flowing manner, over two feet of the wort at a time, 
in order to gain a surface and facilitate the smooth- 
ing, hereafter to be described. Before the whiten- 
ing is dry, the flat parts should be rubbed down 
with a chisel, the hollows with a gouge, and the 
rounds with the finger, or fingers, as most conven- 
ient ; should the hollows be too large for a gouge, 
the finger will answer every purpose. When dry, 
any superfluous whitening that may have fallen over 
the edges of the mouldings &c. may be slightly par* 
edoff with a chisel or a gouge, according as the 
parts are situated ; then give it a seventh coat, si- 
milar to the preceding, and it will be ready for 
smoothing, which should be performed in the fol- 
lowing manner. 

Take some close grained pumice stone, and with 
a sash saw, (an old one will answer the purpose,) 
cut it into pieces about three or four inches long; 
(if the work be very small, an inch or inch and 
half will do) fit them to the different mould- 
ings, usinga rasp to form the rounds, and a gouge the 
hollows. The flats are to be made by rubbing a 
piece of the pumice on a smooth stone, making tho 
sides at right angles, that it may smooth two sides at 
a time. During these operations, the pumice must 
be, frequently dipped in water. Lay the pieces thus 
prepared, in a targe earthen pan full of water, not 
less than two quarts, take a hogs hair brush and a 
spunge* both of convenient sizes, dip the brush in 
the water, a.»d wet about two feet of the work at a 
time, taking the mouldings alternately; theu, with 
the pumice already fitted, rub up and down till a 
smooth surface is obtuined, remove the w ater with 
the brush, and squeeze it into the pan, what 
remains, may he taken oft* with the sponge 
I " 3 1 which 
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which will complete the smoothing of that piece, i 
■ Proceed in the Mjune manner, with similar por- 1 
tious, for if too much be wetted at a time, .the white- | 
n ns: becomes soft and unfit to bear the pumice stone; 
tii hrames must then be set aside to diy. In carv- 
ed work, the operation of whitening and smoothing, 
iMfers somewhat from the preceding. After the 
thin white is dry, the coats that follow most be ra- 
ther weaker, and not so thick, as for frames or 
moulding^; they are to be laid on bv carrying the 
brush over the work, in an even and smooth, but 
nat (lowing manner,. To smooth, or produce the 
surface that is required, pieces of lime- wood, or fir, 
soaked in water, instead of pumice, are used, shaped 
round, flat, or angular, as may be found necessary, 
occasionally w rapping round them strips of coarse 
linen cloth. In smoothing, care must be taken not 
to rub off too much of the whitening, or the gilding 
will look poor, and prevent the burnishing of those 
parts thereby brought too near the wood. The dry- 
ing may be hastened in summer by the sun, in win- 
ter by placing before the fire, not too near, or the 
whitening will chip. Mix a little strong size, with 
Tour times as much water, in a half pint earthen pan; 
these proportions should be adapted so as to maxe it 
three parts full, add a quantity twice the size of a 
large wall-nut, and half as much . prepared yellow 
stone ochre, mix them well together, w ith a brush, 
and coat the work once over, when dry, rub it 
slightly with glass paper, half worn out; to im- 
prove the surface, and proceed to mix and lay on the 
gold size. in another half pint earthen pan, 
half full of cloar size, mix a quantity of burnished 
gold size, twice as big as a large wall-nut, with 
which, coat the work twice over. When diy, bur- 
nish the parts intended to be matted with a burnish- 
ing stone, and then give it another coat of the same 
g<dd size, it must now be reduced by adding to it 
about two tea-spoons full of water, and as much 
gold size as you can take upon the point of a knife, 
coat those parts only, that are intended to be burnish- 
ed, and here it must be observed, that in laying 
gold size on carved work after it is yellowed, those 
parts should be missed, that are too small to to re- 1 
ceive the gold even from the smallest pencil, such 
as the small eyes of foliage &c. to which, effect must 
afterwards be given, .with high coloured or-molu.| 
And proceed to lay on the gold with a cushion, 
knife and tip, as will be described in oil gilding; 
but in burnish gilding, Camels-hair pencils must be 
used for the small parts, and swanquill pencils for 
the large, dipped in clear water, to wet the work as 
fast as the gold can be laid on. The hollows and 
flats must be gilt first, and perfectly dry before the 
other parts can be proceeded with, when the work is 
all gilt and dry, burnish the parts intended. And 
should there be any faults, which can only arise 
from not being carefully wetted, or from grease 
those parts must be rubbed off to the whitening, with 


linen wrapt round the finger, when they are diy 
they must be gold sized, gilt and burnished. 
The/I reduce a little clear size with hot water, so 
(hat when cold, it will merely set, this being the 
weakest size used in burnish gilding, much care 
should be taken, that it is not too strong, or it will 
shew all the jointsof the gold. When dry, lay on* 
coat of tins, and when completely dry, rub it over 
with cotton. In double giknng, which is the best 
style, the matted parts should be again gilt, using 
water to wet as before, after which, coat them a fresh 
with the weak size, use the cotton, and if faults ap- 
pear, treat tliern as will be directed in oil gilding, 
not to stand in the weather. After the faults are all 
covered, give another coat of the weak size, use 
the cotton, and then give one of clear size, to keep 
the gold firm, a coat of or-molu, completes the pro- 
cess. Observe swan quills and camels hair pencils, 
only, are used after the gold is laid on, and care 
must lie taken in sizing the matted parts, not to 
touch those that are burnished, which cannot be 
improved after the burnishing atone. 

I fit be necessary to embellish the frames or work 
to be gilt in burnish gold, with composition, it may 
be had in London, soft from the press, and can be 
put on after the smoothing, with a little hot thick 
whitening, or weak glue. What is squeezed out 
round the edges in pressing it close, may be taken 
off with a brush and cold water, it must then have a 
coat of thin white, to remove any grease, and be fi- 
nished like the rest of work. The composition may 
also be put on.oil-gold work that is not to stand in 
the weather, but does not require the thin white, and 
must be finished in the manner of oil gilding ; com- 
position is easily moistened when dry, by wrapping 
it in a wet linen cloth, for twenty four hours. 

oil/ GILDING TO STAND IN THE WEATHER. 

The object to be gilt, whether metal, stone, or 
wood, must be coated three times over With a mix- 
ture of linseed oil, white lead, and a small quantity 
of spirits of turpentine, if it be wood, it should be 
previously rubbed with glass-paper, or fish-skin. 
When the last coat is dry, the work should be gold- 
sized; take any quantity of gold-size, and with a 
common hog’s hair brush, kept in water for the pur- 
pose, mix it with boiled linseed oil till it is so thin 
that when a little of it be laid on the work to be 
gilt, the white paint before put on, will appear 
through, though it must not be made so thin as to 
lose the tinge of the yellow ochre, then proceed to 
lay it on sparingly, with fine hogs- hair brushes, 
proportioned to the parts of the work, when the 
gold size is good, it will diy in twelve hoars, ifl al 
on in the evening, it will be fit for gilding the nex 
morning. Sometimes in winter, and when the rot ‘ 
Rize is fresh made, it will take two or three days, 
to prevent this, an expedient may be used, unknow 
tp the generality of Gilders, to mat with it a sm a 
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J uftnfity of Japaners gold size, which will hasten the 
lying, but in this instance, when it begins to have 
the tack, hereafter to be explained, it dries very 
quickly, therefore, great care should be taken to get 
the gold on a « fast as possible. In order to ascer- 
tain its fitness for receiving the gold, the work must 
be touched with the finger, if it feel somewhat adhe- 
sive or clammy, but not so as to be brought off by 
the finger, it has the iac A*, or in other words, is in a 
fit state for gilding; but if it be so clammy as to 
come off on being touched, or have any inclination 
thereto, it is not sufficiently dry, if it have no suck- 
ing quality, it is too diy, and must be sized over 
again before it can be gilt. In laying on the gold, 
a Up is used which must be previously rubbed with a 
little tallow grease to make it boh), bnt it must be so 
little as to snew no appearance. When the 6urfiice 
to be gilt, whether round, hollow, or flat, is suffici- 
ently targe and plain to contain whole leaves, they 
may be taken from the book, which must he held in 
the left hand, by the part that is sewed, the leaves 
of it tunied carefully over, and kept always so 
steady, that the gold may be undisturbed, and lie 
perfectly flat, take the jip in the right hand, touch 
the leaf of gold about half an inch deep, on the side 
opposite the sewing of the book, botn hands must 
then be moved to the place meant to be gilt. Hav- 
ing laid the edge of the leaf already attached to the 
tip, upon the work, which is always considered as 
having the tack , it will be caught and held fast by 
the go U size, and the tip will be left at liberty ; the 
book must be slowly drawn away, followed as it 
moves by the tip which is now used gently to press 
the gold close to the work, until the whole leaf is 
on, which must be repeated until those parts large 
enough to receive a leaf, are all gilt. Tnis method 
h in use with a lew of the best gilders, and may be 
acquired m an hours practice. For those parts that 
are too small for the entire leaf, it is necessary to 
use a cushion, upon which about half a book of gold 
maybe blown out, one leaf at a time, each one 
Carefully turned until it lies nearly flat, when by 
puffing as near as possible on the centre, it will be- 
come smooth and even, and must be cut in strips, 
with a knife used for the purpose, according to the 
widths of the different members and mouldings, and 
then laid on with the tip. As the work advances, 
or when it is gilt all over, it must be pressed elos* 
with a bit of unspun cotton, then brushed over with 
a dry, soft, hogs-hair brush, one previously used a 
little in the whitening, will best answer the pur- 
pose, in order to clear away any loose particles of 
the gold leaf. If any defective ports appear, those 
which cannot be mended by pressing upon them 
the loose gold just brushed off, which may be done 
with the brush in band, or a bit of cotton must be 
Wered in the following manner. Cut a leaf of 
fold into small square pieces, proportioned to the 
•elects, au^ with the camel’s hair, pencil slightly 

* 

* * 


moistening the tip of it, by putting it to the lip, 
place a piece on each faulty part, which must be 
again pressed w ith the cotton. The work is then 
finished unless the faulty parts are too dr\ to re- 
ceive the gold ; when they must be again gold sized 
and gilt/as before directed. In general, boys do 
not acquire the method of using the gold on the 
cushion, in less than three months, though a persou 
determined to accomplish it, may do so in one w eek. • 

Picture frames, and other work in u oiJ gilding, 
that is not to be exposed to the weather,” to ue well 
done, must be prepared as far as smoothing, in the 
same way as work to be gilt in burnished gold. 
When smooth, and after being rubbed with glass 
paper, it must lie coaled twice over with size, ra- 
tner weaker than that used for whitening, that 
which is stale answers best. The gold size must be 
laid on as before directed in oil gilding, and w hen 
the work is gilt, pressed with the cotton, and brush- 
ed over. If faults appear, they must be treated 
thus ; take a little weak size, as directed in burnish 
gilding, coat the work all over when dry, wet each 
part where a fault appears with clear water, and 
lay on it a piece of gold, with a camel’s hair pencil, 
as before described. This is not to be pressed witli 
the cotton, but gently rubbed with it when com- 
pleatly dry, which it will be in half an hour, (as will 
all the coats that are used for gilding, except oil 
gold size,) give the work another coat of the weak 
size, then one of clear size which completes the 
gilding, but the effect is considerably heightened 
with a coat of or-molu, such as is used to finish the 
matted part of the burnished gilding. 

TO MAKE STRONG SIZE. 

* Taken clean saucepan of any size most conveni- 
ent, fill it nearly with water, when heated as much 
as the hand can bear, keep putting in cuttings of 
parchment which best answer the purpose, or gloveis 
while leather shreds, pressing them down well with 
the band, till they are within an inch and half of the 
surface of the water, boil them slowly for one hour 
and a half, and the strong size will be made ; pass 
it through a hair sieve into a pan, and set it aside 
for use. the same parchment or shreds, will again 
yield the same quantity of size, stale size stinks and 
is unfit for use. 

Clear size, differs only from the preceding, in 
these particulars, it must be made in smaller quan- 
tities ; the parchment or shreds must be washed in . 
several waters milk warm, till no dirt appears, it 
should boil on\y fiifteea minutes; be passed through 
a finer sieve and when reduced care must be taken 
that the water is perfectly clean. 

TO MAKE GOLD SIZE FOR BURNISHED 
GILDING. 

Take one pound of pipe clay, put it into an earth- 
en pan fulfeef water, when soaked, pour off the water 

and 
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and grind it on a stone, with a muller, such as 
used by house painters ; now and then sprinkling 
with water as it becomes dry; care must be taken 
that no dirt or grease be on the stone or muller, and 
as it is ground, put it into another pan ; then take 
half an ounce of the best black lead, the eighth ofj 
an ounce of mutton suet, pound them together with 
, the muller, and then proceed to grind them particu 
larly well, using water as before directed for the 
pipe clay, when ground, put them into a smaller 
pan ; grind half an ounce of the best red chalk, and 
mix the black lead, suet and chalk well together, on 
the stone, with a pallet knife, and add to them the 
clay, until these ingredients are thoroughly mixed 
put them into a covered earthen paa to prevent dust 
©r dirt, to be used as wanted. Ten or twenty pounds 
may be made at a time. The gold size must be 
moistened once a month or oftener with clean water 
to prevent it from gettmg dir, in which case it 
would be necessary to grind it again. Care should 
be taken in selecting these ingredients; the best 
black lead dust from the saw of the pencilmakers, is 
most fit for the purpose, it may be had for 7 d. the 

S ound at any respectable shop in that line, while the 
est black lead in the lump sells at from two to four 
guineas per pound. In cnoosing the clay take that 
which has the least grit, it may be discovered by 
putting a little into the mouth, the darkest is gene- 
raUy the best, of which the greatest choice is to be 
had at the pipemakers. The softest red chalk, such 
as is used tor drawing must be chosen, though the 
gold size may be vety well made without any, as its 
principal use is to heighten the colour of the gold 
when burnished. 


skin that will arise from the boiling, end put it im 
mediately into another pan, add four drops of th 
gamboge liquor, two drops of the repass, stir then 
round, and the or-molu is made and fit for use 
The eyes of foliage &c. iu carved work, must b 
touched with a little of the gamboge liquor, call* 
iigh coloured or-molu, uumixed with any tbioi 
else. 

The or-mulu in general use though it is by m 
means the best, is made by dissolving the gambogi 
in spirits of wine, instead of water, which will give 
it the appearance of clear varnish ; but when dropp* 
ed into clear size to be substituted in this case 101 
starch, it will be yellow ; the quantities of the in* 
gredientsare alike in both cases. 

Plaster figures, vases, busts, &c. are gilt both in 
burnished gold and oil gilding, by coating them, first, 
with very hot weak size, ana afterwards four timet 
over with liot clear size, if any holes appear, they 
must be evenly filled up with puttv, made of strong 
size and whiting; the rest of the process is the 
same as after smoothing in both cases. 

To gild paper in burnished gold, it must be tack- 
ed to a board by each comer, gold sized and gilt, it 
must be burnished on a piece of plate glass, bedded 
in putty, -or on a clean marble flag. 


PREPARED PIPE CLAY AND YELLOW STONE 
OCHRE. 

The pipe clay must be chosen and ground, as di- 
rected in making gold size, then laid by for use in a 
covered earthen pan, and occasionally moistened as 
the gold size. The stone ochre must be of the best 
quality, and prepared in the same manner. 

TO MAKE OR-MOLU. 

In half a pint of clear water, gently boil two 
ounces of the best gamboge powdered fine, for five 
minutes, strain it through a linen cloth, put it into 
a corked bottle. 

Take one ouuce of saffron, half an ounce of tur- 
meric, and one quarter of an ounce of dragons blood, 
boil them in one pint of clear water, for fifteen 
minutes, now and then stirring them from the bottom, 
strain them also through a linen cloth, and put them 
into a corked bottle. 

Put about five or six nobs of starch into a clean 
half pint earthen pan, make them into a paste, with 
a teaspoon-full of clean water, using the finger, thenj 
add water till the pan is three parts full, boil it for. 

-dpe minute, and it will be clear like clear size, blow offj] strong as that which is denominated, 


TO MAKE OIL GOLD SIZE. 

Put as much linseed oil into a broad earthen vessel 
as will cover the bottom an inch deep, find add to it 
a 9 much water, four or five inches, let the vessel 
containing this, be exposed to the weather for three 
or four weeks, occasionally stirring it till the oil 
pears of the consistency of treacle, it must then be 
separated from the water, put into a long bottle, or 
separating funnel used by the chemists, and placed 
in such a degree of heat as will render it perfectly 
fluid, the clear part should then be poured off, and 
it will be fit for use ; take any quantity of the best 
yellow stone ochre, and a fourth part of white lead; 
mix them with the oil on a flag, using a muller and 
pallet knife, this mixture is oil gold size, it must hm t 
put into an earthen vessel, and covered with water, 
to prevent it from skinning. 

This gold size is very troublesome to make, aiu^ 
may be bought in its highest perfection, which tv 
six or seven years old, at Norgroves or his success^ 
ors in Oxford- street, corner of Swallows-street, froo% 
whence it can be sent to any part of the King^ 
dora. t 

BRONZING ON WOOD. I 

The preparation for it is entirely the same ® s Ml 
gilding, until the work is smoothed, when-it must bel 
coated with a mixture of clear size and lampblack.—’ 
Grind separately with water on a stone with a niulij 
ler, the following ingredients; Prussian blue, paJciiW 
yellow, raw umber, lamp-black and pipe clay. I a Mj 
a small ban three parts full of size, not quite aw 
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gilding, add snch quantities of the ingredients as 
will make a good colour, (half as much more of the 
pipe clay as of the rest is generally found to sue* 
ceed,) tnis, however, must be directed by fancy, as 
the appearance of real bronze is of various colours, 
give the work a coat with this mixture, when dry, 
si other, and proceed to lay on the bronze, which is 
told at most of the colour shops; with a flue hogs 
fc»T brush, the tip as slightly as possible, moistened 
in water, take up a small quantity of the bronze 
powder, which lay upon the colour, when dry, the 
work must be burnished all over, taking care hot to 


2ft 

chip it up, or the whole of the operation must be 
repeated for the chipped parts. Alter burnishing, 
taka a little castile soap, make a lather rather thin, 
and with it coat the work all over, to take off the 
glare of the burnish, finis)) by rubbing it carefully 
over with a piece of woollen cloth ; the appearance 
of gangreen which belongs to the cavities, is made 
by slightly wetting them with a small camels hair 
pencil, dipped in tne lather, over which a little dust 
of verditer gum must be shaken: when dry, what 
is superfluous, may be brushed off with a hogs hair 
tool. 


END OF CARTING AND GILDING. 
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The co^rh maker manufacture!) coaches and I 
chaises of all kinds, which are, of course, as various > 
in their cons* ructions as they are in name. The li- ‘ 
mitsof our work will not allow us to enter very ex- 
tensively into this subject; we shall, however, say 
enough to give the mechanic and the gentleman an ! 
adequate idea o^’the structure of the more common i 
kinds of carriages; referring our readers to Mr. ! 
Felton’s Treatise on Carriages See. in three volumes 
octavo, for more particular and minute details. To 
t » is work we readily acknowledge our obligations 
for much valuable information, in the practical part 
of the business of coach making. 

. A coach has been defined, 44 a convenient carriage 
suspended on springs, and moving on four wheels” 
intended originally for the conveyance of persons in 
the upper circles of society, but now become very 
common among the middling classes, in almost ntl 
civilized countries. In London, there are 1,100 
hackney coaches constantly employed for the con- 
veyance of its inhabitants from one place to ano- 
ther. In Bristol, in Liverpool, and in Berming- 
ham, and perhaps in other large towns ; coaches of 
the same kind are used for the same purposes. The 
Ihshions with regard to the form and ornament of 
coaches and other carriages for pleasure, are perpe- 
tually changing; the chief kinds now in use, are the 
close coach and chariot, the landau, which can lower 
its roof, and part of its sides, like the head of a phoe- 
ton ; the barouche, *or open summer carriage, made 
on the lightest construction, the chariot which is 
intended only for two or three persons ; the landau- 
let, or chariot whose head unfolds back; the phaeton 
and caravan, which have only a head and no win- 
dows, with a leathern apron, arising fro.u the foot- 
board to the waist. These all run upon four wheels. 
Of the two-Wvieeled vehicles, there is the curricle 
drawn by two horses, each bearing on a narrow i 
saddle, the end of a sliding-bur or yoke that upholds 
a cent al pole ; the gig, chaise, or wtskey that have 
each only one horse, which moves between a pair of 
shafts, borne nearly horizon rally, by means of a 
leathern sling passing over the saddle tree. When 
P gi? & c - ha* t wo horses, one preceding the other 
in harness, the machine and its horses are taken to- 
gether, denominated a Tandem , a latin word signi- 
fying at length. 

The art of co^ch making, has, within the last fifty 
or sixty years, been carried to a very high degree of 


perfection, with respect to the strength and elegant 
of the several sorts of machines included iu that 
brand* of manufacture. Coach, and coach haroesi 
makers, though professions of a different nature, are 
privileged by eacK ot* er, to follow either or both 
trades. Tue coach maker is generally understood 
to be the principal in the business, being the person 
who makes the wood-work. There are however, 
out very few professions, in which a greater number 
of artisans are necessarily employed, such as wheel- 
wright-, smiths, painters, carvers and 'gilders, cur- 
riers, lacemakers, woollen cloth manufacturers, and 
many others. 

It is an invariable rule, that carriages of every 
kind should be adapted, not only to their different 
uses, but also to the different places for which they 
ire intended A coach that is the best possible for 
the paved streets of London and other large towns, 
<s not the most proper for country use, and one that 
is adapted to the excellent roads of England, would 
not be fit for many pants of the Continent. The 
construction of every carriage should be as light as 
the nature of the place it is destined for, anil its 
necessary work will admit ; superior strength, can 
only be effected by additiou in the weight of mate- 
rials, which a regard to the horses, will make a 
person very careful not unnecessarily to increase. 
The great art then consists in* building as light as 
possible, yet so as sufficiently to secure the carnage 
fiom danger; what a light carriage may lose, by 
wearing a shorter time, than one much heavier, is 
more than compensated by the preservation of the 
cattle. 

The form of the structure of a carriage depends 
much on fancy ; the size is proportioned to the in- 
tention of its use, and regulated by the width of the 
seat and the height of the roof ; the timbers of a car- 
riage body should be of diy ash, and formed with 
great exactness; the pannels are made of >o\t 
straight grained mahogany, smoothed to a fine sin* 
face, anu fitted or fixed in* prepared grooves, or 
bradded oil the^urfoces of the framing, the insides 
are to be well secured by gluing, blocking and canvas, 
to the panncls, the roof and lining or inner parb are 
made of deal boards. 

As no parts of the framingof the body, if well ex- 
ecuted are likely to fail by use, a reparation in con- 
sequence of accidents is all that is to be expected. 

The panuels geueraliy suffer most injury, either 
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from excessive heat, or from the bad quality of the 
timber ; of course, great attention is required in se- 
lecting good boards for this article, which if not very 
dry and well seasoned, are sure to fail by drawing j 
from the grooves, bulging or crocking. Even though 
the tixntiers are good, if the carriage is exposed to 
any excess of hot weather, it is a great chance but 
they will fly : but no discredit ought to attach to the 
builder . from that circumstance. 

T» e first summer a carriage is used will prove 
the sufficiency of the pamiels. So soon as they be- 
gin to start from the grooves, as they mostly will, in 
gome degree, the builder should examine, and relieve 
them where confined, to prevent cracking. A little 
drawi gfrom the grooves is to be expected, and is 
of no material consequence*, but if they crack, it 
w ! ll be a disagreeable object to the eye. 

As sufficient room in the carnage makes the seats 
comfortable, its capacit y should be the first object, 
and the w idth of the body ought to be in proportion 
to the number it is meant to accommodate. Open 
bodies liave this advantage, that three can eit with 
tolerable ease on the same length of seat, as would 
accommodate two m a confined one* A full sized 
geat for a dose body to contain three persons, is 
about four feet one or two inches; that of an open 
body, three feet five or six inches. This latter size 
insufficient for two persons in a close carriage, but a 
seat of from two fret seven inches, to two feet eight 
or ten inches, is sufficient in the open bodies. 

The width across the seats is never regular, but 
is adapted to the shape of the body. The usual 
width is from 14 to 18 indies. The height of the 
peat from the bottom, is in general 14 inches, and 
from the seat upward to the roof, from 3 feet (j 
inches to 3 feet V inches without the cushion. 

It frequently becomes convenient to make the 
seat moveable, which is sometimes necessary to 
give freedom to extraordinary head dresses. Few 
people rise above S' feet from the 6©at, so* that al- 
lowing twotinches for the cushions, there is left in 
the clear, without the bead dress, from four to seven 
riches. 

The bodies of a post chaise and chariot do not 
differ from eadi other, but the purposes for which 
they are intended, alter their name. The chariot is 
distinguished from the post chaise, by the addition 
of a coach box to the carriage part. The post 
chaise being invaded for road work, and the chariot 
generally for town use. The materials of carriages 
meant for post work only, are somewhat lighter 
than those of a town carriage ; but wtien alternately 
used the strength miH be sufficient for either. The 
framings are not required to l>e so strong for one or 
two, as for three per*ons. If a carriage is generally 
u-^ed for three, the length of the seat should be from 
four fret, to four feet one or two inches, but if only 
for a third person, occasionally, three feet eight 
"inches will be sufficient, with a scat to draw out 


from the centre. y A greater width is usually allow- 
ed at the front, than at the back of the seat, to ren* 
der it more commodious for t e elbows. The door 
lights or windows, are frequently contracted on the 
seat side, t ? at the passengers maybe more sectirp 
from outward observation, w' ile at the same' time, 
there is a sufficient view from within. The follow- 
ing is a description of a body complete in all its 
part?*, as given by Mr. Felton. T ie uj per parts, 
except the roofs, are generally called upper quarters, 
that is, side and back ouarters. The usual mode of 
finishing these, is by filling the vacancy up h deal 
boardings, firmti battened on the inside, and cover* 
ing the surface with leather, tightly strained on, and 
nailed at the inside edges; over which a moulding 
goes, and is sewed at the outside edges, making a 
welt, or is nailed in a prepared rabbet, and covered 
also with mouldings. Other quarters have the va- 
cancy, the pillars, and rails, covered with a pannel or 
mahogany board, finely smoothed on the outside. 
The leathered surface is the most secure; the pannel 
surface looks the best; but the brads, with which 
they are confined, and the other nailings of the hr ad- 
plates, mouldings, See. occasion them frequently t Q 
split. 

u The sword-case is prepared in the same man- 
ner as the quarters, either with a leather or mahogany 
surface. 

u As the present is an improved method of putting 
in the lower sidepannels in a rounded form, they are 
thus represented It adds considerably to the full- 
ness of the side, and exhibits the painting thereon to 
a much greater advantage ; this is done by the door 
and standing pillars being left full on the outsides, 
and reduced by rounding them towards the bot- 
tom. 

u The inside work, where the glasses are contain- 
ed in tlie front and doors, is only lined or cased with 
the boardings,' and nailed in rabbets on those pillars 
which form the lights or windows ; the other inside 
work is battening, blocking, and gluing of canvas, 
along the edges, and across the gram of the pannels* . 
which gluing very much preserves and strengthens 
them* The blocking is also a material assistance to 
the strength, which is done by a hall- square, cut 
across, or angle-ways, cutting it al>o in short lengths, 
and gluing the square sides against the pannel and 
its framing. 

“ The battens are long, thin pieces of board, plac- 
ed q'Toss the grain of the wood, bradded, or secured 
bv blocks, or canvass, in order to strengthen or 
support those parts to which they are applied. 

Tne inside w ork, after being thus finished, should 
be immediately painted all over, except the seats, 
and in particular the door and front pannels, before 
the lining- boards are fixed in, so as to expose no 
timber to the air uncovered with paint, as the air 
materially effects it, particularly tlie wide boards, or 
pannei^ as they swell in wet, and shrink in dry 

seasons ; 
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seasons: n propei* attention, in this particular, is 

indi-i»en^bly nec^s^ary.” 

T:*e ac('{ *m>iiO(latiori of a coach body makas it con- 
vm .enr for l »ge families, being for the most part 
capable of holding six persons acca^ionally ; but as 
tin* of the body affects the weig! t of the whole 
iii achhie, the builder lias only to proportion it to the 
number it is intended to contain, T ie difference of] 
this firkin the chariot already described, i^only in the 
1 cth, for the addition of a seat side, and every 
psri of the framing bears the same name in baotU car- 
riages. but it ma\ be observed that the coach has no 
fore pillar like the chariot, because it has no win- 
dows in front. 

The bodies of the landau and landaulet, differ no- 
thing in shape from those already mentioned. The 
landau is of the coach, the landaulet of the chariot 
form. The weight of these' is so much greater than 
that of the carriages in their simple structure, that 
they are now but seldom used. The deference, 
however, exc^ptmgadditipnal strength of timber. i> 
only from the middle rails upward, to which height 
the doors open. It is usual to add a spring bolt o.* 
that side ot the door, which shuts to prevent it- 
being opened when either the glass or shutter 
is up. 

In open carriages, as phaetons, curricles See. there 
is a great variety of forms, therefore no general 
rule can be observed in building them, but they are 
mostly fastened according to the fancy of their 
^wner. Those intended for single horses, are for 
the most part light, the length of the seat is general- 
ly adapted for two persons only, those for two horses, 
are made of stronger timbers and are more roomy. 

The method of hanging the bodies depends also 
t>n fancy* or a conception of ease ; and some bodie- 
are not hung at all, but fixed on the shaft of the 
carriage, depending entirely for their ease on the 
spring- which are fixed underneath, and which sup- 
port the shads oil the axletree. 

The heads to some open bodies are permanently 
fixed, and others are made to take off, but the addi- 
tion of their tveight and their great expence, fre- 
quently render their use objectionable. 

The gig body is principally used in a curricle, 
or handsome chai.se carriage. The hind loops 
which suspend the weight, are fixed through the 
corner pillars. The method of hanging at the fore 
part varies according to the taste and judgment of 
the builder, or the situation of the body. The'aide 

E anneb may fill the space between the two pillars. 

ut in conformity to the present mode of building, 
the side is divided at the standing pillar, by a doer, 
or an imitation thereof, preserving the same sjiape. 
Jn either case, whether a sham, or real door, it pro- 
jects above the surface of the pannels. The sice of 
the body varies according to the purposes tor which 
it is intended, but ii) general, the measure is from 
*2 feet 10 inches, to 5 feet 2 inches on the seat. 


Though the word four wheeled carriage usually 
implies a carriage complete, yet it is distinguished 
among builders, as the under part only, or frame 
with the wheels, on which me tody is placed. It 
is the carriage w hich bears the stress of the whole 
riuchine, and of course, every thing depends on its 
strength. It should be well proportioned, accord- 
irg to the weight it is meant to support, aUaja 
allowing rather an over than under proportion, lo 
void the risk of accidents. A proper application 
of the iron work to support the pressure, is a thing 
materially to be attended to, and great care should 
I* taken that lucre are no^flaws in it. The timbers 
which are of ash, should he of young trees, of the 
strongest kind, free from knots, and perfectly sea- 
soned before they are used, and as many parts of 
the framing are obliged to be curved, it is best to 
select such timbers as are grown as nearly as pos- 
sible to the shape. The workmanship must be 
strong and firm, and not partially strained in any of 
its parts, as it is liable to much racking in its use. 
j The limbers throughout, are lessened or reduced 
| ior the sake of external appearance, which appear- 
I mice is assisted also with moulding edges and carv- 
mg. 

All four wheel carriages are divided into two 
parts ; the upper and under carriage. The upper 
is the main one on which the body is hung, the un- 
der carriage is the conductor, and turns by means of 
a lever, called the pole, acting on a centre pin* 
called the perch bolt. The hind wheels belong to 
the upper port, the fore wheels to the under. 

Of tour wheel carriages there are two sorts, the 
perch and crane neck, m which there is a material 
difference in the building and properties, hut thii 
does not effect the bodies, as they will hang equally 
well on either. The perch carriage is of the roost 
simple construction, and lighter than the crane 
neck, and as ti.e width of the streets in London, 
gives every advantage to their use in turning, they 
are the most general. The crane neck carriage haa 
by much the superiority for convenience and ele- 
gance, and every grand or state equipage, is of thi> 
construction ; but the weight of the cranes, and the 
additional strength of materials necessary for the 
support, make carriages of this sort considerably 
heavier than the other. 

The track in whieh the wheels of every carriage 
are to rub, is generally the same, except when in- 
tended for particular roads, in which waggons and 
other heavy carriages are principally used; these 
leave deep ruts, in which light carriages must like- 
wise go, or be liable to accident. All four wheel 
carriages should have the hind and fore wheels to 
roll in the same track, the ordinary width ol tbe 
wheels is four feet eight or ten inches, that of wag- 
gons or carts, generally measure more than five teeh 
to which chaise wheels, (being principally inteuued 
for the country^) are adapted, it is immaterial to 
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trim! width wheels are set, if used for running upon “ To the straight or cptnpas? perch, iron plating on 

stones, but upon soft and marshy roads if exactnes, the sides is a great addition, as it will admit the tim- 
is not attended to, the draught is considerably in- bers to be so much reduced, that a sufficient strength 
creased. The different heights of the hind and fore is preserved, though but half the usual size; the 
wheels, make also a difference in the length of their plates, a9 fixed edge-ways to the sides of the perch, 
axletrees, agreeably to the proportion they bear to will support ten times more weight than if flat-ways 
each other, the fore wheel has the longest axle tree by on the bottom, which is the method of plating a 
one or two inches between the. shoulders. perch in the plain or common way; and many of 

The length of the carriage is regulated by the size those carriages which are made up for sale, have 
or length of the body which it is intended to carry ; even the bottom plate omitted ; but the certain con* 
bat it always takes its measure from the centres of sequence of this superficial method is, the sinking or 
the hind and lore axletrees. In general, a perch settling of the perch, whereby the carriage is con- 
formed carriage, measures nine feet two inches for a tracted quite out of its form, to the great injuiy of 
chariot, and nine feet eight inches for a coach, but it, both for use and appearance, and there is no re- 
in a crane-neck carriage, on account of the bow for medy but by a new one.” 

the wheels to pass under the measure, in a chariot, Mr. Stracey’s invention embraces four objects 1. 
is niue feet six inches, in a coach ten feet The constructing of the perch of a four-wheeled 

We shall now give a more particular account of carriage, in such a manner, that either of the axle- 
the perch as described by Mr. Felton ; and after- trees may have a vertical motion independent of the - 
wards explain the nature of Mr. Edward Siracey’s other; so that the axletrees may be in different , 
invention for an improved method of hanging the planes at the same time. S. The hanging of the 
bodies, and of constructing the perches of four tody on the springs of such a carriage, in such a 
wheeled carriages, by which he says, such carriages manner as will tend not only to diminish the liabili- 
are less liable to be overturned, and for which in- fy of its being overturned, but add also to the ease of 
vention he obtained some years since his majesty’s its motion. * 3. The forming a collar-brace, which M 
letters patent. shall almost immediately bring the body to an equilt* - 

“ The perch is the main timber of the carriage, briuni, should the centre of gravity be moved. 4.: 
which extends through the hind and fore spring tran- The forming a perch-bolt, by the use of which the * 
fcono < r bars. By it the principal part of the upper carriage may be more easily turned to the right or 
carriage is supported. The hind part is supported, left, and the friction that now takes place, by the use 
and united to it, by means of hooping two extending of the common perch-bolts between the wheel plates, 
timbers, called wings, on the side. The fore end is the transom beef, and the fore axletree>bed ^reduced » 
fixed or united to the perch by means of a strong almost to nothing* 

piece, hooped at the top, and framed through the Carriages constructed on this principle, differ but 
fore transom, called a hooping piece ; but some car- little in appearance from other ibnr-, wheel carriages;, 
riages have a horizontal wheel in the front, the same the chief distinction lying in the construction of the 
as the crane-neck carriages; and these have no perch, and its having a revolving motion, and in the 
hooping piece to the perch, but are secured by hanging of the body on thfe . -springs. The perch 
means of side-plates. Tnose on the general princi- being allowed to turn on its axis/ the fore axletree 
pie have, at the bottom in front, a flat piece, left ex- bed may have any degree of obliquity required, pro- 
tended, called a tongue, which .goes through a large vided the body is not hung on the carriage, without 
mortice in the fore axletree bed, aivd through which affecting the horizonfelity of the hind axletree bed, 
the perch-bolt passes ; its use is to keep the fore and vice versa; . and. it^ is by the instrumentality of 
axletree bed steady in its place. this motion, co-operating with the mode of hanging 

41 Sometimes the perch is made of a bent form, the body on the springs, and by the aid of collar* 
called a compass perch, for the purpose of admitting braces, that Jhe body of the carriage may be kept 
the body to hang low, or to form a more agreeable nearly on the trqe level, or at least sufficiently so tui 
line to the shape thereof; those perches are of a very prevent its being overturned* although either the 
ancient form, but are now revived with considera- tore or .the hind axletree may have a great degree of 
ble improvement from their original shape, and are obliquity fh>m the plane of the horizon. A similar 
become the prevailing fashion When the carriage effect and security may be obtained by inverting the 
is intended for a whole or horizontal wheel, the construction of the perch, and by having the fixed 
perch has no hooping-piece, but is bolted by the part of the perch in the hind axletree bed, and the 
plates at each end to the inside of the transoms. . revolving p?rt in the transom bed in front ; or by 
44 Plating with iron the sides of perches is a great making the perch revolve on an axis at each end, or 
improvement* and is now most generally done, and by any other mode which will allow the hind and 
always must be,, to those compass perches* if re- fore axletree beds, when connected by means of, a 

C ired to be light in their appearance, as the size of perch, to be in different planes at one and the same " * 
timber is so much. reduced by cutting , them to time, as by permitting one axletree bed, provided 
Hog shape. ^ that the body is not hung on the carriage, to re* 
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main parallel to the plane of the horizon, and by 
making the other stand perpendicular to it. 

The principal variation ot this invention, from the 
common method of hanging the body on its springs, 
consists in the body-loops, which must be so extend- 
ed, that the ends of them may come nearly under the 
shackles of their respective springs, and each of them 
so formed, as to end in a cylindrical axis of one to 
two inches or more in length, and of sufficient 
strength to support the body 5 and on each of these 
body* loop axes, a shackle, for the reception of one 
*>f the mainbraces, should be fitted, ending in a cy- 
lindrical box or rocket, made so as to work and 
turn on the axis of the body-loop, and secured to it 
by a nut and pin ; and the connection between these 
snackles and their respective boxes should be by 
means of a strong joint, working towards the front 
and hindpart of the carriage in the direction of the 
.perch. The body is to be hung by the main braces, 
attached to these shackles on the springs, in the 
same manner as other carriage-bodies are usually 
hung. When the body is this nung, the action is as 
follows ; should either of the hind or fore wheels 
descend into a low spot in thero^d, or ascend a rais- 
ed surface, the boxes or sockets on the body loops 
will turn on rtbeir axes, and keep the whole on a 
proper equilibrium, so as not to be overturned. 

Another part of the invention is the application of 
a cylinder to the collar-braces of carriages, by means 
t)f which, Should the centre of gravity of the body 
of the carriage be moved by any inequalities in the 
road or otherwise, either to the right or left, the 
equilibrium will be almost immediately restored by 
the motion of the cylinder, or roller on its axis, and 
the consequent lapping and unlapping of the straps ; 
for to whichever side the body is impelled, on that 
side will the collar brace be lengthened, and of 
course the opposite collar brace proportionally 
shortened; one side is made to operate as a check 
upon the other, in order to bring the body to its true 
centre. 

The last part of the invention is the perch-bolt, 
which being properly placed, the fore axletree bed 
may be turned either to the right or the left, with 
much greater ease than if the common perch-bolt 
were made use of, the usual friction between the 
beds and wheel-plates, being almost wholly remov- 
ed from their being gradually separated by the lift- 
ing of the screw, in the act ot turning. — See Reperto- 
ry ,, New Series Vol. xi v. 

The timbers of the crane neck carriage, are of the 
same description as those of the last, excepting the 
perch and hooping- timbers, which are not used. 
The hind and fore ends are fixed to the cranes, which 
makes the bearings more steady than those of a 
perch carriage. The whole will be better under- 
stood by the following description. , 

Figure 1 , of plate is an elevation of a crane- j 
necked soach complete, Figure 2 , is a front view ofi 


it shewing the tote wheels and under ferriage $ 
Figure 3 , 1 s the horizontal plan of foe sane, maty 
parts of this are too evident and tfniver&allt knows 
to require any reference, as the wheels, the body, 
the coach box, the boot, t!^e springs A a, ait 
the two cranes which are made of iron, and answer 
in their use, to the Wooden perch of the common 
carriage, which i9 the main timber of the carriage, 
extending and connecting the hind and fore spring 
transom D D, and E E, or cross-bars which support 
the springs F F and G G, and thus forming one 
frame called the upper carriage, in which the body 
is suspended. 

The two iron cranes a a, form the same connec- 
tion, but in a more complete manner, and they have 
a bend or neck at b, which admits the fore wheels 
to pass under them when the carriage is turned short 
about; the cranes are united to the fore carriage, by 
being screwed fast into the fore spring transom D, 
and they are farther screwed by clipping them down 
to a cross timber near A, in Figure l,and marked B 
in Figure 3, it 19 called the budget bar, from the 
I circumstance of its bearing the boot or budget, and 
it has two pieces A A, called nunters framed into it, 
which connect it with the fore transom D, these 
pieces make a platform or frame, on which the bud- 
get immediately rests; the springs F. are bolted to 
the transom, at the lower end, and have an iron 
brace F Figure 1 , called the spring stay. 

The fore transom, or fore spring bar D, is the 
most essential part of the cross framing, it is a 
strong timber to which the cranes are fixed, by pas- 
sing through it as before mentioned, therefore, an 
under carriage is attached thereto, by means of a 
large, round, iron pin d, Figure 3, which passes 
through its centre, on the bottom is a thick, flat plate, 
made flush to the edges, called the transom plate, 
on the ends the springs are fixed, and on the top 
the boot or the blocks that support it, are rested.— 
E, is the hind transom, or hind spring bar, some- 
thing similar in its use to the fore transom, but not 
required to be of such strength, to this the ends of 
the cranes are fastened, and the timbers called nun- 
ters, which run parallel with thpm, are framed into 
it, and unite it with the hind axle bed H, on the 
ends the springs G G, are fixed ; the blocksor pump 
handles 1 f, are placed on the top to support the 
foot board K, or platform, and the footman’s step 
piece bolted on the outside. 

II, is the hind axle-tree bed, it i* a strong timber 
which receives the axle tree, the cranes a a, as be- 
fore mentioned, are securely fastened to it, and it it 
connected by two pieces called nunters, as before 
mentioned, with the bend transom E, tbe bottom if 
'grooved to receive the axletree, which groove if 
called the bedding for the axle tree, but is usually 
bedded at the ends only. At the two ends of this 
timbers are left projections called cuttoos, which 
cover the top or back ends of the wheels, to shelter 
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tfo a tU treb mtton from the dirt, frbich would other- 
wife get in behind the wheels, and dog them. 

I I, are the bind blocks, which are called pump 
handles; When further extended than what is here 
represented, they are frequently called raisers, as 
their use is only to heighten the platform from the 
htnd framing*, that the appearance may be light, 
and that tlie footman mar be sufficiently raised, 
according to the height of the body ; they are bolted 
on to the axletree bed and spring bar E, and to 
prevent the too heavy appearance, there are often 
neatly ornamented with carving. 

The footboard nr platform K, on which the cushion 
for the servant stands, is a flat thick elnr board, 
bolted on with blocks to which it i9 also screwed. — 
L, the boot, a large box made of strong elm board, 
nailed and screwed together, having a door in the 
front, whidi door should be made framed, and 
boarded, and confined by a bolt and thumb nut ; the 
surface of this boot should always be covered with 
arugset, or japanning leather; it is bolted across 
the transom D, the boot or budget bar B, and fore 
blocks as shewn in Figure I, and is sometimes rais- 
ed on side blocks, to lighten the appearance of the 
fore end of the carriage. — The parts marked M N O 
P, including the fore wheels, are called the fore or 
undercarriage, united to the upper carriage by the 
perch bolt. 

M, The fore axletree bed, which is required* to be 
a strong piece of timber, in which the fore axletree 
is bedded; on this the upper carriage rests. In this 
timber the futchels N N,are fixed, it is alsocultoved 
on the end, the same as the hind bed. 

N N, The futchels, are two light timbers, fixed 
through the fore axletree bed, contracted in the front, 
to receive the pole O, which part of the futchels is 
called the chaps ; but they widen towards the hind 
end. on the top of which the horizontal circle P C, 
is placed with proper blocks to raise it. 

Across the fore ends of the chips of N N, the 
splinter board is fixed ; the futcrels are framed 
in a slant direction, to give a proper height to the 
pole ; they have iron braces beneath, but sometimes 
the futchels are framed in a horizontal direction, and 
are made to rise in a cant from the front of the hori- 
zontal wheel, otherwise the pole must be compassed 
to raise it to a proper height. 

P, the splinter oar, is a long timber to which the 
horses traces are attached ; on the ends are sockets, 
with eyes, in which the wheel irons g, are placed, 
and extend from thence to the ends of the axletree 
arms, holding the splinter bar tightly back to op- 
pose the strain of the draught, which is taken from 
the axletrees at the ends by the wheel iron®, and at 
the middle from the futchels, proper roller bolts h h, 
being fixed at these situations to receive the traces 
by which the horses draw. 

c c, The horizontal circle called a whole wheel 
front, it consists of two equal circles, one of which is 
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attached to the under carriage, by bedding it on the 
fore axle bed M, and the other is fixed beneath the 
fore transom D, the flat surfaces of these circles ap- 
ply to each other, and the perch bolt d, 1 $ in the cen- 
tre of both, their use is to preserve a steady bearing 
for the upper carnage to work upon while turning 
round, so that rn whatever direction the fore car- 
riage may be, the steadiness is always preserved. 

<), the pole is a long timber, which occasionally 
is placed in the futchel chaps N N, being nicely fit- 
ed therein, and is confined by two plates, the one 
bolted to them at the bottom in front, and the other 
at the top at the back end of the chaps; the security 
is also assisted by a wooden pin k, called a gib, 
which is placed across the futchels, and in a staple 
which is in the pole ; and an iron pin also goes 
through the futchels and the poles at tne free end ; 
on each side of the pole the horses are stationed, and 
strapped to a loop at the fore end, called a pole 
ring, its use is to conduct the fore carriage, and may 
probably be called a carriage lever. 

k, The pole gib, made flat at the bottom, and 
rounding at the top, to fit the staple in the ' pole, 
which it keeps from using up at the fore end, it ifc 
nailed on by a loose strap to the ftitchels. and kept 
in its place by another strap nailed on the opposite 
side, which is hitched on a brass or plated DUttom 

Two-wheeled carnages have the aavantkge of all 
others for simplicity and lightness ; but in this sort 
of carriage there is more risk than in those that arh 
four-wheeled. That whioh makes the variety of 
this sort of carriage, is the method of placing the 
bodies, whether hong from springs, or fixed on th4 
carnage, which isdecided principally by the wishek 
of the owner; the generality as We have seen foil 
under the description of curricles, gigs, wiskies, at 
chairs; but that in which the principal difference 
lies, is the curricle, being as has been already notic- 
ed, formed for two horses abreast. Which at present 
is one oi the most foshibnable carriages in use. The 
gig differs also from the whiskey materially, the 
whiskey being constructed on the most simple plan, 
with the body united to the carriage, while the gig 
exhibits a greater portion of taste, having the body 
bang in various directions; it is by the form of the 
carnage, and the method of placing the body, that 
they are named. 

The strength of the carriage is to be regulated by 
the size of tne body which it is meant to support, 
as also by the places in which it is to be used ; as in 
rough roads an additional strength is required. The 
timbers are usually of ash ; but a preferable method 
of building, is to make the shafts of a foreign timber, 
of the West India growth, called lance- wood, which 
is of sufficient strength, even wheh reduced to half 
the size of ash, and is so elastic as to give great ease 
to the rider, and at the same time always preserve 
the shape. The draught should in all cases be 
taken from the splinter bar, which yields to the mo- 
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tion of the horse ; and the nearer to the axle the 
fixtures used to draw by are placed, so as not to be 
veiy low from the purchase, the lighter is the 
draught. The carriage should be so formed, in such 
a manner, that the axle tree may be placed nearly 
on an equilibrium ; so that when the passengers are 
in the body, the weight may not exeeed 25 or SO 
lb. on the back of the norse. 

' Coach and chariot carriages are built exactly 
similar to each other; the only difference is the 
superior strength of the materials. 

rhaetons have a great similarity to them ; but the 
situation of the springs, which are placed in various 
directions, makes the appearance the only ma- 
terial difference from other carriages; so that ex- 
cepting the blocks and budgets, they will be re- 
duced to the same principle as the others. 

The workmanship is nearly the same in value to 
all. carriages on the plain system. The materials 
are reduced in their value lor the lesser carriage. 
The value, when thus tar executed, is what is reck- 
oned the first charge or rule to follow ; the wheels, 
the boots, the coach boxes, the raised hind or fore 
ends, the blocks for the springs, and also the paint- 
ing, are added afterwards; so that, in whatever 
mariner they are compleated, their value may be 
ascertained. 

The art of carving contributes more effectually 
than any other part of the work, to the beauty and 
elegance of a carriage. In common carriages, all 
that is meant by carving, is tho finishing the ends of 
the timbers with scrolls, and the edges with mould- 
ings. If any carving is bestowed on plain car- 
riages, it is on the blocks or raisers, front views of 
which are more conspicuous than any other tim- 
bers. \ 

On carriages for common use* the piore simple 
and plain the ornaments are,, the betteiV provided a 
good design is preserved, leaving the painters pen- 
cil to effect what is omitted in the carving, which is 
a tolerable substitute in a common carriage. 

Figure 4, is a representation of a gig, to which 
Mr. Williams’s patent preserver are applied. The 
invention consists of an axle tree having a strong 
iron spindle of about 9 inches high, firmly fixed, or 
ivelded upon it, immediately within each wheel, this 
spindle carries a preserver, marked A B C D, which 
consists of two arms or branches of steel A B, spread 
out somew hat similar to an ppen pair of compasses, 
with points turned C and D, round it has a socket 
at tbe top, that goes on the spindle, and fixes with 
a bolt, it is capable of being raised or lowered, ac- 
cording as the road requires it, but having the end 
C and D, about three inches from the ground, has 
been found sufficiently high for any road that will 
admit of a carriage to travel on it. 

Another part of this invention consists in fitting 
the shafts that they can be detached, but when put 
to, they are connected to the axle tree by the centre, j 


terminating ift a hemispherical ball, the flat. rid* 
resting upon the middle of the axle tree, which ball 
is strongly pressed down by a hollow cap that fits it } 
and it is fastened within the body of the gig with 
an iron rod, so that by pulling this the shafts are re- 
leased. 

These simple contrivances produce the following 
effects, viz. — Security when tne horse falls, because 
the arm C, of the preserver, supports .the weight of 
the carriage, and prevents it falling on the horse, 
so that he luu an opportunity of recovering himself. 
If the horse rears up the arm B, the preserver 
touches the ground, and prevents overthrowing the 
carriage backwards. If either, or both the wheels 
break, -or come off, the preserver catches the weight 
of the carriage, and prevents it breaking down, ai 
they also do |f the shafts break. 

If the horse kicks or runs away, the shafts can be 
disengaged in an instant, as shewn in Figure 4, by 
pulling the handle of the iron rod, which releases 
the ball from the axle tree, while the parties sit 
perfectly safe receiving only a gentle tilt, or recoil 
of about three inches, until tbe preserver reaches the 
ground, and gradually loses its impetus, at a dis- 
tance of a few feet upon its turned op, or sledge 
formed end. 

From this explanation, it appears, that no springs 
are required for accompbshing these ohjects, that 
repairs will seldom be necessary, and that the cost 
cannot be much more than that of the ordinary two 
wheel carriages. 

At the first view of this invention, the novelty of 
the preservers may not reconcile them to the eye; 
but upon investigating tbe principles on which the 
whole is constructed; what appears unsightly 
gradually becomes ornamental, from a conviction of 
their indispensible necessity, and tbe important re- 
sults. They may however, be made invisible by 
joints or hinges to fold up, but this mode will be 
'more expensive, and less secure. 

This invention also applies with great safety to 
all four wheel carriages, in the following manner, 
viz. — By firmly uniting a spindle to, the axle, * s 
herein before shewn, but with the arm of tbe said 
spindle downwards, and forming the preserver with 
tne brace of the two arms curved at the bottom, 
which when called into action, operates as a sledge, 

| upon which the carriage can move, and be support, 
Jed, the same being fixed on the spindle, through the 
socket, in the reverse way. 

We now come to the iron work, of which the 
articles are extremely numerous, and are manufac- 
tured by many different mechanics, such as spring 
and tyre-smiths, &c. The whole of the iron- work 
reqtuires to be made ef particularly tough metal, 
ana to be fitted with extreme exactness, taking care 
that each gives its proper support without straining 
or twisting, and that its substance be adequate to 
the weight it is meant to carry. The iron-work 
^ J form* 
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forms the principal part of .the carriage tat h IV If of carnage*, it rests* and is fixed on along block 
value and use; of course ha properties caiinbt bo too ![ for phaetons, or on the two bars only for coaches, 
much attended to, we shall begin whh the springs. &c. at the bearings mm; the bottom is sometimes, 
The springs ©f a carriage by which riding is made turned up in a scroll form, for ornament only, in 
comfortable, require the greatest attention to their imitation of the upper part; the brace is hung by a 
properties, otherwise their effect is materially injur- shackle, or placed rouud the spring, and passing, 
ed. They should be ajl manufactured ©f a well through a loop n, is fixed in a jack P, at the bottom, 
prepared and properly tempered steel. The great- which is a little roller, to take tip the length of the 
er the number of plates there are confined within brace at pleasure, by which the body hangs, 
the hoop the better : and the longer the spring, the Figure 8, is a spring used to light w hiskeys on 
more easy and elastic its motion will prove. Those chairs, it is fixed on the axletree, by a jew’s harp 
that are the least erect and of course that incline staple at o, which staple is united with the spring, 
most to the weight which they carry, and that are hoop and bolts through the axletree ; it supports 
also the longest, from the bearing, or stays, have \ the weight at each end, by one or two loops p p. 


superior advantages. Their forms are various ac- 
cording to the purpose for which they are designed : 
and they take their names according to their shape, 
such as the S, the C, the French horn, the scroll, the 
worm, the single and double elbow or grasshopper 
spring. 

The springs support the weight at their extremi- 
ties, by means of hoops and shackles, and their elas- 
ticity is from the hoops at which parts the plates are 
all made thickest, gradually tapering thinner toward 
the extremities, and shortening about 4 inches in 
each plate, from the hoop where the bearing for the 
spring is fixed. Those that are placed in an erect 
form are supported with iron stays, which clip the 
spring at the hoop. Those that are placed hori- 
zontally are. supported from the middle and play ti c 
VThole length; and those that are circular, have fre- 
quently no stays, but are well. secured to the tear- 
ing?, short light springs that contain few plates, have 
frequently no hoops, but the plates are confined 
with a small rivet, and the bolts with which the 
spring is confined to its tearing*. 

Figures C, 7, and 8, represent some of the va- 
rieties of sprmgs in use for carriages, Fig. G, called 
a double spring, is used for a coach or chariot, and 
has united to it at the back plate an additional 
spring, which turns the reverse way, to carry sepa- 
rate thing*, such as the budget, or bind platform ; 
it has a double shackle at g, one link of which car- 
ries the body, and the oilier the boot, or platform. 

The reverse spring has only to carry the hind 

f iart of the same teot, or platform. The-slavs and 
oops marked a, b, c, d, e, f, are for the following 
purpose, the stay a, is rivet ted within the hoop b, 
and clips at bottom, the fore or hind transom, and 
is there fixed by this bolt c, and is supported at the 
hoop by a stay d, which rests on the hind axle tree 
or budget bar; a stay e, also clips or bolts 
through the spring at bottom, and clips or unites in 
a cap with the other; to oppose the pressure, it has 
?. shackle f, bolted loosely on the top, for the weight 
? hang by, and g, is tiie shackle, for the other 
‘l ring, 

Figure 7, is the scroll spring ; this is a peculiar 
>rmed spring for ease, and is used to various kinds 


'which are fixed at the bottom of the shafts: it i$ 
mostly fixed at one end, but has room to play at the 
other. These springs most generally have only one 
loop at the hind end, in which it is fixed, and the 
other end tears on a thin plate, fixed to the bottom 
of the shafts, sometimes two such springs are com- 
bined together for a gig,Jn a manner as . shewn in 
Figure 4 . 

The axletrees of the carriage on which the wheel 
revolves, are of two sorts, the one is made flat, and 
called a bedded axletree, it being sunk in the tini-i 
hers; the other is of an octagon form, flat only at 
the ends, which are bedded. The arms that pass 
through the wheels should be made perfectly round, 
and stronger at the shoulder than at the end, w hich 
is screwed to receive a nut; through this and the 
axletree the linch-pin passes to keep all tight The 
nuts are made with a collar at the lace, and a tem- 
porary collar or washer is driven on to the back of 
! the arms, which forms two shoulders for the wheel 
tp wear against, and. helps tq preserve the grease 
from running out. The axletrees being the princi- 
pal, . or only support of the carriage, the. greatest 
attention and care should be given in the selection 
of good iron, and in the manufacture qf the material ; 
taking care that it is well w rought, and of sufficient 
strength, making it rather stronger than necessary, 
to avoid, risking the life of the passenger, by the 
oversetting of the carriage, which mostly happen.? 
when an axletree breaks. By the bend of the axle- 
trees the wheels are regulated to any width at bot- 
tom,. to suit the bracks of the roads in which they 
are to run,,aad are confined iq the carriage. by .means 
of clips, hoops and bolts. 

The shape of the axletree between tire shoulders, 
varies according to its situation, or the form of the 
limber with which it is. united*; those axle trees are 
the most firm that are flat tedded in the timber. 

The axletree- boxes frequently called wheel boxes, 
are long caseings fitted close to the arms of the axle- 
tree, and securely fixed in the wheel stocks or naves, 

» they are usually made of w rought sheet iron, of a 
I substance proportioned to tile weight of the carriage. 
|Tueir use is to contain a supply of grease, and to 
(prevent the effects of friction, whereby the wheels 
3 M are 
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are much assisted in their motion. There are many 
aorts of axletrees and boxes, either for die purpose 
of containing a longer supply of grease or oil; or 
to be more durable, or to secure the wheels, and 
lessen the draught. These are all great advantages, 
and though the expence is great, their utility must 
be more than adequate to it. The common axle- 
free and box, are of a conical figure, being strongest 
'at the back or shoulder, and regularly tapering to 
the end, through which the linch pin is fitted, a nut 
is screwed on the end of the axle, to keep the wheel 
on, the linch pin passes through this nut to prevent 
it from turning round, and coming off. This axle 
and box is most generally used, being simple and 
cheap, in comparison with the others; the box is the 
only part which wears, and is frequently obliged to 
be refitted to the arms, otherwise they give the 
•wheel -an unsteady motion, and soon exhaust the 
supply of grease. 

Mr. Collinge r »ef Westmin9ter-road, has for many 
years past manufactured a patent cylindrial axle* 
tree and box, which has very great advantages over 
the common sort. They have been a considerable 
time in use, and their advantages have also been 
fully proved, which principally lie, 1st. in the length 
of time they wear, — 2d. in the silent and steady mo- 
tion they preserve to the wheels, — 3d. the retaining 
the oil to prosecute a journey of two thousand miles 
without being once replenished ; and 4th. they are 
^very durable, and but little subject to be out of 
order. 

Those akletrees and boxes have also gone through 
some sonsiderable improvements since their origin, 
and have met with such encouragement that it has 
induced other persons to copy them so closely, as 
scarcely to admit of a decision in favour of either. 

Figure 5, is a section of the axletree and box, in 
which L is the axle tree arm made as perfectly cy- 
lindrical as possible, and of a peculiarly hard sur- 
face, the middle reduced to contain the oil necessary 
to feed the axletrees aft ’the two bearings b b, having 
a -shoulder c, against which the wheel box K K, 
takes its bearings, the adjoining collar is grooved 
for a washer to preserve the oil, and prevent noise 
in its Itse, with a rim e e, on the collar of the axle- 
tree, to answer the use of the cuttoo. The end f, 
is double screwed to receive two nuts for securing 
the wheel ; the one screw turns the way of the 
wheel, v the other the reverse, and is meant as an 
^additional security. 

iK K, is the wheel box cut through the middle, 
which is made of a veiy hard metal, nicely polished, 
and fitted to the arms, having a recess at the back 
part for containing a supply of oil. It has two 
shoulders c, the back one fits close to the rim of the 
collar, which it covers, the fore one projects without 
the surface of the wheel stock, and is screwed an the 
anside to receive the screw of the cap &, which 
-covers the nut and receives the waste of oil, i9 most- 


ly made of brats and Screwed on, or m thebot 
against the front of the wheel stock. This form of 
the cap is used to all but the common axletree. 

| The wheels to four wheeL carriages, should he 
formed as nearly of a height as the appearance and 
construction will permit, and if not requited for 
heavy work, or bad roads, the lighter they are the 
better. The fixtures from whence the draught is 
taken, should be placed rather above the centre of 
the largest wheel, for advantage of draught. 

The members of a wheel are of three descriptions, 
viz.— -the nave, the spokes, and the fellies : the nave 
is the stock, made of elm, in which all the spokes 
are fixed, and in which the axletree or wheel-box 
is confined to receive the axle arms. The spokes 
are straight, made of oak, firmly tenoned in the 
nave ; these are the support of the fellies or wheel 
rim. 

The fellies made -of ash or beech, form the rim of 
the wheel, and are divided into short lengths, in the 
proportion of one to every two spokes; those are 
fixed on the spokes, avid on them iron strakes are 
nailed. 

The height of the wheels regulates the Dumber of 
spokes and fellies that they are to contain, the larger 
the circumference of the wheel is, the greater num- 
ber of spokes is required t they should not be more 
to any wheel tlian fifteen inches distance on the 
fellies. 

The usual height of wheels extends to fivefeetD 
inches, and are divided in four proportions, to con- 
tain from 8 to 14 spokes, and half that number of 
fellies ; these are denominated eights, tens, twelves, 
or fourteens, which are the numbers of spokes in a 
wheel, or fellies in a pair. The height which re- 
gulates the number for an eight-spoked wheel, 
should not exceed three feet 2 inches, for a ten, 4 
feet 6 inches, for a twelve, 5 feet 4 inches, fora 
fourteen, 5 feet 8 inches ) these are the greatest 
heights for the different numbers of spokes to each 
wheel. As the fore wheels of a four wheel carnage 
receives more stress than the bind ones, the rule is 
when the hind wheels are of that height to require 
14 spokes; the fore ones, if under the necessary 
height before stated, should have twelve, never al- 
lowing the fore wheels to have more than two 
spokes less than what is needfbl for the hind tines. 

The patent or bent timber wheel, lias the rim of 
one piece, bent to die circle, instead of being put 
together in short lengths, or fellies, which arc liewu 
to the shape; the strength of the bent timber is pre- 
served while the other is destroyed ; besides, it is 
hooped with one piece of iron, instead of being shod 
with strakes, and will often last twice the time in 
wear that the others will and has a much lighter and 
neater appearance, on which account it is often 
prefered. 

The mock patent. Or hooped wheel, comes very 
near the others in appearance and use, particularly il 
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’toade with ash fellies ; at the preservation of both more; it is prefered for those carriages that areal- 
lies chiefly in the hoops that the wheels are rimmed ternately used for town and country ; these kind of 
with. It is composed partly, on the patent plan, boxes are simply fixed by means of plates, which 
and partly on common method, having the timber the clip the transom, and are stayed on the hind or boot 
same as the strake, and the iron as the patent bar, and fixed with collar-bolts, 
wheel. The Salisbury boot, though bulky and of a heavy 

The comtnon sort of wheels are preferred by appearance, is by far the most convenient and fash- 
many, on account of their being more easily repair- ionabie coach-box in use; it is boot and coach-box 
%d, than the hooped or patent wheel, but, though together: and although it be apparently heavy, it is 
the repairing of them i6 more difficult, yet they are not more so than the common box and boot, toge- 
much less subject to need it. ~ ther, as the inside is all a cavity, which is peculiarly 

Boots and budgets are mostly understood as one convenient for luggage, having a large, flat bottom, 
article, though sodifferently called; they are intend- which resting on the framings or blocks, makes it 
ed for one purpose, which is that of carrying lug- more steady than coach-boxes, on the common prin- . 
gage, and are usually fixed on the forepart of the ciples. This sort, however, is not so convenient to 
carriage, between the springs; the principal differ- remove, and when taken off, the vacant space must 
ence lies in this ; one is made with a loose cover, be filled by another kind of budget, such as is usual- 
and is properly the budget, being made convenient ly put on to post-chaises. 

for trunks; these sort of budgets, for travelling car- We shall now proceed to some practical direc- 
riages, or common post-chaises, are, by far, the most tions, with regard to the structure of a carriage, 
useful, the others are boots, of a trunk form, made Previously to making the body of a carriage, a 
more square, and adapted to town carriages, but drawing is made on a square canvas, by this the 
-can be of no other advantage than that of carrying workman makes his patterns, marks out Ins timber, 
loose hay, horse-cloths, &c. From one or other of and saws it according to those patterns. The bot- 
these boots, conveniences are sometimes made for tom which is the essential or main timber of the 
the substitute of a coach- box, to save labour to the whole, (as all the rest principally depend upon it), 
horse when the carriage is used for post-wcrk, or to is of a circular form, four feel long, compassed six 
preserve an uninterrupted view from within. inches from the centre, two inches deep, five inches 

Boots are frequently used at the fore end of and half wide in the centre, reduced at the ends to 
phaetons, and then mostly have the fore springs fix- two inches. From the front of the bottom side, at 
ed thereto, by means of carved block*, which arc the distance of two feet niiie inches, close to the 
bolted to their sides ; these usually have the step outer circle are framed the standing pillars, the 
for the entrance to the body, fixed or hung. Boots length two feet six inches, one inch and three {mar- 
aud budgets are sometimes used to the hind part of ter* thick, and two inches and three quarters cheep, 
travelling carriages, but more frequently to the hind sweeping outward at the bottom, three inches to 
parts of phsetons, gigs, or curricles, and are of two make the side of the ixxfy of a circular form, The 
sizes less than what are used to coaches or chariots, front pillars are two feet six inches long, and nine 
Platforms, raisers, or blocks, are added to a car- inches wide at the bottom, reduced by an easy 
riage, cither as matter of necessity or appearance, sweep to two inches and three quarters at the top, 
their use is to elevate and support the budget, boot, and the whole is two inches and three quarters 
bind foot-board, and springs; they are generally thick, framed into the front of the bottom side two 
placed on the side of the carriage, and relieve the inches from the point on the outer circle. The cof- 
lnside framings from being obscured by the plat- ner pillar (two feet six inches long, two inches 
forma, as they are lightened and moulded, and give square^ compassed at the bottom five inches, to make 
(be carriage a more airy appearance. a continuation of the sweep of the bottom side, and 

A handsome coach-box, is a great ornament to a form a circular quarter), is let into the extreme hind 
carriage. Of these there are various sorts now in- point of the bottom side on the outer circle. To 
traduced, to save unnecessary burden to the horse, the inside of the bottom side, is framed the front 
and fatigue to Abe driver, which are two very mate- bar three feet long, two inches and an half square, 
rial objects. The objection by many persons to a at the distance of two inches from the point, the 
coach-box, is the obstruction it gives to the view; hind bar three feet four inches iotig* two inches 
but they %nay be so adapted as not materially to af- and an half square, framed in the same manner three 
feet the sight; and any convenience, however simple, inches from the point. On the bottom of the bot- 
is better than fatiguing both man and horse ; but, tom side, is fitted a wooden rocker^ which continues 
to carriages Used in town, a substantial coach- box is from end to end, three inches wide, and four deep, 
indispensably necessary, as it affords so material an in the centre, reduced to a point at the ends, fixed 
advantage to the driver. on with iron bolts, level with the inside of the bo t* 

The standard coach-box is the most general and tom side. To the rocker the bottom, (consisting of 
simple in use, as it is light, and convenient to re- deal boards grooved breach other), is nailed ' and 
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strengthened with iron plates, extending frorn back | 
to front; the outside elbow is then framed, the 
length two feet one inch and a quarter thick, and 
three inches wide, in the middle reduced to one 
inch and an half at the ends, and turns up at the 
back part two inches, in an easy sweep is fixed on ! 
the standing pillar nineteen inches from the bottom 
side, and the turn up part on the corner pillar four- 
teen inches from the bottom side. In the hind pil- 
lar is framed the rail, three teet five inches long, one J 
inch thick, four inches deep, 12 inches from the hot- \ 
tom side, over which at the distance of five inches, 
is framed the sword case, rail of the same length, 
1| inches square, compassed 1 inch, between the 
standing pillars is framed the seat rail, 4 feet long, 
2 inches square, at the distance of 6 indies from the 
bottom side, square with that to the inside of the 


[pared for the head. In the standing pillar b fixed 
; a strong iron joint, to which is fitted the top pillar 
I of two teet long, and three inches square, in the top 
of it is fixed the top door case with a joint and 
I hinge, three inches from the. standing pillar full 
j length, three feet six inches by three inches in the 
; centre, reduced at both ends to 2J inches; the front 
j pillar of one toot ten inches in length, and inches 
: square, fastened w ith a double hinge joint, the trout 
I of the door case fitted at bottom, on the top of the 
! front pillar, and fixed to that with a strong dote- 
i tail lock ; the front top rail 3 feet 7 inches long, ami 
inches square, compassed 1 inch, and the top and 
bottom is fixed to t lie front part of the door cases. 
In the centre of the fore end is fixed tire middle 
front pillar, length four feet, 21 inches wide, and 
. J} inches thick, uv-t he centre of which pillar, is a 


corner pillars, is screwed the back seat rail. The ; hock joint, the upper part fastening withadovr- 
front latten rail, 3 teet seven inches long, J inch ! { tail plate and bolt. The whole of the pillars are 
thick, and I£ inches deep, is framed in the front i. then grooved out for the glasses and blinds; the 
pillars, distant from the bottom point one foot four , doors and front outside, being now finished, the in- 
inches. The fence rail of the same dimensions 10 ;[ side is boarded up with thin deal to receive the 
inches higher. The doors are made with two up- j| lining and preserve the glasses. The seat is then 
right pillars, both of the same dimensions and sweep : finished, by fixing boards on the seat rails, from the 
as the standing pillars, one of which is called the ! back pantiel one foot eight inches. The hind upper 
hinge pillar, the other the shutting pillar, in which quarter is formed by two compass slats (fixed to a 
is framed a batten and fence tail, of the same dimen- neck plate in the standing pillar joint), 2 feet eight 
sions and distance as the front 2 feet long, each inches long, 2 inches at top, reduced to 1 inch at 
compassed 1 inch on the outside, making a regular bottom and t inch thick; on the top of the hindslat, 
sweep w ith the elbow. In the bottom is framed the is fixed the back rail 3 feet 5 inches long, by 2 
door bottom, 2 feet long, 2\ inches thick, and 31 1[ inches square, sweeped to correspond with the firoi.t 
inches deep in the centre, compassed to the top of., rail, on the lop of the other slat is fixed ahoopstick 
the bottom side. ! of the same, sweep 3 feet 10 inches, by 1 inch thick 

The whole body being now framed, is grooved *and 2 inches wide. Onthetopof the door case are 
out to receive the pannels and rounded off for carving; fixed three more hoop sticks of the same dimensions 
when carved, the pannelling commences, which is of at the distunce of 2 inches from each other. Ofl the 
dry mahogany, planed thin to the grooves, the. hind back of the elbow and to the corner pillar, is fixed a 
pannel is then cut to the size between the comer strong iron prop, which projects six inches from the 
pillars; the lower back fail and bottom bar being body; secured inside by an iron stay, as also one on 
then compassed by heat to the sweep of the pillar, the top of the standing pillar projecting 1J inches 
and fixed to the bottom sides with the pillars, in the ends of which props the main joint is fixed; 
through- which 2 iron bolts are driven and screwed the lower slat and top rail is then fixed up 18 inches 
on the inside.— The same process is observed with from the back rail; and the upper slat and hoopatick 
the front quarters, and doors, previous to which, fixed 10 inches from it, on the elbows made to the 
battens are fixed to force the pannels on the sides to sweep are fixed two strong iron plates o inches deep, 
'a circular form; the pannels are then strengthened The steps are then; fixed in the centre of the door 
on the inside by small pieces of wood !£ inches way in the bottom sides with holts, .width 1 1 inches 

square and^ inch thick, fixed all over them w ith depth, if treble, 11 inches, if single, l(j inches, cased 

glue, which is called blocking. — The swordcase is round with deal to conceal them, (when the body h 
thejifixqd in the hind part, by screwing two solid lummed); the body loops are fixed on the bottom ot 
pieces of ash to the corner pillar projecting in the the rockers, with bolts and nut headed screws, the 
* centre 8 inches, round which is turned by means of hind liody loops 13 inches compressed to fancy; the 
heat, a thin deal board strengthened inside with front bendy loop to the head 18 inches from which pro- 

glue and canvas ; the doors are then hung with coed? a horn (j inches long, jointed at top, to a split 

brass h»nges, fixed in the fore pillars, and fastened j stay, which takes the foot board at lS inches disan.c : 
when shut with a spring lock and dovetail catch to the other part extending upwards to the bottom of the 
the standing pillars, round the bottom and upright baroucli seat iS inches; there is also an iron stay 
edges, are screwed bra^s rabbit plates, to give a good fixed in a socket at the top part in front of the fore 
finish and hide the joints. The pillars aria then pre- pillar, which fastens, to the bottom of the seat at the 
. . ' distar.ee 
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distance of 16 inches from the body; the width of each side with lace, through which the hand holders 
the seat 15 inches, and length SI inches, rounded at pass, and are nailed firm to the standing pillars, fix 
the hind corners, made of a solid board, on the top in the front, finishing the sides with the line of lace, 
of which an iron is fixed 12 inches high, level with' the which forms part of the front light, fix on the door 
outside; the foot board SI inches long, 17 inches lining, finishing the edges with a row of parting lace 
deep, and from the seat to the centre 18 inches, which allround. The steps are mostly now very hand- 
finishes the body from the coach maker’s bench. somelv finished, one side being morocco, and lined 

The body being compleated from the coach with cloth or velvet, welted all round, and the front , 
maker’s, it * is usual next to cover the sword bound with broad lace. The treads are usually car- 
case with a piece ot fine' neats leather prepared for p^t, and besides a carpet fitted in the bottom ; most 
that purpose, and put on Wet with paste or white carriages have spring curtains made of silk, on bar- 
lead to keep it from rising in the hollow part. A rels with silvered ends, the cutting out and fixing 
veiy great improvement has lately taken place in co- up of which, forms a part of the inside trimming, 
vering the top parts of coaches, and chariots, by put- The outside upper part is covered with oiled linen, 
ting the leather on whole, so as to prevent the possi- previous to being covered with very strong grained 
bility of wet penetrating, as^was frequently the case neats leather, which is closed and welted together to 
w hen put on in separate pieces, and joined on each fit the roof quarters and back, and when fixed on, 
other by nails &c. The pannels of the body are completes the trimmings of the body, the seat, the 
painted three or four times with oil colour, and se- top iron, is usually platted with neats leather, and 
veral times after with a composition of ground japaned, round it a squab or cushion is fitted, the 
white lead, spruce or brown ochre, turpentine an3 back part of strong leather, the front or inside cloth 
varnish, and when hard, rubbed to a smooth sur- puckered in full, and welted all round, stuffed and 
face with pumice stones and water, the colour what- tufted, and fixed in the top iron with straps made 
ever it may be, is laid a sufficient number of times up with buckles. Inside tlie iron the cushion for 
to be solid, and varnished twice, previous to arms, if the seat is fitted, and a fall is fixed along the front 
any being put on, afterwards varnished as often as part, a deep valance all round the seat of very strong 
required being various according to colour &c. &c. leather, and a leather from the foot board to the front 
The process of painting the carriage, is by giving it a of the seat, which is called a heel leather, bodies are 
sufficient number of coats to fill up the grain of the a greater or less degree, ornamented with beading, 
wood, rubbing it between each epat with fine sand of which there are three sorts, plated, brass, and 
paper, till it becomes smooth, then ornament it by queens metal; bv the quality of which, buckles, han- 
picking out, and varnish it as often as the nature of dies, crests, and other ornaments are guided, on 
the colour requires, which never exceeds four times, the front upper pillars are fixed the lamps, which 
The inside of the body is then trimmed, the art of have been much improved of late years, and are 
which consists, in fitting a lining in it composed of usually made to burn candles; the body and carriage 
cloth, leather lace ^c. in the most ornamental and thus prepared r are fixed together, by suspending the 
comfortable manner. The roof, the doors, front, body loops to the springs of the carriages, by leather 
bottom quarters, seatfall, and the bottom part of the braces made of several strips, strongly sewed toge- 
cushions are usually cloth, the upper ouarters, top ther with buckles fixed in them; there are also 
and bottom back, elbows, and top of the cushions cheek and collar braces, fixed to the upper and low er 
morocco. The process is this; first cut out tlie roof and part of the body, to prevent any violent motion which 
all the larger parts of the lining; fit the pockets it would otherwise have. 

and falls on the front and doors, the pockets and falls Mr. Birch, of Great Queen-streeL London, ob- 
air usually bound with broad lace. The morocco tained, in the year 1807, a patent for an improve- 
psrt of the dining with the exception of the cushions ment in the construction of the roofs and upper 
and elbows, are made with canvas backs, and bound quarters of Landaus, Barouches, and other carriages, 
with narrow lace, stuffed full with curled hair, and the upper parts of which are made to fall down, 
tufted with silk or worsted. When the lining is cut which improvement is thus described, 
out and made up, proceed to line the inside of the Frame and fix in the top quarter rails to the top* 
Jwyord case with serge, or shalloon of the colour of of the standing pillars ana slats, and fix the slats to 
the lining, paste up slips of cloth round the lights, the neck plates ; rabbit the under parts of the stand- 
aad paste cloth on the recess of the door left to con- ing pillars, the top quarter rails and the slats, and 
tain the, step: nail lace aH i^ouiid the lights, and board them with tnin deals, or any other proper ma- 
fiaish round the same with narrow lace, called part- terial. Let the crown,- pieces or cornice rails be long 
ing, fix in the elbows, the bottom, back, bottom enough to bevel or mitre into the corners of the top 
quarters, top back, and top quarters, fixing up the of the standing pillars ; and let in the hinges and 
roof which is fastened to the noop sticks by narrow thimble catches on the top of the crown-pieces and 
>lips of list nailed to them, and screwed to the roof, top of the quarter rails. Fix on the hoop sticks and 
She pillars are lined with slips of cloth, bound on back and front rails, and board them all up, except 

* 3N .the 
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the two hoop sticks which are nearest to the hinges, 
which may pe placed as dose as possible, to admit 
of the head sticking conveniently low. Conceal or 
let in one or more boxed locks to the centre hoop 
sticks, or at least the hoop sticks which unite the 
thimble catches, and fix them so as that they may be 
opened by a key on the inside of the carriage. 
Stretch strong canvas, or other fit material, and nail 
it, or otherwise fasten it, both on the inside and the 
outside of the slats and elbows, and stuff it between 
with flocks or tow, or other fit material. Likewise 
stretch and nail on or fasten canvas, or any other 
jproper material, to the top hoop-sticks, on the roof j 


which are nearest the hinges before you put on the 
leather covering. 

\ The patentee says, that in travelling, a carriage 
built upon this construction, will cany one or more 
imperials on its roof, without interfering with the 
regular process of opening it, and when in that situ- 
ation, will remain without doing the least injuiy to 
its upper parts. Another advantage is mentioned, 
viz. that the spring curtains to the landaus remain 
without being removed, whereas those on the old 
plan were obliged to be taken dawn before them 
was a possibility of openiug it. 
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The Comb is a well known instrument, made of 
horn, ivory, tortoise-shell, box, or holly- wood ; and 
is used for separating*, adjusting, clemsing, and or- 
namenting the hair. The commoner sorts of combs, 
are generally made of the horns of bullocks, or of 
elephants and sea horses teeth ; some are made of 
tortoise-shell, and others of box, holly, and other 
hard woods. 

Bullocks horns are^thus prepared to be manufac- 
tured into combs ; the tips are to be sawn off, after 
which they are to be held in the flame of a wood 
fire, till they become nearly as soft as leather. In 
this state they are split open on one side and pressed 
in a machine between two iron plates, then plunged 
into a trough of water, from which they come out 
hard and flat. When the horn is cut to the size in- 
tended for the required combs, several pieces are 
laid upon a pair or tongs, adapted to the business, 
over a fire, made chiefly of joiners shavings, to 
soften them. They are frequently tamed, and when 
sufficiently soft, are put into a vice and screwed 
tight to complete the flattening. When this process 
is finished, the horns are perfectly flat and hard ; 
they are then given to a man who shaves, * planes, 
or scrapes off the rough parts with a knife, similar in 
shape to one used by coopers, having two handles, 
which the comb-maker works from him, across the 
grain of the horn, from one end of the intended 
comb to the other. When both sides are perfectly 
smooth, it is delivered to the person who cuts the 
teeth. This workman fastens it with wedges, by 
that part meant for the back, into an instrument 
called a clam . The dam has a long handle, which 
the workman places under him aB he sits, by which 
means he renders the object of his work firm and 
steady, and he has, at the same time, both hands at 
liberty to be employed in the operation. The cut- 
ting of the teeth is commenced by a double saw, of 
which each blade is something like the small one 
with which joiners and cabinet-makers cut their fine 
work, with this he forms the teeth. As this instru- 
ment leaves the work square, and rather in a rough 
state, particularly in the inside edge of each tooth, 
it is followed by another about the size and shape 
of a case knife, having teeth like a file, on each fiat 
side. After this, two others of the same shape, but 
each finer cut, than the other follow. One stroke on 
each side of the comb is then given by a rasping 
tool, which is used to take of any roughness that 


may remain on the sides of the teetli ; it is now de- 
livered to another operator, who polishes it with rot- 
ten stone and oil, applying them with a piece of buff . 
1 leather. 

The process used for making ivory-combs, is near* - 
ly the same asthat just described, excepting that the 
■| ivory is first sawn into thin slices. The ivory from 
j Ceylou, is reckoned the best, as being less liable to - 
| turn yellow, by exposure to the atmosphere; The 
• whiteness which ivory acquires, depends chiefly on 
the degree of dryness which it has acquired. When 
yellow, its gelatinous, matter is altered A>y. the air, 
and appears combined with the oxygon of the atmos- 
phere. Heat cannot be made useot for making i vory 
pliant, though it is rendered softer by being expos- 
ed to that agent.. It is, as we have observed, divid- 
ed by the saw, and for veiy delicate work, the oper- 
ation is sometimes performed underwater, to pre- 
vent its being heated or rent by the action of the 
tool. . It is polished with pumice stone ond tripoli. 
Ivory has been said tt> become soft by being placed 
in mustard, but both ivonr and bone are softened by 
jeing immersed in an alkaline-ley made of soda 
and quidc-liroe. • f 

We shall now give some account of the method of 
cutting combs adopted by Mr. William Bunday, of 
Camden town, .and who obtained his Majety’s let- 
ters patent for the invention. The term of his exclu- 
sive privilege being we apprehend compleated, it is 
open to any manufacturer to make what use he pleas- 
es of the discoveiy. 

It appears, says the writer in the monthly maga- 
zine, at first sight to be a singular circumstance, 
that in a countiy famous for.its attention to 'mecha- 
nical processes, the teeth of ivory combs, should be 
cut one stroke after the other, by the human hand, 
assisted by no other tool than a pair of saws rudely 
fastened in a wooden back, and kept asunder, by 
means of a small slip of wood. With thesd* rough 
implements, however it is, that tlie very delicate su- 
perfine ivory combs, containing from 50 to 60 teeth 
in ari inch, are manufactured. It may readily be 
conceived, that the imaginations of mechanical men, 
must have been employed in an attempt to solve the 
practical problem of constructing a machine, which 
without skill in the agent or first mover, might per- 
form all' that men converted by practice, into a kipd 
of living machines, are capable of doing, but with 
less cost, or greater product, in proportion, 4s it is 

easier: 
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easier to maintain the one than the other. Accord- 1 
ingly it is not difficult to find traces of attempts of 
this kind during* the last 40 years, in the traditions 
of our manufacturing towns and counties. From 
what causes their failure may have arisen, since 
non** of them have been established to supersede the 
old practice, is not easy to discover, but it is certain, 
.that Mr. Bundy’s machine, is the first and ouly one 
which has yet appeared at the patent office. Its con- 
struction is as follows : 

-An iron fly wheel of three feet in diameter, is 
moved by a crank and treadle, or by any other pow- 
er or means of application. On the same axis, is a 
wheel or pulley of 15 inches diameter, which by a 
gut, drives another pulley of nine inches attached to 
a puppet head above, sheers resembling those of a 
common foot lathe. An arbor is driven bv this up- 
per wheel, in the same manner as work is thrown 
round between centres before the mandrell in the 
common lathe. Ou the arbor are fixed a number of 
circular cutters, about two inches diameter, corres- 
ponding to the notches intended to be cut in the 
combs. These cutters are all of a thickness, and 
have brass washers between them, and also from ano- 
ther arbor in a frame there are steel pieces, called 
guiders, which stand between the cutters, and keep 
them regularly asunder, just above the place where 
the comb enters. 

The comb is held by a plate and two screws, upon 
the top of a block or carnage, which runs off and on 
by means of a platform, ana dovetail upon the lathe 
bed. The comb moves m its own plane, right on- 
ward, to the centre or axis of the cutters, and the 
carriage is driven by a screw of ten threads in the 
inch, into which a knife edge from the carriage fells, 
instead of a nut. On the extremity or tail of the 
screw is fixed a spur wheel of thirty teeth driven by 
an endless screw, the arbor of which last i9 of course 
parallel to the arbor of the cutters. It is driven by 
a pulley of six inches concetric with the cutting ar- 
bor, and itself has a pulley of thyee. 

Hence if the great wheel be moved once round, 
per second, the arbor will revolve \ 5 times and 
the endless screw arbor %° times but from the 
dimensions of the screw, 30 revolutions of the end- 
less screw maTte yVinch of the tooth, or 150 revolu- 
tions make { inch. With this length of tooth, the great 
wheel will revolve 45 times, and the cutting arbojr 
7*5 times. One side of the comb will therefore be 
cut in three quarters of a minute. 

The combs are pointed by applying them to an 
arbor, clothed with cutters, with chamfered edges 
and teeth inch deep, they are applied by the 
hand. This arbor is driven by a wheel on the 
crank axis. 

The cutters are made of tempered steel, as are 
also the guides, the teeth of thp cutters are set so as 
to Ideal* the back or following part from the friction 
in the cut. 


"The cutlers, the gutter washers, the guides, and 
the guide washers, are all ground flat and thin, upon 
a brass plate, in the same manner as optical work is 
ground ; during which operation, the piece is re- 
tained again on an upper movable plate, of ita own 
size, by means ofa circular rim or edge which is ad- 
justable by screws, so as to form a deeper or shallow- 
er cell, as may be required, 

The guides are one twentieth part thinner than 
the washers of the cutters, and the guide washers are 
somewhat thicker thUH the cotters, and there are 
grooves in the sides of the guides that the teeth of 
the cutters may pass clearj notwithstanding .their 
side sets. 

The w riter had an opportunity of examining one 
of the cutters of this artist, which had been given 
by him to a friend. It was beautifully wrought* 
very uniform in its thickness, which was about 
the -jVff of an inch, and the sets of the teeth which 
seemed to have been affected by the blow of a 
punch oil every other tooth was extremely accurate, 
it was not perfect iy flat, but had that kind of flex- 
ure which workman call a bpckle. He also saw an 
ivory comb of 40 leeih in the inch, which was very 
uniform, and equal to the best work done by hand, 
except that the cut seemed too wkle. 

It appears to be placed beyond a doubt, that 
combs may really be cut in this way; but whether 
to advantage, must depend on the cast and durabili- 
ty of the cutters, which it is to be feared, may be 
bended and spoiled in a course of. work, by their in- 
cessant friction betweeu the guides. It may also be 
remarked, that they cannot be taken off the arbor 
to sharpen or repair, and be put on again without 
changing the degree of fineness in the comb they 
will cut. For if we suppose an error of one thou- 

santhof an inch ip grinding or callipering the cutters 

and washers, or in the different force of screwing 
them together on the arbor ; this will' make a dif- 
ference of one third of an inch, or the breach of se- 
venteen teeth in a superfine comb. No. 6, which 
if coarser would bring it more than half way to the 
sort called dandriff, or if finer, would equal the box- 
comb. Besides, which a much less difference would 
totally destroy the agreement or fitting between 
cutting and pointing. A more particular account of 
the patent invention, with engravings, may be found 
in the repertory of arts for the year 1796. 

Tortoiseshell combs, as they are called, are very 
much used. It has, however, been properly observ- 
ed by authors, that the hard strong covering which 
encloses tortoises, and which is used on these occa- 
sions, is improperly denominated a shell; being ofa 
bony contexture, but covered on the outside with 
scales, or rather plates of a horny substance. There 
are two general kinds of tortoises, viz. the land ana 
the sea tortoise; the latter is divided into many dis- 
tinct species, but if the leshido-imbricala of Lin- 
naeus, which alone furnishes that beautiful shell so 

much 
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■inch admired in European countries. The spoils 
of (he tortoise consist in thirteen leaves or scales, 
eight of them are flat, and five bent. The best tor- 
toise shell is thick, clear, transparent, of the colour 
of&ntimooy, sprinkled with brown and white. 

Tortoise shell, like horn, becomes soft in a mo- 
derate heat, as that of boiling water, so as to be 
pressed in a mould, into any form, the shell being 
previously cut into plates of a proper sine. Two , 
plates may likewise oe united into one by heat and ! 
pressure, the edges being thoroughly cleaned, and 
made to fit close ' to one another. The tortoise 
shell is conveniently heated for this purpose by ap- 
plying a bet iron above and beneath the juncture, 
with the interposition of a wet cloth, to prevent the 
shell from being scorched by the irons ; these irons 
should be pretty thick that they may not loose their 
heat be-ore the union is effected. 

Torn ise shell being in so much request, many 
methods have been invented for the purpose of 
staiifiog horn so as to imitate tortoise shell; of which 
the following is cneJ 

The horn to be dyed, being first pressed into a 
fiat form, is to be spread over with a kind of paste 
made of two parts of quick lime and one .of litharge, 
brought into a proper degree of consistency with 
soap-ley. This paste must be put over all the parts 
of the horn except such as are intended to be left 
transparent, to give it a nearer resemblance to tor- 
toise shell ; the horn must remain in this state till 
the paste be quite dry, when it is to be rubbed off. 
It requires a considerable share of taste, and judge- 
ment to dispose the paste in such a manner as to 
form a variety of transparent parts, of different mag- 
nitudes and figures, to loot like nature. Some 
parts are, by a neat process rendered semi-transpa- 
rent, which is effected by mixing whitening witn a 
part of the paste, to weaken its operatiou in parti- 
cular places; fay this means spots of a reddish brown 
will be produced, so as greatly to increase the beau- 
ty of the work. Horn thus dyed is manufactured 
into combs, which are freouenily sold for real tor- 
toise shell, we shall now add two or three other di- 
rections on subjects connected with this business. 

To wake horn soft . — Take w od-ashes and qiuick 
lime ; of these make a strong ley f and filter it clear, 
boil the shavings or chips of horn therein, and they 
will soon be reduced to a paste ? this may be colour- 
ed. and cast into any form required. 

To prepare horn leaves in imitation of tortoise-shell. 
—Take of quick lime one pound, and litharge of 
sifter eight ounces, mix them into a paste with 
trine, and make spots with it, in what form or shape 


you please, on both sides of the horn ; when" dry, 
rub off the powder, and repeat this as many times 
as necessaty. Then take Vermillion, prepared with 
size, lay it all over one side of the horn, as also on 
the wood, to which you intend to fasten it. For 
raised work, form the bom in a mould of any shape, 
and when diy give it colour with the aforesaid 
paste aud Vermillion, then lay clear glue, both on 
the horn and the wood on which it is to be fixed, 
and close it together. This work is to be done in 
rather a warm place, it is then to stand all {night? 
the roughnesses are to be cut or filed off^ and the 
horn polished with tripoli and linseed oil. Work 
finished N in this manner is well adapted for ladies 
combs. 

Another method of imitating tortoise-shell with 
horns . — Take of Nitrous acid two ounces* and of fine 
silver one drachm; let the silver be dissolved, and 
having spotted or marbled your horn with wax* 
strike the solution over it r let it dry <of« itself, and 
the born wilt be in those places which are free from 
wax, of a brown or black coloocv 

To dye Ivory greeny to berused 'as* combs . — A green 
dye may be gitea to nroryy. by steeping it m nitrous 
acid, tinged with copper or verdigris, or in two 
parts of verdigris, aud one of sal ammoniac, ground 
well together, with strong^white wine vinegar pour- 
ed on them; and by converting, the nitrous acid 
into aqua regia,, by dissolving q fourth part of its 
weight of sal ammoniaoiait, ivory may be stained 
of a fine puiple colour* 

To dye Ivory , S?c. with' other colours . — Ivory, 
bone. Worn, ana other substances adapted to tne 
manufacture of combs may be stained yellow, by 
boiling* them first in a solution of one pound of 
allum in two quarts of water, and then boiliog them 
in a solution of turmeric root. Ivory, &c. may be 
stained blue, by first staining it green, and then 
dipping k in a solution of pearl ashes, made strong, 

• and boiling hot. It may oe accomplished also by 
boiling in the tincture of indigo, prepared by tWe 
dyer*, and afterwards in a solution of tartar, made 
by dissolving three ounces of white tartar, or cream 
of tartar in a quart of water. 

Combs are sometimes set with brilliant stones, 
pearls, and even diamonds ; some are studded with 
cut steel, these are of different shapes, and are used 
to fasten op the hair when ladies dress without caps. 
Of course combs may be bad of all prices from a 
few pence to almost any sum. Journeymen comb 
makers will earn from SSs. to two guineas per 
week. 
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'CooPEitiNr/ consists in manrufaeturing casks and 
vessels used for containing and transporting all 
-kinds of liquids, &c. It must have been a trade 
almost coeval with our existence, it being of the 
very first necessity. The art of Goopering has ena- 
bled man to possess and retain the -richest “viands 
of foreign climes. It promotes and facilitates the 
export and import of tne produce of distent coun- 
tries, which have enrichea the merchant, supplied 
the wants and luxuries, of the people, enriched the 
revenues, and given spirit to navigation. It is im- 
possible in reflecting on the utility of this trade, not 
to feel that it occupies a much greater space in our ; 
existence thaif it at first appears to do. I 

It supplies in the first place, all the necessary fa- 
cilitates of our-very extensive breweries and distil- | 
leries. It enables our colonies to exist, by offering 
a ready transit to their produce, and in fine, it is a 
trade which has developed to unreflecting man, the 
bounties of divine providence in a most especial 
manner. The trade in London i8 divided into 
several ramifications, and the persons carrying it on 
us well as’the journeymen, confine themselves res- 
pectively. They are designated by first “ Butt 
*Cooper,^’ whose employ consists in manufacturing 
all kinds of casks for breweries, &c. also the Pun- 
cheons and Hogsheads for distilleries. Their working 
tools are but few in number, the first, an 44 adze,* 
similar to the same* tool made use of by Carpenters, 
except the handle only being about ten inches long, 
he has also an axe, with this and the adze he re- 
duces the staves to the form he wishes, he has also 
a bench, consisting of a piece of simple plank, and 
generally 4 or 5 feet long, and one foot wide, stand- 
ing on four feet, raised to about 2 feet high at one 
end, and 18 inches at the other, forming an incliiied 
plane on its top ; there is a stop and two upright 
keeps at eafcb end of the top of the bench, 
which serve the purpose of keeping the stave firm- 
ly on it, in the operation of jointing. Their planes 
consist of two or three only, called * 4 jointers,” 
similar to the same kind of tool used by 'Joiners. 
It is used by the butt cooper from^S to 4 feet long, 
and with which he makes all his jdints, it Requires 
to be kept in good order, and to be exactly true on 
its face, and the mouth of the plane small, with the 
iron thin and sharp. 

The shave is a machine similar to a'tool called a 
44 spoke-shave,” of rather larger dimensions than the 
common ones used by Carpenters ; /but ceopers 


use them of various size*, it is a sharpened piece of 
hardened metal, with two legs let into a small Mock 
of beech-wood, rounded on the face, and shaped at 
the ends so as to be held in the hand by the work- 
men, the iron is sharpened as planes are, and it is 
fixed in the stock by two small wedges. With this 
tool the cooper smooths and finishes the inside and 
outside of all his casks, rounds and shapes their 
edges, and in fine finishes his work for use. The 
tool called a tooth, commonly 44 the old woman's 
tooth,” is -made not unlike the 44 shave,” except the 
iron which is* in fact the tooth, it is very narrow 
approaching an arris, and it is kept sharp, and used 
for making grooves round the top and bottom of the 
stave?, to receive the ends of tne cask. They use 
also a serief of Bitts, called 6entre and doweling 
Bitts, the former are used for making perforations 
to insert cocks and other conveniences for filling or 
emptying the cask*, the latter for boring the edges 
of two opposite joints^ in the tops and bottoms of 
vessels inquired to be doweled together. 

Doweling i9 no more than fixihg in oaken pins in 
the joints^, and made use of, only to large vessels to 
prevent the joints from swaggiirg from their places; 
it is of the greatest utility, and a good cooper 
never neglects to do it; it is confined to the tops 
and bottoms only. A hoop 44 technically 1 ’ is to the 
cooper a model, into which befits all hi* staves; 
this model or ltoop is of ascertained dimensions, and 
is a& various as the numerous different vessels made 
use of, for instance, they have a hoop for butts, 
hogsheads, puncheons, barrels and all other casks 
required for the different quantities of liquids to be 
vended at a butt coopery, on a large scale. These 
hoops are laid down, and the work js divided aipong 
the most expert in their several ways. Some .men 
are employed in hewing the staves and reducing 
them to their lengths, others in jointing and fitting 
them into the hoop, and some in preparing the topi 
and bottoms, while others are deanmg and smooth- 
ing the staves to receive the ends and final hooping 
The staves made use of by the but cooper, are invari- 
ably of oak, and xmtil very lately, wholly import* 
from the Baltic, and sold in the market by a mer 
chant, called the stave merchant. The staves art 
imported in the several lengths required, and sold b; 
the 'thousand, under the following designations, via 
Pipe staves about five feet <i inches long, two incite 
thick and six inches wide ; hogshead staves fon 
feet long; barrel staves three feet 6 inches long 

Thei 






Digitized by 



COOPERING 


835 


There are also to be met with, long and short head- 1 
ings. the former run about SO inches in length/ and 
the latter from 20 to 24 inches ; these various staves 
are found to meet most of the required purposes of 
coopery. The retail merchant sorts and divides 
them for the consumer into the best pipe staves, ‘se- 
conds &c and the same to the hogshead, and barrell 
staves. The headings are sold generally as import- 
ed, the Dantzick and Hamboro staves are consider- 
ed the best Although great quant ites are imported 
from Riga, Memel and Koningsberg; the pipe staves 
from Dantzick or Hamboro, will fetch from £200 
to £850 per thousand, of six score to the hundred, 
and they rose lately when all communication with 
the Baltic was stopped, as high as <£500 P er thou- 
sand, and the smaller staves in a proportion. This 
event gave rise to the introduction of staves from 
Canada, which soon superseded the necessity of the. 
importation from the Baltic, and there is now in the 
market from our,own possessions, in America abun- 
dance of staves of all descriptions; fold by the de- 
signation of Quebec and Canada staves, and at 
two thirds the price of those from the Baltic, they are 
however, not found to be so durable, but they work 
better, and make a neater utensil. The Dantzick 
staves still continue to be purchased for the Brew- 
eries, in preference to the American, from the expe- 
rience of its superiority in strength and durability. 
All .the American wood, possesses more beauty than 
Strength. . In the article of fir, of which there is an 
immense consumption in these Kingdoms, and which 
have latterly received almost their whole supply 
from Canada, and in order to encourage the impor- 
tation from these settlements, the import duties have 
been made considerably less, than from the Baltic, 
but in building as in coopery, the cleanness and 
straightness of the grain of the timber, is a poor set 
off for its want of strength and durability; which 
qualities the timbers from America, certainly want 
in comparison of those from northern Europe. Iron 
the cooper is not in need off, because its place can 
be supplied with other materials; except for his 
working tools. But England abounding in iron, it 
is found economical to make our hooping of that 
metal. I ron hoops are obviously the best for the butt 
cooper, whose staves are usually of good substance ; 
but in cases in which the staves are thin, iron hoops 
should be avoided, or at least but partially employ- 
ed. The oxide of iron of which these hoops supply 
abundance (commonly known as rust) eats away and 
destroys the wood with which it comes in contact, as 
well as the hooping itself ; Foreign casks are seldom 
bound by iron; not always from the want of the me- 
tal, but from fancying that it may have chalybeate 
qualities upon their contents; it is particularly 
avoided in France, and indeed, in all wine countries, 
and in France the best coopeiy is practised. The 
hooping is sold as most ironwork usually is, by 
the hundred, in various lengths, previously wrought 


in a mill at the furnaces, of great variety of thick- 
ness, the hooping is cut by the cooper, to the length 
he requires to hoop his butts, or otner vessel, punch* 
j ed at the lap, and cold ri vetted. Previously to put- 
ting on the hooping, the staves are dried either by 
being exposed to an open fire, or in kilns, the latter' 
is now the most approved in large raanufucturies. 

itundlet-cooper is a second branch of this trade, - 
he makes use of all the tools, used by the butt 
cooper, except, perhaps his collection may be on a 
smaller scale. This manufacturer makes the bottles 
i of various small contents for the use of the distiller, 
j who sends out his spirits in them, consisting of, from 
t 1 gallon bottles and upwards to 20 gallons ; lie uses 
the long and short headings, which he rends into two 
or more in thickness, according to the substance re- 
quired in his bottles. This is an extensive branch 
of business, if it be considered how numerous our 
wants are made by the ingenuity of the distiller, 
whose chief concern is in giving a zest to the palate; 
and his success is too apparent in the multiplied nos- 
trums offered, to the weary public, under the appel- 
lation of cordials. As these are increased, the run<|- 
let cooper finds his account important. 

Dry cooper finds his employment in manufactur- 
ing hogsheads, and casks for the-containing of every 
kind of dry produce, the leading feature of the 
consumption in his line, is in making hogsheads 
for sugar. His tools are of the same description as 
before named, but he works the staves out of all 
kinds oi wood, and is not obliged to be so neat in 
his fittings as the butt or rundlet cooper. It is an 
extensive line of business at all sea-ports, in which 
great exports are constantly making, he supplies 
casks to pack the supplies in. of all dry natures, for 
both army and navy, as the cloathing and hats ; be- 
sides military stores, are, for convenience usually 
packed in casks. His business is also extensive in 
supplying convenient security in packages for the 
A pothecary general to the army, whose medicines 
are forwarded in a dry state securely enclosed in 
casks, prepared by the dry cooper. 

White cooper, his employ comes home' to every 
housekeeper, because in every establishment, is to 
be recognised some machine or other supplied to it 
by his industry. He manufactures all domestic 
utensils, such as are used in private brewing, in 
washing, dairies, in making churns, pails, and every 
convenience required in all the multiplied purposes 
of our domestic economy. At the white •coopers, is . 
-to be found the most extensive employment of the' ) 
staves called long and short headings ; he 
greatest consumer of this article; he proceeds in* a 
similar way in the manufactonr of his good^jas is 
described under the head of butt cooper ; ; byt he 
rends his staves into several thicknesses, in order to 
make his utensils lighter and better adapted to their 
required purposes, he makes Use of many different 
j kinds of hoops, the irM hoops he procures fy weight 
I ready 
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ready milled m& fit for use, which he adopts and 
cold rivets on all his goods bound by iron hooping ; 
many of the articles manufactured by this trades- 
man, pre secured by wooden hoops, for instance ; 
all tubs used in laundries and dairies ; these hoops 
known to the trade by “ white hoops’* are rended 
out of ash wood, and are of various substance for 
use. When this hoop is neatly cleaned up, it gives 
a cleanliness to the appearance of the vessels, and 
so finished is always prefered for the laundry and 
dairy. This kind of hoop is sold at the white hoop 
merchants,- and the average price is from 40 to 50s. 
per hundred ot'6 score. There are at the same de- 
pot, hoops of all descriptions, for the numerous in- 
ferior vessels, and of prices varying from 12*. per 
hundred to 90s. The white cooper finding his ac- 
count with the housekeeper, usual! keeps a shop, at 
which place commonly may be found exposed for 
sale, almost every article required in the domestic 
concerns of an establishment. In London to this 
branch of coopery, is sometimes added turnery, 
which m a retail shop, supplies all kinds of brushes 
and baskets, with many other little things, required 
for comfort and convenience, at the white coopers, 
all jobs are done in repairs, and alteration to casks 
and coopery of every description. 

The manufacture of backs and vats for brewers and 
distillers, does not necessarily belong to coopery, it 
ia a distinct branch of trade, and performed by per- 
sons called back and vat makers; they work m En- 
glish oak commonly, and they take care to select 
that which is soundest and freest from knots, and 
saw it out into two inch, 2{ and 3 inch planks,, 
which are laid by for seasoning. Carpenters work 
at ibis business, as the machines are of all shapes; 
for instance, the coolers for breweries, are commonly 
oblong squares, and are made by this tradesman. 
The only particulars required in making good cool- 
ers, i9 that the sides be adequately strong, the joints 
well fitted, and the whole not too deep, the sides of 
a cooler of ordinary dimensions, should he at least 
2\ inches thick, the joints should be well plowed and 
tongued, the bottoms should be jointed in a similar 
way, and these will require dowelling; the ends 
are grooved into the sides, and the whole is spilled to- 
gether with iron pins ; these vessels are sometimes 
scorched or charred in their insides, for the double 
purpose of preventing their decay, and also the too 
rapid acidity of the liquor exposed - to cool in them. 

Mash-tuns, the under and jack backs, working 
tuns, and store vats, tor tfie still and brewhouse, get 
best manufactured at the back makers, aseveiy thing 
he do^s is on a large scale, lie keeps materials bet- 
ter adapted to its well performance than can be found 
at the butt coopers. All the above vessels are 
usually made round, they are prepared in a similar 
manner to the work of the butt maker, except, gener- 
ally from staves of English oak ; some of these vats 
are immense, particularly those called store vats, 


containing from SO to 30 butts and upwards ; the 
hoops are necessarily of iron, veiy strong and fre- 
quently joined by a nut and screw rivet, which al- 
lows of removal iu case of repair or accident. 

Wine cooper is a person employed in drawing off, 
bottling and packing wine, spirits, or malt liquor; 
in London, many persons follow this business only, 
and keep in their employ several assistants, it u 
common for persons of the first consequence to em- 
ploy the wine cooper to take charge of their wines. 
He has stipulated prices for all he does, charging 
his bottling off by the pipe, half pipe, or as it may 
happen ; he keeps a working butt cooper in his em- 
ploy to repair and job in the upholding, and sup- 
|K>rting the several casks in which wine and spirits 
are contained. 

- Under the trade of the cooper, may be introduced 
the manufacture of canteens, these are small vessels 
made of wood, in which soldiers when on their 
march, or in the field, cany their liquor. These 
vessels were formerly made of tin, but the use of 
wooden canteens has for some time been general in 
the british armies. They are made, in si Snpe,very 
like barrels, cylindrical, seven inches and a halfin 
diameter, and four inches long on the outside, hold- 
ing three pints. These vessels have for some years 
since been manufactured on a larger scale bj Mr. 
George Smart of Ordnance Wharf, Westminster 
Bridge, who has contrived a very complete set of 
machines for abridging of labour in the business. 

The wood made use of is the best foreign oak, 
which is first sawn out into boards a ouarterof an 
inch thick ; these, after they mne planed, are cut in 
the direction of the grain, "jn slips of an inch and & 
quarter broad, bv means of a circular saw called a 
ripping saw. This saw is made of steel plate with 
very fine teeth, and on the end of its axi9 is a pul- 
ley, turned by a band going round it, and likewise 
round a large drum driven by a horse-wheel; the 
plane of the saw in the rippiog machine is not fixed 
exactly at right angles to the bench, but at a proper 
angle for the staves of the canteen, which are cut 
from these slips, when put together to form a cylin- 
der of the true size. The accuracy with which 
th *$e saws cut, is so great that the edges do not re- 
quire to be planed. There is a guide for the edge 
of the board as it is cut, which, for cutting slips of 
different widths, can be moved nearer to, or farther 
from the saw, by loosening the thumb-nut, the screw 
from which moves in an opening, in the bench, and 
is always kept parallel to the plane of the saw by 
two levers. 

A workman takes one of the boards, and puts its 
edge against the guide ; when he pushes it forward, 
the saw cuts it along into slips v ery quick; these 
[slips are delivered to another workman, who uses a 
cross-cutting saw. There is a groove cut in the 
bench to receive a slider, across one end of which 
another piece is fixed, having a notch in the under- 
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tide lor the saw to pass through when it is slid for- 
wards. The end of the slip which is to be cross-cut, 
Is pushed up close to the stride, and the piece and 
slide are driven towards tne saw which cnts it off 
instantly; the slide is tbfen drawn back, and the slip 

J nished up to the guide for another length as be- 
ore. These pieces which are 4f inches long and 
broad, arc for the staves of the canteen. The staves 
which have a hoi-? in them for the cork or bung, 
ore first cut out by the same means as the .common 
staves, but they are of twice the thicknens. The 
hole is bored in the following manner; there is a 
spindle with a pulley writ, turned by a band, goin^ 
quite round it, and a drum, with a velocity of 1800 
revolutions in a minute; at the end of this is a male ! 
screw to fasten on a common borer or centre bit ; 
there are two smooth wooden rails, for a slider to 
move upon, in the middle of which is fastened a 
small piece of wood having a hole through it, and a 
shoulder. The workman takes a stave out of the 
box, and putting one of its ends against the shoulder 
t)f the slider, and one of its edges against the bot- 
tom board* holds it fast, while he pushes it forwaid 
against the borer. 

When the common and bung staves are thus pre- 
pared, they are given to another workman, who has 
a thick block of wood, in which is turned a circular 
groove about half an inch deep, and a quarter of an 
inch wide, which is for setting the staves up in : 
when the groove is filled with staves, the man takes 
a screw -hoop, which is a . thin plate of steel, with a 
square lump at one end, and another near the other 
end, to receive a screw, to lighten it; the Workman 
puts this tool over the staves, and turns the sere w, 
till the staves are brought close enough, to drive on 
the iron truss hoop. These- cylinders are taken to 
another person who turns them in a l ithe, which is 
set to work, and the ends of the staves are turned 
smooth by a tool laid in a notch of the rest; another 
tool like a hook is then used, for cutting the groove 
on the inside of the staves for receiving the head. 
The boards for the heads are first sawn out, intri 
squares, which are then cut circular by a lathe. 

The next operation is heading and hooping the 
canteens, which is done by knocking off one of the 
trass hoops, and putting one of the heads into the 
groove; the staves are then tightened by the screw- 
noop, so that the hoop of the canteen may be driven 
on ; the other head is then put in, and the hoop on, 
in the same manner. After this the wires are fixed, 
which are for receiving the belt by which the can- 
teen is carried by the soldier. They are next to be 
proved, by pouring a small quantity of hot water 
into them, and stopping the cork-hole with a wooden 
Copper, they are shaken briskly, and the hot water 
rarefying the air within, the same will rush out vio- 
lently and discover any small leak that may ' be 
left 

The slips of iron plate for the hoops are cut from 


large plates of sheet-iron by sheafs, worked with a 
powerful lever ; the plate is pushed forwards from 
behind by one man, while another is lifting up the. 
lever till it reaches the stops; the man at the handle 
then puslies it down, and cuts the length of a hoop . 
at once off the plate, when the lever is down the 
underside of it pushes down the stop, so that the 
hoop may fall off, and the lever is lifted up to cut 
another hoop as before. 

The hohs for the rivets of the hoops are next 
punched bv a machine formed by a lever, having a 
punch fixed in it ; under this is fixed a dove-tailed 
groove to hold a piece of steel, which has several 
holes of different sizes in it, to suit different punches, 
any one of which can be brought under the punch, 

I and fixed by screws, in each side of the groove ; 
l across the top of the groove an iron plate is fixed, 
with a hole in it, for the punch to go through; its 
i; *e is to prevent the hoop, which is put under it, af- 
ter it is punched, from rising with the punch. The 
boy who works this machine lifts up the lever, puts % 
one end of the hoop under the plate, and then 
pushes it down, which makes the hole; he then 
lifts it up again, and puts the other end under to 
make the hole in it, first hooking the hole before 
made over a pin which determines its length. 

After the hole is punched, a machine is used to 
cut tlieends of the hoops round, they are then bent 
round a block, and rivetted in the common way. 

By these ingenious contrivances, the operations are 
rendered so simple, that a good workman will head 
and hoop 200 canteens in about 14 hours ; and two 
active men will cut with % the shears 60 hoops in a 
minute. Great attention, we are told, must be 
pmd to keeping the truss hoops always of the proper 
size, as they are apt to expand with continual U9e, 
and if they are too large, the heads of the canteens 
will not nt. 

We must not finish this article without noticing* 
an invention of Mr. Smart, for which he, obtained 
in the month of May last, his Majesty’s letters pa- 
tent, which is for an improved method of preparing 
timber so as to prevent its shrinking. The great 
inconvenience in the article of coopering is that the 
vessels being kept a considerable time in dry places 
are apt to fall to pieces, and thereby require addi- 
tional and heavy expeiice in repairs or refitting. 
This has been the case with canteens, so that govern- 
ment have, from time to time, been put to vast ex- 
pence* in remaking, or least in rejoining vessels 
that, perhaps, they nave never used. It is difficult 
to manufacture such small vessels as we are speak- 
ing of perfectly free from leakage, and upon the old 
plan, perhaps ten per cent, in the number made, 
were returned on the hands of the manufheturer, 
being found to leak, when examined in the wav al- 
ready described ; but since the method has been 
adopted, of which we are now going to give an ac- 
connt, we are credibly informed that not a singlecan- 
3 P teen * 
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teen out of 30,000 has been returned a9 unfit on ac 
count of leakage. - The nature of the invention we 
shall give chiefly in the words of the patentee ; in 
many cases, in which the shrinkage occasioned in 
timber, by exposure to hot or dry air, or to any cir- 
cumstance which abstracts moisture from the pores of 
wood is productive of injurious consequences: this 
is prevented by a previous compression of the wood, 
with a proper application ot certain mechanical 
powers, into a less vein me, than can ever be indue- 
ed by the" common causes which occasion shrinkage. 
This invention will be particularly useful to coopers, 
vat- makers, and likewise to builders and other per- 
sons who wo^k in wood, and to whom it is of impor- 
tune., that their work should not fail by heat and 
dryress. Thus in preparing staves for vats or 
casks, the staves are cut square on the edges, and 
then passed batween a pair of rollers made with be- 
velled grooves in them, so as to press the wood on 
the edges into the bevel that is necessary to give tlie 
required rotundity according to the width of the 
staves, that are to form the casks and vats. The 
heading boards are passed through parallel rollers, 
• loaded in proportion as the wood is nard and thick. 
For canteens or the smaller kinds of work, I press, 
aays Mr. Smart; my staves with a screw-press, or 


lever which not only bevels them, blit its action 01 
the* inner edges gives them a degree of curvature 
which fecilitates the subsequent cooperage. Vessel* 
made of staves previously submitted to such a pro- 
cess as I have described by any means fitted to pro- 
duce the effect required vv» : be always tigla, whether 
full or empty. The wood being pressed into a clos- 
er state than it* could ever -attain by shrinking, 
nor do the stave require the insertion of rushes be- 
tween the joints, as is often doce, m the common 
ways of forming casks, and other vesseb destined to 
contain liquors. — Again, in carpentering ; the best 
performed trussing commonly giveaway, owing to 
the subsequent shrinkage of the timber ; this evil ia 
prevented by my invention ; all that is necessary, 
being to press, by means of a screw-press, wbat is 
commonly called the crown of the king-post, and al- 
so the base of the truss into a less volume than dry- 
ing could ever occasion, before inserting the trusses. 
The boards to be employed for flooring, should he 
passed edge ways between rollers to close the fibres 
of the wood, before laying dowu the floor. From 
the above description, no competent workman wiil 
lie at a loss to adapt his wooa to the purpose to 
which it is to be applied. < 
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This, which is now the most important of our 
national manufacture, is of modern date. The spin- 
ning of cotton into thread, which is the most labo- 
rious and important part of the whole manufacture, 
was before the year 1767, performed only by hand, 
one person spinning a single thread at a time, bv a 
simple machine. Since this period, machinery has 
been introduced to perform every part of the spin- 
ning process, in the most perfect and expeditious 
manner that can be conceived, and it is these ma- 
chines which have enabled the English manufac- 
turers to supersede all others in this branch ; and in 
the course of half a centuiy, to raise the cotton trade 
from the humblest of the domestic arts, which was 
formerly confined to the fire side or the labour- 
ing poor, and produced few articles except for our 
home consumption, to one of the staple trades of the 
country, affording at the same time the greatest 
variety of fabrics for our internal consumption, suit- 
ed as well for the ordinary wants and comforts, as 
for the elegancies of life, and giving us a decided 
superiority in every market in the world, except in 
the delicate fine muslins from India. The patient 
natives of the east still maintain their ancient pre- 
eminence in the finer kinds of muslin, some of 
which of most exquisite beauty and fineness are sold 
in this country, as high as ten or twelve guineas per 
yard, lo productions like these, no rivalship can 
exist; In India, they are looked upon as master 
pieces of art, and the time employed by an Indian 
weaver in their production, would ruin an Eu- 
ropean manufacturer. 

The common kinds of Indian muslins, or 9uch a9 
are adapted to general use, are also preferred by 
our English ladies, to those of our home manufac- 
ture, as enduring greater hardships, and as better 
retaining their white colour. This excellence which 
exists to a certain degree, is the result of no superi- 
ority in the manufacturing processes, but in the raw 
material, of whi^h that of India is the finest and best 
in the world. 

The manner of manufacturing cotton in India, 
forms a remarkable contrast to the European me- 
thod. In Europeji vast apparatus of macninery is 
used in every part of the process, while in India, 
the simplest instruments are made to produce 
fabricks of that exquisite fineness, which rt is the 
boast of our manufacturers to imitate, and which, 
as yet, they can scarcely equal. The cotton- wool 


in India, is prepared for the spinner without cards, 
is spun for the weaver without wheels, and is woven 
in looms, which the weaver can move from one 
place to another, with as much facility as the web 
itself The operation which our manufacturers 
perform by carding engines, is executed by the 
Indians with nothing more than a bow, the string 
of which by repeated vibrations, raises the cotton- 
wool to a downy fleece, in the same way that our 
hatters prepare their furs for felting, an operation 
which may be seen in most towns . — ( See Hat-mak- 
ing) 

The fine thread or yarn, from which the choicest 
Indian muslins are made, are spun from cotton, 
thus prepared by the distaff and spindle, which it is 
evident, was practised by the Romans, Greeks, and 
Egyptians, from their fables and their sculptures. 
Notning can be more simple than this implement, 
but it requires much dexterity to work it ; this yarn 
is then woven iu the loom, .winch is the most simple 
that can be imagined, consisting merely of two 
bamboo rollers, one for the warp, and the other for 
the web, and a pair of gee r. The shuttle performs 
the double office, of shuttle and batten, ana for this 
purpose is made like a large netting needle, and of 
a length somewhat exceeding the breadth of the 
piece. 

This apparatus the weaver carries to whatever 
tree affords a shade most grateful to him, under 
which he digs a hole, large enough to contain his 
legs, and the lower purl of the geer; he then 
stretches his warp, by fastening his bamboo rollers 
at a due distance from each other, on the turf, by 
wooden pins; the balances of the geer he Kerens to 
some convenient branch of the tree over his head, 
two loops underneath t«»e geer in which he inserts, 
his great toes serve instead of treadles, and bis long 
shuttle which also perforins the office of hasten, 
draws tlie weft, throws the warp, and afterwards 
strikes it up close to the web. In such looms as this 
are made those admirable muslins whose delicate 
texture the European could never equal, with alL 
his complicated machinery. The processes of which 
we shall now explain. \ 

The raw cotton- wool, is the produce of a plant 
about the size of a current bum, a native of the 
torrid zone, though it is produced in parts of 
key, as far as 45V north latitude, the cotton is sepa- 
rated from the seeds of the plant bv a mill, and after 

this 
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this preparation it is packed % np in bags for the fleece; this is drawn off and contracted, by passing 
European market, where the great consumption lies, through a funnel, in which the fleece being hemmed 
The finest sort comes from Bengal and the coast of in on both sides, is gradually contracted to a thick 
Coromandel, where cotton makes a very considera- roll. This may be continued to any length, as long 
ble article in commerce. as the machine is supplied with cotton; the roll or 

But the greatest part of the cotton manufactured band of cotton is drawn off between two rollers, 
in this couptry, is the produce of the West India which compress it into a pretty firm flat ribband, 
islands, and Smyrna, the jnost esteemed is w hile, called a carding or sliver about t\yo inches broad, 
long, and soft. Those who buy it in bales should winch the rollers deliver into a tin can, placed to 
see that it has not been' wet, moisture being very receive it, and in this it is removed to the drawing 
prejudicial to it. The generality of cotton is white, frame, which consists of a system of rollers, rrvolv- 
but some is of a nankeen colour, and is invaluable in ing with different velocities, cither from the variation 
the manufacture of that article, as it fades ve.y of size in the pairs of rollers, or by their performing 
. little, even with long use, and frequent washing, a different number of revolutions, in the same ^pace 
The elasticity of cotton is inconceiveable; it may of time, or from both these causes united. Three or 
* be pressed into a 50th part of the space into which J more cardings from the carding machine, coiled up 
the strongest packers can reduce it by personal ex- in deep tin cans, are applied at once to these roll- 
ertion; large screws are erected at many sea-ports] ers, in their passage through which, they not only 
where cotton is shipped, for the purpose of bringing I coalesce so as to form one single drawing, but arealso 
the bales into the smallett compass, so as to save I drawn out or extended ir> length. This process 
freight Cotton can only be imported as a raw ma- is repeated several times, three four or more draw- 
ferial, in which form it comes to us, from the Le-I ings as they are now called being united and passed 
vant, the West Indies, South America, and the East J again between the rollers, the number introduced 
Indies. It com^s to us without any further prepara- J being so varied, that the last drawing may be of a 
tion than being pretty carefully picked out ot the I size proportioned to the fineness off the thread, into 
v ppd, on which it grows, and the seeds separated. I which it is intended to be spun. JJy this operation, 
Still much dirt, husk, and other impurites remain the fibres of the cotton are drawn out longitudinal- 
in it, these are separated by women, at the cotton J ly, and disposed in an uniform ai»d parallel direc- 
„ mills, who pick it over and beat it, with rods to dis- j tion, and all inequalities of thickness are done away, 

entangle the knotted parts; this beating is some- j by the frequent doubling or joining of so many di'f- 
times performed by the machine called a batting] fere nt lengths. 

machine, or else the cotton is subjected to the open- The operation of carding effects this in a certain 
ing machine ; these processes remove all dirt, oust, j degree, yet the fibres though parallel are not 
' and ootton seeds, of which the cotton in its raw! straight, but many of them are doubled, as may 
i state contains a great number, and would .be very! easily be supposed, from the teeth of the cards, 

prejudicial to the operations of the more delicate ma-l catching the fibres sometimes in the middle, which 
chines, the cotton when first packed up in the bags I become hooked or fastened upon them ; but when 
is as before stated, compressed very closely tor the I the carding has been passed 4 or 5 times through the 
convenience of stowage, and this condenses it into a I drawing frame, every fibre is stretched out at full 
hard matted mass, but the batting striking it violent- 1 length, and disposed in the most even and regular 
•ly with small sticks, causes the fibres by their natu- 1 direction, so that each fibre, will when twisted into 
ral elasticity, and the motion occasioned among] a thread, take its proper share of any strain the 
them, gradually to loosen and disengages themselves, | thread may be subjected to. If any crooked fibres 
-and the cotton by repeated strokes recovers all its] are twisteq into a thread, they will communicate no 
original volume and is prepared for carding. In j strength to such thread, until it is so much stretched, 
the machine which performs this- operation, the cot- 1 that the crooked fibres become straightened, butbe- 
* ton is exposed to the action of an immeuse number] fore this happens, those fibres which are already ex- 
of loose teeth stuck in leather, in the manner of a] tended to their full lengths must be broken, 
brush, these teeth are fixed upon cylinders acting] The fibres of cotton are by these processes, pre* 
against each other, and the cotton being introduced ] pared for spinning, but the slivers mu9t first be re- 
between them, is combed or carded by the teeth,] ducedto a small size, this is (tone by the roving 
until almost jvery individual fibre of the cotton is] frame, which like the drawing frame, extends or 
separated and drawn straight, and every little knot* j draws out the sliver, reducing from a large band 
ty and entangled part disengaged ; by passing gra- 1 to a coarse and loose thread. The roving frame | 
dually through the machine. Being carried from ] immediately after having drawn and reduced it to | 
one cylinder to another, the cotton is dispersed] the intended size, gives it a very slight twist form* j 
lightly and evenly, among the teeth of the whole] ing a loose thread w i hich is called the roving, this is 
surface of the last or finishing cylinder, from which] the first rudiment of a thread. Although in this 
it is detached by a curious mechanism in a continued j state, it is extremely tender, and trill not cariy a 
' I weight . 
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TOtfht of two ounces, it is muck more cokesivc for inequalities, its evenness depending greatly on the de- 
its size thaft before roving, because the twist given it, licacy of touch, which the spinner by long habit had 
makes all the longitudinal fibres bind each other to- acquired, and varied with every httle difference, in the 
gether, and compress those which lie athwart. In extension of the thread during twisting, and the revo- 
a single fibre, others are drawn out along with lution of the aptndle in portions of the same length, 
it, and, if we take hold of the whole assemblage, in As the demand for cotton goods increased, various con- 
two places, about an ineh or two asunder, we shall find trivances were thought of, for expediting this part of 
that we may draw it to nearly twice its length, without the manufacture, but though many were very ingenious, 
any risk of its separating in any intermediate part, or none were so successful as to come into general use, 
becoming much smaller in one part than another, until 1767, when the spinning jenny was invented by 
The rovings are now spun into a strong thread, by the James Hargreaves, a plain, industrious, but illiterate 
spinning frame, which is little more than a repetition man, a weaver in the neighbourhood of Blackburn, in 
of the operation of the roving frame. The roving Lancashire. The first jenny consisted of eight spindles, 
being drawing out and extended to reduce it to any de- j aU worked together, by a band from ooe wheel ; and 
gree of fineness, and then the proper twist being given, die machine was provided with an apparatus, which held 
forms it into a firm and strong thread. The strength of all the eight threads at once, in the same manner as the 
this thread depends mnch upon the perfection of the spinner held the cotton, between the finger and thumb* 
preparatory processes of picking, carding, drawing, and The cotton was at this period prepared for spinning by 
roving, for as eveiy inch of the roving will meet, with hand-cards, these were small square boards, upon which 
the same degree of drawing, and receives the same twist a sheet of leather, furnished with wire teeth, was 
in the spinning frame, every inequality and fault in the stretched ; the carder held one of these in each hand, 
roving, either as to the regularity of its size, or the pro- and putting the cotton between them, they were scraped 
per extension of its fibres, will continue in the thread in with one edge over the surface of the other card, in the 
nearly the same degree. direction of its teeth; the cotton was then, by a parti- 

Such are the processes through which the cotton cuhr manoeuvre, removed, and coiled up into short soft 
passes, from the raw cotton, or cotton wool, as im- rolls, which were called carding*. These were of the 
ported, to the finished thread. We shall now proceed thickness of a candle, and from eight to twelve inches 
to enlarge upon each subject, and describe the machi- long, possessing httle strength or tenacity, die slightest 
nery by which these operations are effected, in the most force being sufficient to break or pull them asunder, 
expeditious and perfect manner ; for the explanation of One end of this roll being held between the finger and 
these, we have appropriated two plates, but it cannot thumb of the spinner, and the other twisted round 
l>e expected that we should, in so limited a work, give the point of jhe spindle, was rapidly drawn out dur- 
a complete account of all the machines used in the ing its revolution, and formed a coarse soft thread, 
cotton manufacture, we can only give an outline of the called a roving. This operation of twisting and draw- 
whole, by detailing the most important of the machines, ing was afterwards reperted, and the foving was con- 
fend content ourselves with verbal descriptions of the verted into a smaller, firmer and longer (bread. To this 
others ; operation the term spinning was more particularly ap- 

First, as the invention of these machines has been plied, the first being considered as preparatory, and 
the grand source of our commercial greatness, within the was called roving. 

last thirty years, it is but right that we should enter into For some time after the introduction of the jenny, 
a brief history of yhe rise and progress of the cotton this mode of roving on the single spindle continued in 
manufacture, and give due credit to those ingenious use, the joining of the carding rendering manual dex- 
men, to whom we as a nation are so greatly indebted, terity absolutely necessary. The jenny was soon after 
for the original discoveries, and successive improve- its invention enlarged, in the number of spindles to 
mentsupon them. > twelve and sixteen, and made such rapid progress, as to 

The spinning of cotton was before the year 1769, alarm the minds of the ignorant and misguided mul- 
perforraed by hand, a person working at a machine, titude, with the idea, that all manual labour would soon 
tailed a one thread wheel, consisting of a single spin- be annihilated by the use of these machines ; and they 
die, put in motion by a wheel and band, turned by the broke into Hargreaves’ house and destroyed his machine ; 
right baud, whilst the thread was managed by the left, this outrage induced him to remove to Nottingham, 
This composed the whole of the spinning apparatus, where be was invited by die stocking weavers, and as- 
on which one person could with difficulty produce a mated in the erection and management of a mill, not- 
pound of thread, by close and diligent application in withstanding a serious opposition from the lower orders 
the whole day. of the people at first. Here the machine was gradually 

The goods then manufactured were strong and coarse, enlarged to thirty, fifty, and eighty spindles, and became 
compared with those of the present day, and little or no vei^r general; but the jealousy of the lower classes of 
thread, finer than from sixteen to twenty hanks in the, people still continued, and though no scarcity of work 
pound, each hank measuring 840 yards, was then spun, bad been experienced, they assembled in Lancashire in 
It was subject, as map readily be conceived, to great J 779, and destroyed all the jennies, which worked mor e 
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than twenty spindles ; bat in three or four years after 
Hargreaves first invention, its further extension was 
stopped by the appearance of a superior mechanic, this 
was the celebrated Sir Richard, at that time Mr. Ark- 
wright, whose invention and perseverance raised him 
from the most humble occupation in society, to great 
afflueuce and honour ; this ingenious gentleman turned 
his attention to the whole of the manufacture, and in- 
deed his chief improvements were in the preparatory 
processes. Hargreaves had made a great improvement 
in carding, by applying two or three cards upon the 
same stock or handle, and suspending the upper cards, 
which from their weight and size, would otherwise have 
been unmanageable, from the ceiling of the room, by 
a cord passed over a pulley, to the other end of which 
was affixed a weight or counterpoise. With these, one 
woman could perform twice as much work, and with 
greater ease, than she could do before in the common 
way. The stock cards were soon after succeeded by 
cyllndric cards, the invention of which is claimed by so 
mauy different persons, that it is impossible now to de- 
termine to whom the merit is due. Among the first 
who employed them, was the late Mr. Peele, who con- 
structed a carding engine with cylinders, as early as'the 

J ear 1762, in which he was assisted by Hargreaves. Mr. 

> eeie , s engine consisted of two or more cylinders, covered 
with cards, but it had no contrivance for stripping or 
taking off the carded cotton. This was performed by 
two women with hand cards, who alternately applied 
them to the last or finishing cylinder. 

Mr. Arkwright very materially improved this carding 
machine, by several minor contrivances, but chiefly by 
the crank and comb. He employed, like his predeces- 
sors, two or more large cylinders, covered with cards, 
revolving in opposite directions, and nearly in contact 
with each other; they were surmounted with othef 
smaller cylinders covered in like manner, by whose re- 
volutions, in various directions, and with different ve- 
* locities, the cotton was carded and delivered to the last 
or fini s hi ng cylinder, from which it was stripped off by 
various contrivances. The cards of the first invented 
machines were nailed on the stripes or sheets, of six or 
eight inches broad, and the margin of each sheet in 
which the nails were driven, being destitute of teeth, 
formed so many intervals or furrows across the surface 
of the cylinder. The cottou was stripped off at first 
by hand, as in Mr. Peele’s machine, and afterwards 
by a fluted cylinder, or by a roller, armed with stripes 
of tin plate or iron, standing erect like the floats of an 
undershot wheel, and which revolving quicker than the 
card, and in close contact with it, scraped off the cotton 
in distinct portions from each stripe or sheet, which fell 
into a receptacle below. This was a harsh and rude 
operation, and injured not only the carding, but the cards 
themselves. 

Mr. Arkwright substituted for the fluted cylinder, a 
plate of metal, called the comb, finely toothed at the 
edge, and moved rapidly up and down in a perpendicu- 
lar direction, , by a crank. The slight but reiterated 
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strokes of this comb, acting on the teeth of the cards 
detached the cotton in a fine uniform fleece. On the 
finishing cylinders also, narrow fillet cards, as they are 
termed, wound round in a spiral form, were substituted 
by Mr. Arkwright for the ordinary cards, nailed across. 
The continuity of the fleece was thus preserved, which 
was destroyed before, by the intervals or furrows, to 
which we have alluded, and being gradually contracted 
in its size, by passing through a kind of funnel, and flat- 
tened or compressed between two rollers, was delivered 
into a tin can, in one continued, uniform, perpetual, 
carding, so long as the machine was kept in motion, 
and was supplied with the raw material. 

But Mr. Arkwright’s grand improvement was die in- 
vention of preparing the cotton by rollers ; it is essen- 
tial to good spinning that the fibres shall be disposed 
exactly parallel to each other, which is effected by draw- 
ing out or extending the mass of cotton, by certain 
parts, resembling the fingers and thumb of the spinner ; 
the contrivance for this purpose consisted of a certain 
number of pairs of cylinders, each pair revolviug in con- 
tact with its fellow. Suppose then that a loose thread, 
or lightly twisted roving of cotton, was made to pass 
between one pair of cylinders, properly adapted with a 
facing for holding it, and that it proceeded from thence 
to another pair, whose surfaces revolved with a much 
greater velocity; it is evident, that this quicker revolu- 
tion would draw out the cotton, and render it thinner 
and longer when it came to be delivered on the other 
side. This is the operation which the spinner performs 
with his finger and thumb ; and if the cotton be deli- 
vered in this state to a spinning apparatus, it will be 
converted into thread. 

The immediate spinning apparatus, or that part which 
gives twist to fhe thread, was made by Mr. Arkwright, 
on a totally different principle from the jenny. He em- 
ployed the spindle of the old flax wheel, which was 
used for those substances, whose fibres, from their na- 
ture, but more particularly from their length, would 
not admit of the preparatory process of carding. Their 
fibres were dressed and disposed in an even and parallel 
direction, by an operation resembling combing, and 
were then coiled round the head of the distaff, affixed 
to a wheel, furnished with a spindle, bobbin, and fly. 
The fly and spindle moved together, and were kept in 
rapid motion by a wheel and band, worked by the foot 
of the spinner. The bobbin which received the thread, 
ran loose upon the spindle, and moved only by the 
friction of its ends, in proportion as the fibres of the 
flax were disengaged from the distaff, by the finger and 
thumb of the spinner, and were twisted by the fly. W 
we suppose the machine itself to be left at liberty, and 
turned without the assistance of the spinner, the twisted 
thread being drawn inwards by the bobbin, would natu- 
rally gather more of the material, and form an irregular 
thread, thicker and thicker, till at length the difficulty 
of drawing out so large a portion of the material, as 
had acquired the twist, would become greater than that 
of suapping the thread, which would accordingly break. 
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It is the business of the spinner to prevent this, by hold- 
ing the material between the finger and thumb, and by 
separating the hand during the act of pinching, that the 
intermediate part may be drawn out to the degree of 
fineness previous to the twist. 

To accomplish these purposes by machinery, the ob- 
ject of Mr. Arkwright's invention, two conditions be- 
catne indispensably necessary, 

1st, that the raw material, should be so prepared, as 
to require none of that intellectual skill, which is alone 
capable of separating the knotty or entangled parts, as 
they offer themselves. And, 2dly, that it should be 
drawn out , by certain parts, resembling the finger and 
thumb of the spinner. The fir9t of these was com- 
pletely fulfilled by the various machines and contrivances 
for the preparation of cotton for spinning, which Sir 
Richard afterwards invented, and obtained a patent for; 
the second was accomplished in his first and capital ma- 
chine, since CaHed the twist or Water Frame. He 
Contrived to make the rotary carding and spinning en- 
gines, to move by horse, by water, and by steam ; and 
thus by saving of labour, and with the advantage of a 
patent monopoly, he was in a few years rendered one of 
the most opulent of our manufacturers. 

Mr. Arkwright also applied his invention of the rol- 
lers, to other parts of the process, viz. the preparation 
of the cotton immediately after carding, to obtain the 
greatest equality of thickness and parallelism of the 
fibres, by the drawing frame which we have before de- 
scribed. He had many difficulties to struggle with, in 
bringing these inventions, and improvements to perfec- 
tion ; he first attempted to put his ideas in practice at 
Liverpool, but not receiving proper encouragement, he 
entered into partnership with Mr. Smalley, of Preston, in 
Lancashire, but their property failing, they went to 
Nottingham, and there by the assistance of wealthy in- 
dividuals, erected a considerable cotton mill, turned by 
horses ; but this mode of proceedure was found too ex- 
pensive, and another mill on a larger scale was erected 
at Cromford, in Derbyshire, in the year 1771, the ma- 
chinery of which was put in motion by water. This 
mill is still at work, and deserves notice as being the 
first of those numerous establishments, which were very 
quickly erected in various parts of the country; and the 
manufacture being thus firmly established, ‘Mr. Ark- 
wright's claims to the inventions were disputed, and his 
patent right contested in the Court of King's Bench, 
and after much litigation between him and a host of 
opulent manufacturers, who had now entered into the 
business, the letters patent were cancelled on the ground, 
of his not being the original inventor. The court en- 
tered into the examination of the origin of every idea, 
and Ae assistance he derived, from every one of his 
workmen ; but upon the whole, without minutely de- 
tailing further particulars, it appears that cotton spinning 
was no new attempt when Mr. Arkwright embarked in 
it; hot many difficulties occurred in bringing it to per- 
fection, and in his hands the carding and spinning of 
cotton, became a national manufacture. According to 


his statement, it appeared that the advancement of it, 
during a period of five years, cost him, and those that 
were concerned with him, 12,000/. before they derived 
from it any profit, and it must be allowed that he alon$ 
had sufficient perseverance, activity, and skill, to per- 
fect a scheme, in the prosecution of which man^ others 
had failed, and to render it valuable to himself and the 
public. It appeared on the trial, that Mr. Arkwright 
certainly received many ideas from Mr. Kay, a clock- 
maker of Warrington, who was in some way concerned 
with' him in making the first machines; but injustice to 
the ifiemory of Arkwright, it must be stated, that the 
higher praise of completing the invention, of bringing it 
to its present state of perfection, and making it a grand 
instrument of national prosperity, was exclusively his own. 
He who suggests a new and important principle, has 
only advanced one step into the field of discovery, and 
has a claim upon the liberality of his country, and the 
grateful recollections of posterity ; but he who pursues 
it through all its ramifications, exhausts all its resources, 
and extends it to all the purposes, to which it is appli- 
cable, has certainly performed a task far beyond the 
powers of the original inventor. Such are the relative 
merits of Mr. Kay and Mr. Arkwright. This truly 
eminent man, at the saiPe time that he was inventing 
and improving machinery, was also engaged in other 
undertakings, which any person, judging from general 
appearance, must have pronounced incompatible with 
such pursuits. While he was taking measures to secure 
to himself a fair proportion of the fruks of his industry 
and ingenuity, he was extending the business- on a large 
scale ; he was introducing into every department of the 
manufacture, a system of industry, order, and cleanli- 
ness, till then unknown in any manufactory where great 
numbers of people were employed together, but which 
he so effectually accomplished, that his example might 
be regarded as the origin of all similar improvements. 
The merits of Sir R. Arkwright may be summed up 
with observing, that the object ip which he was engaged 
was of the highest public value ; that though his family 
were enriched by it, the benefits which have accrued to 
the nation have been incalculably greater; and that upon 
die whole he is entitled to the respect and admiration of 
the world. He was knighted by His Majesty in 1766, 
and died in August 1792 at his princely mansion near 
his mills at Crumford; report says, he left a property of 
more than half a million of money in value, though he 
began the world as only a country hair-dresser. ! 

The system of spinning introduced by Sir Richard, 
was found most particularly applicable to the production 
of thread for warp, or stocking yarn, whilst the Jenny 
of Hargreaves, was chiefly employed m spinning the 
woof or weft, for the coarse kinds of which it is better 
adapted than the perfect machine which Sir Richard 
invented. The jenny for some years after its introduction 
spun all the twist and weft in the kingdom, the use of thirf 
machine has however since been almost superseded by a 
third ’machine called a mule, for the invention of which we 
are indebted to the ingenuity of Mr. Samuel Crompton 
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of Bolton, who lately (1312) received a reward of natiug motion to and from the platform. Hie rods are 
5,000/. from parliament, it appearing that be had de- attached to their levers by a short spindle, upon which 
rived but little benefit'from the invention. The mule was they move as on an axis, and have puMeysfrxed at the side 
invented about the year 1776, during the term of Sir of them, which, by straps fixed to the framing at one 
' Richard’s patent right, and did not on that account end of each, and to the circumference of these pulleys 
4 Come into general use till after its expiration ; it is a at the other ends, turn the pulleys and rods over at the 
compound of the two machines of Arkwright and Har- same time that they advance to and recede from the 
greaves, and is considered as its name imports, the off- platform by the motion of the levers to which they are 
spring of the twist frame and jenny. It consists of asys- attached; thus the motion of the rods exactly i nutates 
tern of rollers like those of die twist frame, through the action of die arm of a person beating die cotton with 
which the roving is drawn and received upon qpin- a small cane, for the vertical levers just mentioned may 
dies, revolving like those of the jenny, and from which be considered as the motion of the arm on the joint of 
it acquires the twist. The carnage, on which the spin- the shoulder, drawing the cane backwards when it is 
dies are disposed is moveable, and receding from the lifted up on the elbow joint as a centre to fetch a stroke, 
rollers somewhat quicker than the thread is delivered, and advancing while it is falling to make the stroke ; let 
draws or extends it m die same manner as is done by the the joint of die levers with the rods represent the el- 
jenny. bow joint, and the operation of the movement is the 

This completes the series of machines now in use, same. The machine has four rods on each ride, which 
and is the only very important discovery in spinning act alternately with great sapidity, and the whole move- 
since the inventions of Sir R. Arkwright, on which in- ment is regulated by afly wheel. The batting machine, 
deed its chief merit is founded. Of its excellence, though hot a leading one in the cotton manufacture, is 
and also of those other machines employed in the dif- of important use in saving labour and beating the cotton 
ferent preparatory processes, some idea may perhaps be in a very regular manner, for no part can escape its 
V formed, when it is stated that a pound of. fine cotton action. 

has been spun on the mute into 350 hanks, each hank The machine called a devil, or more properly the 
measuring 840 yards, and forming together a thread opening machine, is used for similar purposes as the 
167 miles in length, batting machine, though it is not to be considered as 

one of the same series, being used for the coarser sorts 
description of the machines. of c otto n i n the g ^ m p gftage gg thf battmg engine is used 

Hie picking of cotton is necessarily performed by for the finer sorts, 
hand, as it requires a discretionary power, which a It consists of a large cylinder, put in rapid motion 
machine cannot possess. This department is therefore by an endless band passing round a pulley upon its 
conducted without the aid of mechanism. The hatting This cylinder bps a great number of. teeth fixed into its 
is the first machine the cotton passes through ; here periphery, and the hood or casing which encloses it 
the cotton is spread by women upon a platform, which contain a set of similar teeth, or spikes, fixed within 
is in constant motion, from one end of the machine to ride of it, and situated very near the spikes of the cylm- 
the other, and therefore, carries the cotton along upon der as they revolve. The cotton enters into the machine 
it, and in its passage it receives the strokes of several between a pair of fluted rollers, winch are placed i*nnwr- 
small sticks, or rods, which alternately beat upon it diately above each other just before the cylinder, a heavy 
with a very sharp stroke. This platform is formed of a weight being suspended from the pivots of die upper 
long cord, which is repeatedly passed over two rollers, roller causes them to press together with a sufficient 
one of which is supported at one end of the frame, force to draw the cotton in between them, and the flutes 
the other is at the opposite end ; the cord passing or indentions of the two rollers mutually locking into 
round from one of these to the other 20 or 30 .times, each other, they take the cotton th^ more certainly. The 
and having all the turns made parallel to each other at lower roller is turned round by means of wheel-work from 
about an inch asunder, forms an horizontal platform the main spindle ; the cotton is spread out upon an eod- 
for the support of the cotton. Whilst it is under the less feeding cloth, strained between two rollers, one of 
operation of the batting, one of the rollers is kept in which works very dose to the fluted feeding roller, and is 
constant motion by the train of wheel-work which re- turned round thereby, so that the cloth, and the cotton 
ceives its motion from the main spindle of the machine ; spread out upon it by children are kept in constant motion 
by these means the endless rope, which extends from towards the cylinder, and delivers the cotton between die 
one roller to the other, and forms the platform for the feeding roller. These give it regularly to the cylinder, 
cotton, is in constant motion, aud the cotton which is which is rapidly revolving, and its teeth take the cotton 
kid upon it at one end traverses slowly to the other, and carry it round between the cylinder aud 'the hood, 
receiving in its passage the blows of the batting rodsj, working it between their teeth to open and unravel 
which strike upon it alternately. Their action is pro- every knot or tuft of cotton. After passing through the 
duced in a very curious manner, being attached by machine, the cotton is throwu out finished, basing been 
joints to the upper ends of the vertical lever, which, by opened in every part so as to completely disentangle it; 
means of cranks upon the main spindle, have an alter- and the dust, cotton seed*, or any other extraneous 

matter 
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fcattar drop out through a w'u® grating, which efaoloset oetaseqaeace the second piece detached from the teefoi 
the lower half of the cylinder and prevents the escape of adheres to the first, the third adheres to the second, 
the cotton until it bar panted quite round it. Seme of abd so on. The cotton is thus stripped, or skinned off 
the most improved mtUs usfe opening; machines, which the cylinder, in a continued and connected fleece! 
are provided with two cylinders revoking against each Hus fleece, as it shewn in Fig. 1, is received upon a, 
other, so that they resemble two of these machines put plain cylinder E, which is turned slowly round, 6y 
together, by which means the cotton is more completely means of pnlleys and a baud from the pulley dotted 
worked in passing through them. round the centre of the cylinder D. F is a small roller 

CmriFng-mock im. ■ T his we have, before described; gently pressing upon the fleece, to make it lap evenly 
in general terms, to consist of a nodibsr of cy hndset upon. the surface of the cy linder E, as the same turns 
covered walk wire teeth ; but foe its: make particular e» round, and takes it up when stripped off the surface of 
phnathm we must refer to Plate I. Fig. I, which it) the cylinder D. 

a section : here BB is a large cylinder turned rapidly G is the msin dram, or wheel, which turns the mat 
round by an endless strap on the pulley A ; the surface chine; it is fixed on a spindle extending the whole- 
of the cylinder is coveted wkh cards, the sheets of length tftbemffl, being suspended by brackets like o from, 
leather for which are glued or nailed on in stripos-or ,the ceding, and turning- forty of fifty machines u a row.) 
sheets parallel with its axis, and disposed in such® di- IK, Fig. 1, am two small cylinders called urchins,- 
ruction that when it revolves m the direction of the ar- they are covered with cards and revolve, so that their- 
row foe teeth upon it go with their pointr forward, so teeth act with die teeth of the great cylinder, through, 
that if a lock of cotton was held against them, it would- proper openings left between the* top bars or Fails; com- 
be drawn' inwards upon the teeth. The cylinder re- posing, the arch CC ; the urchins are turned slowly- 
vohres under a® arch cc, lifted with the same lands of round in the direction of the arrows, by means of a- 
cards which are shewn in Fig. Z.; the teeth are tfispoe- band xm from a wheel on the spindle of foe-cylinder- D. • 
ed to meet those of the cylinder. D is a second To explain die action of this machine, we must give) 
cylinder of cards, foe teeth meeting) the first, its-mo* some idea of- the. nature of the. operation of carding;- 
tidn being taken by a large bevelled wheel f, on the the card-may be Compared to a brush, made with wires; 
end of its spiodle from &. small pinna on the end of a® instead of kin, stuck through a sheet of leather, the 
inclined axis r, which at the other end reostves its mo- wires not being per pendicular to the plane, but all ra- 
tion by a pair of equal bevel wheals from die spindle clmed one way, in a certain angle; see tig. 4, where, 
of the great cylinder B B. Before the cylinder at b, R a nd S are these sheets-of leather for a- pair of cards,- 
ate a pair of fluted feeding rollers, between which that and IT, or VV,. represent the teeth or card wires re- 
cotton passes, and is delivered to the cylinder, the speetivkly belonging to each- Beneath is ® view of one- 
cotton: is spread oat upon a- feeding cloth e which) tr®. wire insulated, shewing the two teeth,- with - their bend, 
verse* constantly round two rollers gA, one of whieh-is in the shank, (failed the knee' bend,, by which they are; 
turned by menu of a pinion from the feeding rollers); iasimed to the leather, in- the manner' before mentioned, 
those receive their motion from a wheel on the end of Now We may conceive, that cotton beingp stack upon , 
the cylinder D by means of beril wheel*, and an in- the teeth of one of three-cards,, another may be applied, 
dined spnafle not seen in foe figure, bat its direction is - to it, and combed or scraped in sticha direction, as to 
shewn by the dotted line a a. The cetton is- taken off: strike foe cotton inwards upon the teeth, rather than, 
the cylinder D in a continued' fleece by the mechanism tend to draw it out Of the consequences of a repe- 
desenbed in Fig*, l and 3; which it called foe comb, titioa of foe strokes of the empty card in this direction, _ 
op taker off. This is a rod or iron bar i a; situated pa- upon the fall, one is a more equable distribution of! 
raflel to the axis of the cyiindbr, and out on- the lower the cotton-, upon foe-surface of the teeth, and in doing, 
edge with fine teeth like a comb; it rides and falls pa- this the fibres are combed and laid straight. Then, if ! 
rallel to itself by being united- to two rods k, which are one card be drawn in an opposite direction over the , 
guided by two levers / /; the lower ends pf the rods other,, it will, in consequence of the inclination of its 
k<k are, as shewn in Fig. 1. jointed to two small cranks wires, take foe whole of the cotton out -of foe card,. 
m formed on a spindle which is turned by a pulley h whose inclination is the contrary way. 
with an endless strap from a pulley tiled ott foe main The cotton being spread out evenly upon the feed- 

axis close behind the great policy A. Now by the ing doth e, and' advancing with the cloth, it is thrown in 
motion offoese cranks the rod i t rises and fails, and at between the flattod feeding rollers b, which deliver it gra- 
tbe same time moves a little to and from the surface of dually and equaUyto the cylinder, by this it is carried round 
the cylinder D. By this motion it scrapes downwards be- until it meet the urchin I, which is turning round very 
tween the teeth thereof, andin consequence removes the slowly, and its teeth meeting- the teeth of the great cy- 
catton from them foe whole length of the cylinder at finder, take off- part of the cotton therefrom, and carry . 
once; and the motion of i the crank is so quick, that by it round liU it meets K, which moves so as to take foe . 
the time this piece of cotton so detached from’ foe great cotton off from I, and return it again to the great ry- , 
cylinder I), baa moved 'with foe cylinderas much as its linder. The- object of thus, transferring it, is to obtain . 
ores breadth, the crank makes another stroke, and- in- a more-regular and equable distribution, than the feed- 
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ing or spreading the cotton upon the cloth e f will make 
upon the cylinder. The great cylinder thus receiving 
the cotton, carries it round and cards it against the teeth 
lining the arch CC ; in this process it becomes more 
equably distributed over the teeth in the cylinder, and 
gets carded ; in so doing the cotton continues in this 
manner, hanging sometimes in the teeth of die cylinder, 
and sometimes in those of the arch, but slowly advanc- 
ing till it comes to the cylinder D, whose teeth meeting 
those of the cylinder, and turning round very slowly 
take the cotton from it in a very regular and even film 
spread over its whole surface. This film it carries round 
to the comb i, by which it is detached, as before de- 
scribed, and lapped round the cylinder E, which conti- 
nues to lap up the fleece upon it, until it has made fif- 
teen or twenty turns, and of course as many revolutions* 
of the fleece round its circumference. The attendant 
then breaks it off ; by dividing it at one part and spread- | 
ing it out straight, it will form a fleece called a lap, 
which is the length of the circumference of the cylinder, 
and consisting of fifteen or twenty thicknesses. By this 
admirable contrivance great regularity is obtained in the 
thickness of the lap, because, if at any one part, the 
fleece produced by the machine is thinner or thicker, 
than it ought to be, in consequence of any irregularity 
in the spreading of the cotton wool upon the cloth, 
previous to carding, such irregularity will have no sen- 
sible effect upon the ultimate thickness of the lap, be- 
cause it is composed of thirty or forty strata, and there 
is no probability that the inequalities of these several 
strata will fall beneath each other, but every chance 
that they will be equally dispersed through the whole, and 
thus correct each other. The lap when taken off, is 
laid flat on a cloth, with which it is rolled up and con- 
veyed to a second carding machine, and spread out 
upon its feeding cloth; in this machine it undeigoes 
exactly the same operation as in the first, and the fleece 
is detached from the cylinder D in the same manner, but 
instead of going to the lapping cylinder E, as we have 
described, it is gathered up as shewn at X in fig. 3, 
into a tin funnel marked it then passes between a pair 
of rollers q r, which compress and flatten the fleece 
in its contracted state, into a pretty firm, and connected 
sliver or band Y, and defiver it into a tin can. The lowest 
of these rollers r is situated upon a spindle s, extending 
across the frame, and turned by a pulley t upon die end 
of it, which is connected by an endless band, with the 
pulley z upon the spindle of the cylinder D. 

By these means, the fibres of cotton are disentangled 
from all knots, and the whole is reduced from die en- 
tangled and matted wool, to a regular and equable sliver 
or band, which is conveyed away in the tin can, to the 
drawing frajne, which We shall next describe by the 
help of fig. $, which is a section of the operative part 
of the machine, taken through its middle ; EEEE re- 
present four of the perpetual slivers or endless canhngs. 
we have just described, entering into it ; let A repre- 
sent the section of a roller, whose pivot does not turn>. 
in a pivot hole, but in the bottom of along narrow 


notch B, cut in an 'iron standard; a is the section of 
another iron roller, whose pivot is retained m die same 
notches at each end, while die roller itself lies or vesta 
on the roller A, below it The surfaces of these rotten 
are fluted lengthwise like a column, only the fluting are 
very small and sharp, like deep strokes of engraving, 
very dose together; it is plan, that if the roller A be 
made to turn slowly round its axis, by machinery, in the 
direction as expressed by the dart ; the roughness of die 
fludngs will take hold of the similar roughness of the 
upper roller, and carry it round also in. the direction of 
the dart, while its pivots are engaged in the notches B, 
which they cannot quit. If, therefore, we introduce the 
end F of the cotton sliver, or band EF, formed by die 
carding machine, it will be pulled in by this motion, 
and Will be delivered out ou the other side, considera- 
bly compressed by the weight of the upper roller a, 
which is of iron, and is also pressed down by a piece 
of brass, which rests on its pivots, or other proper 
places, and is loaded with a weight C. There is noting 
to .hinder this motion of the ribcuid thus compressed 
between the rollers, and it will therefore be drawn 
through from the cans. The compressed part, after 
passing through, would hang down . and be piled up on 
the floor as it is drawn through ; but it in not per- 
mitted to hang down in this manner, it is brought .to 
another pair of sharp fluted iron rollers, K and L. 
Supposing this pair of rollers to be of the same diame- 
ter, and to turn round in the same time and in the same 
direction with the rollers A, a f it is plaiu that K and 
L would drag in the compressed riband and would de- 
liver it on die other side, still more compressed. But 
the roller K is made, by the wheel work, to turn round 
more swiftly than A. The difference of velocity at the 
surface of die rollers, is, however, very small, not ex- 
ceeding one part in twelve or fifteen. But the conse- 
quence of this difference is, that the skein of. cotton 
will be lengthened in the same proportion ; for. the 
upper roller pressing on the under ones with considera- 
! Me force, their sharp flutiogs take good hold of the 
cotton between them. Since K and L take up the cot- 
ton faster than A and a deliver it out, it must either be 
forcibly pulled through between the first roller, or 
it must be stretched a little by the fibres slipping among 
each other, or it must break. 

When the extension is so very moderate as we have 
just now said, the only effect of it is merely to begin to 
draw the fibres, (which at present are lying in every pos- 
sible direction) into a more favourable position, for 
the subsequent extensions. 

The fibres, being thus drawn together, the cotton is 
introduced between a third pair of rollers O. P, con- 
structed in the same way* but so moved by the wheel- 
work, that the surface of Q moves nearly, or full three 
times as fest as the surface of K, the roller P being also 
well loaded, they take, a firm hold of the cotton, and 
the part between K and O is nearly or wholly trebled in* 
its length, or the. sliver is extended, to almost four times 
the length, in, which it enters between A a. After the 
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diver has passed through the three pairs of rollers it is 
conducted through a tin funnel H, being drawn for- 
ward, by a pair of rollers R S, this contracts it into a 
regular diver, and it is delivered at G into a can. The 
upper roller S, is merely pressed down upon the 
under one by its own weight, add therefore compresses 
it but little, though sufficiently together with the con- 
taction, produced by the ^funnel H, to unite the four 
slivers EEEE, which enter together into one which 
passes out at G, between the rollers RS. These rollers 
do not draw or extend the cotton ; their velocities be- 
ing accurately adapted to take up the four slivers as fast 
as they come through the other pairs, and by drawing 
them all together through the funnel H, to unite the 
four into one, and the slight pressure of the rollers 
compremes diem into a firm and connected diver, which 
though compounded of four, is only the same size as 
any one of the four put in, because it is drawn out to 
four times the length. The effect of the machine has 
only been to straighten and lay the fibres parallel to 
each other ; for the motion which the drawing produces I 
.among them always tends to extend each individual 
fibre to its full length, and it is necessary to unite sever 
ral slivers together, or die drawing would reduce the 
sliver to such a small size, that it would not bear 
sufficient extension without separating and breaking 
across. 

Figs . 4 and 6 explain the. wheel work, which commu- 
nicates the motion from one roller to the others, Fig. 4 
being a view of the wheel-work at one end of the rollers, 
and Fig. 5 the wheels at die opposite end. The mo- 
tion is given to the whole machine by a strap and pulley 
D, Fig . 5. on die end of the pivot of the roller O. 
On the opposite end of this roller, the small wheel g, 
Fig. 6, is fixed and turns A, which is mounted only on 
a, stud, and carries with it a pinion t, this turns a wheel 
k p on the end of the pivot of the roller K ; now as the 
wheel g is larger than A, the latter will move much 
slower, and as i is smaller than k, this will move slower 
than either ; the proportions are so adapted, that K and 
k will only turn once for three times of O g , but the 
proportions vary in different mills. On the other end 
of the roller K, a pinion f y Fig. 4, is fixed, this turns 
an intermediate or connecting wheel e, and thus gives 
motion to the wheel d , fixed on the end of the roller 
A, which has the roller a over it*; now the wheel f be- 
ing, in its diameter and number of teeth, to d as twelve 
to fifteen, of course the relative velocities of the rollers 
A and K will bear that proportion as before stated. 

The rollers R S are turned by means of * strap, 
from a pulley on the pivot of the front roller, O. 

The reader will by this perfectly comprehend Sir R. 
Arkwright’s great principle of cotton spinning, by, viz. 
the. drawing by rollers, which extends the fibres in so 
perfect a, manner. 

As the drawing frame takes in four slivers E E E, 
a^d draws them into one at G, this is repeated four times 
over, by passing the sliver as many times through the 
machine; therefore, by this process the sliver is drawn 


out (4 x 4=16x4=64 x 4=256) to 256 times the 
original length, as produced by the carding machine. 

In this state the sliver presents a most beautiful ap- 
pearance, being so extremely regular in its size, and all 
the fibres being drawn so straight, that it bears a beau- 
tiful glossy or silky appearance. After this preparation 
of the sliver it must be reduced io size to a small thread, 
this is done at two operations, the first called roving, 
and the next spinning. The general effect of the spin- 
ning process is, to draw out this massive sliver, and to 
twist it as it is drawn out ; but this is not tQ be done by 
the fingers pulling out as many fibres of the cotton at 
once, at are necessary for composing a thread of the 
intended fineness, and continuing this manipulation, re- 
gularly across the whole end of the riband, and thus 
jp it were nibbling the whole of it away. The fingers 
must be directed, for this purpose by an attentive eye ,* 
but in performing this by machinery, the whole riband 
must be drawn' out together and twisted at it is drawn ; 
this requires great art and very delicate management, it 
cannot be done at once, that is, the cotton sliver cannot 
be first stretched or drawn out to the length that is produc- 
ed ; from the tenth of an inch of the sliver, and then 
twisted. There is not cohesion enough, for this pur- 
pose it would ooly break off, a bit of the sliver aod 
could make no further use of it, for the fibres of cotton 
are very little implicated among each other in the sliver, 
because the operation of carding and drawing has laid 
them almost parallel, in the sliver ; and though com- 

S rested a little by its contraction in the card, from a 
eece of twenty inches to a riband of two, and after- 
wards compressed between the rollers of the drawing 
frame, yet they were so slightly that a few fibres may 
be drawn out without bringing many others along with 
them. For these reasons, the whole thickness and 
breadth of two or three inches, is stretched to a veiy 
minute quantity, and then a very slight degree of twist 
is given it, viz. about two or three turn in the inch, so 
that it shall now compose an extremely soft and spungy 
cylinder, which cannot be called a thread or cord, be- 
cause it has scarcely any firmness and is merely rounder 
or slenderer than before being stretched to about thrice 
the former length. This is called a roving, and the 
operation is performed in the roving frame which is 
shewn in Figs. 7, 8, and 9, the first being a front ele- 
vation, and die other a cross section, the reduction of 
the sliver is affected by rollers in the same manner as 
the drawing frame, but only two ends being put through 
together, instead of four, the size is of course reduced : 
but this reduction renders it so delicate, that it is neces- 
sary to give it a slight twist to render it sufficiently co- 
hesive to bear handling. 

The machine contains three heads or frames AA of 
rollers, each of which receives four ends or slivers from 
the can, BB Fig. 8, which are those brought from the 
drawing frame, and enter between the back rollers a, 
and are drawn out from the cans between them, and 
the other rollers b to the proper degree of fineness, but 
which varies with the quality of the yarn which is to be 
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spun. Each of die sKrerg after passing through the 
rollers, is received into a tin can D, through a small 
funnel E, at the mouth of which the can is set up in 
a frame dd ef, called the skeletoit. It is supported on 
a pivot at bottom, and is kept in rapid motion by a 
band, working on a pulley fixed at the bottom of the 
skeleton ; the neck of the funnel E, is gukM by a collar 
to keep the whole steadily upright, as it revolves. The 
rollers of this machine act in the same manner as those 
of the drawing frame, but have only two pairs of rollers 
instead of three ; they are turned round by means of 
contrate wheels g ; on the end of each, which are work- 
ed by pinions on the tops of as many vertical spindles 
ft, which at their lower ends have pulleys turning the 
skeletons, by means of bands ; the spindles ft are turned 
round- by a strap / which passes round and is common^ 
to all when the machine is ever so long, die strap re- 
ceives its motion, by passing round tire drum F, the 
spindle G of which is turned by the mill, the drum also 
receives other straps as at m, to turn other frames in 
different directions ; I is the sliding coupling box, by 
which the drum can at any time be detached from its 
spindle, raising it by the lever K, and then its points 
do npt touch. The arms of the drum, which being 
fitted on a round part of the spindle does not turn: with 
it, but on letting dbwn the box I, which is fitted on a 
square, it is put m motion, and also the other machi- 
nery. By a similar contrivance any one of the spindles 
ft- can be detached, and the two skeletons which it turns 
will then stand still while the cans D are removed: 

The manner of action in this machine is easily gather- 
ed from the description, the slivers pass two together, 
through the rollers, and are reduced or drawn out there- 
in to the proper degree of fineness; then falling into the 
funnels E, of the revolving cans, they are by the rapid mo- 
tion thereof twisted round; because the centrifugal force 
disposes die cotton to lay round the inside of the can in a 
regular coil, forming as it were a lining of cotton, to the 
whole of the interior surface ; and by this means the 
end of the roving becomes in a manner attached to the 
can, and is twisted round by its motion so as to form a 
coarse loose thread with a very slight twist, and a* very 
soft end open substance. Such is the state of die row* 
ing as prepared by the roving frame, All the preced- 
ing processes are to be considered as the preparation ; 
and the operation of spinning is not yet begun. These 
preparations are the most tedious, and require more at- 
tendance and hard labour than any subsequent part of 
the business. For the slivers from which the rovings are 
made, are so light and bulky, that a few yards only can 
be piled up in the cans set to receive them frpm the 
carding and drawing. A person must therefore attend 
and watch each roller of die drawing and roving frames 
to join fresh slivers as they are expended. It is also 
the most important department in the manufacture ; for 
as every inch will meet with precisely the same drawing 
and same twisting in the subsequent parts of the process, 
therefore, every inequality aad fault of the sliver, indeed 
of the fleece as it quits the finishing card, will continue 


through die whole maanfactane, in a g r eate r or tea* 
degree, being only diminished not corrected by tbe 
drawing, doubling, &c. It is evident that the roving 
produced by these operations must be exceedingly uni- 
form ; the uniformity really produced exceeds: all ex>» 
pectation ; for even although there be some small ine- 
qualities in the carded fleece, yet these are not matted 
clots, which the card could not equalize, and only con- 
sist of a little more thickness of cotton in some places 
than in others. This inequality will first be diminished 
by the lapping of the fleece m the breaking card ; and 
when such a part of the sliver comes to the first rotter of 
the drawing frame, it will be rather more stretched by 
the second. That this may be done with greater cer- 
tainty the weights of the first rollers are made very 
small, so that the middle part of the sliver can be dra wn 
through while the outer parts remain, fast hold. 

As a preparation for spinning, the rovings must bo 
wound upon bobbins from tbe cans D of the roving 
frame, which are* taken away from, the skeletons as soon 
as they are filled, and carried to the winding machine, 
Fig. 10. which however only shews the operative parts 
of the machine, the frame being bmitted. The chief 
part of it is a cylinder A, which is turned round by a 
winch handle B ; the bobbins a a on which the rovings 
b b are to be wound rest With their weight upon the 
surface of this cylinder, and are carried round by it 
with great rapidity, aad wind up the rovings, which are 
guided by pins projecting from w mil d which has by 
the machine a slow traversing motmfrom one end oftb* 
bobbing to the other, and thus lays the cotton regularly 
on the whole length; The bobbins are merely pot 
loosely on a wire e, and cae quickly be: changed for 
others when they are filled, they are then carried to 
the spining frame (see Fig. 11 and lfi . of Plate 1L) the 
former being w front view and the other a side section. 
In both of them, A represents the bobbins filled with 
rovings which it to be spun into thread ; they are set up 
in a rack or frame over head, and 'are conducted down 
at a a through rollers bed, which are the same as die 
drawing frame; and extend it in length 10, 12, or 1& 
times, accordingly as the yam which is to be spun re- 

r res to be finer or coarser. Hus is delivered out to 
spinning apparatus or spindles : these are straight 
steel arbors, on the lower end of which the pulleys; of 
hafts as they are called, receive the bands/; for turning 
them. These spindles are mounted in a frame common 
to them all, which consists of two rails B C, the lower 
one supporting the points or toes of the spindles, and - 
the. other having bearings for the cylindrical parts of 
each spindle, and a wire staple is fixed ovpr each to * 
keep them up to their bearing*. Above this bearing the 
spindle is only a straight cylindrical wire, and ou the- • 
upper end of it the fork or flyer ft is fastened either by 
screwing it on, or it is stuck fast on by friction, which . 
is sufficient to carry it about Tbe two arms or branches 
of the flyer are sufficiently distant for them to revolve 
round clear about the Robbia ft, which is fitted loosely 
upon the cylindrical spindle, and with liberty to sKdo 
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freely up and down upon it The weight of the bobbin 
is supported by resting on a piece of wood attached to 
a ran M, which has a slow rising and falling motion, 
equal in extent to the length of the bobbin between its 
shoulders, by which means the thread as it comes 
through the eye, is formed at the ends of either of the 
blanches h of the flyer, and is wound by the motion 
thereof upon the bobbin. It becomes equally distribut- 
ed throughout its length, giving it a cylindrical figure 
instead of keeping all die thread at one part like a 
barrel, as would happen if the bobbin did not rise and 
felL The spindles are constantly kept in rapid motion 
by the machine, and twist the fibres round each other 
the instant their ends come out, before the rollers 
leave the other ends, or they would fall to pieces ; 
being drawn out so fine, that the cohesion of the 
fibres is insufficient to bear any thing, and the twist 
given to the roving is entirely lost ; for it was at first only 
one turn in one or one and a half inches in length, and 
this one and a half inch being by the draught of the rollers 
drawn out 10 or 12 times the length, the twist of one 
turn in this length is imperceptible, and adds no strength 
whatever to the roving, so that it is necesmry the spin- 
dle should by the connexion of the thread passing down 
from the rollers to its flyer, give a twist to the fibres the 
instant they come through the rollers, which they do by 
the thread being conducted down from the rollers 
through the eye formed at the end of either of the 
branches of the flyer, which revolves with the greatest 
rapidity along with the spindle, and then gives the twist 
to the thread ; the bobbin does not partake of die na- 
tion of the spindle, but is retained by the friction of its 
lower end resting on the piece of wood l, and this is 
increased by a washer of leather put under it. This 
friction gives such a resistance to die motion of the 
bobbin, that the motion of the 'flyer running round it 
.will hy the thread evenly upon it as fast as tbe rollers 
sutler it to come forwards. 

The motion of the whole machine is communicated 
in the same manner as the roving frame by a vertical 
spindle D to a drum E which receives a strap n for one 
frame, and a similar one o for another. The former of 
these straps extends the whole length of the machine, 
turning all the vertical spindles p on both sides of the 
frame by means of pulleys on the lower ends of them. 
Each of these vertical spindles puts in motion four 
spindles and the rollers belonging to them ; the former 
by the bands f, which go round the wheel r upon the 
spindle? p 9 and the rollers it turns by a pinion at the top 
of each, turning a contrate or face wheel t on the end 
of each roller. 

. It is to be observed that tbe frame, Fig. 11, is in 
practice extended to contain 40 or 60 spindles on each 
side instead of four, and one of the vertical spindles p, is 
provided for every four spindles, but the strap n is 
common to them all. The wheelwork for turning the 
rollers is shewn in Fig. IS, and needs no explanation, 
being the same with those already described. The rise 
and fell of the rail m y and all the bobbkas upon it, is 


thus produced; they are both suspended from the oppo- 
site ends of a horizontal lever L L M, which has a 
third arm M proceeding from it, which bears against 
the surface of a part N, which is a wheel of that figure 
turning slowly round, and thus moving the lower LLM 
and producing an alternate rise and fell of all the bob- 
bins in the frame. The heart is turned round by a 
wheel R, Fig. 1 1, on tbe end of its spindle worked by 
a pinion upon a spindle S, which also carries a wheel 
T, and this is turned round by means of a worm cut 
upon the main spindle of the frame. 

The drum can at any time be detached from its spinr 
dle, and then the whole frame will stand still ; for this 
purpose the spindle D passes through the drum E, a 
circular fitting, so that it slips freely round within it 
without giving motion to the drum, except whea it is 
cast into gear ; this is done by two locking bolts w, 
shewn by dotted lines passing through tbe drum, and 
both fixed into a collar or socket x 9 fitted to slide up 
and down, the spindle. It has a groove formed round 
it, in which a fork at the end of a lever is received, so 
that the forked lever embraces the piece tr in the groove, 
and when lifted up raises the two locking bolts with it, 
and unlocks the drum from tbe spindle D by withdra Wr- 
ing the locking bolts from their contact with an army, 
which is fixed fast on the spindle beneath the drum, and 
therefore turns with it ; but the locking bolts being let 
down that their ends may project through the drum and 
intercept the cross arm f of the spindles, tbe drum and 
all die machinery is putin motion. In like manner each 
of the pulleys of the vertical spindles p which receive 
tbe great strap n are fitted to slip round on their spin- 
dles p 9 but can at any time be united thereto to give 
them motion by a locking box bayonet z, which is cast 
in or out of action at pleasure by a small lever in ex- 
actly die iftme manner as the locking of the principal 
drum; therefore by this lever any four spindles can be 
detached from tbe machine at pleasure, and their mo- 
tion stopped to change the bobbins when they me filled 
with thread, which is tbenfiuished, and requires only to 
be reeled off the bobbins, for the weaver or other 
purpose. 

From this account it appears that the process of spin- 
ning differs but very little from the roving, except that 
the twist given after its last stretching in length is so 
much ^eater than the roving, being intended to give 
the yarn hardness and firmness, so that it will after- 
wards break rather than stretch any more. The per- 
fection of the ultimate thread or yam depends in a 
great measure on the extreme softness of uie roving, 
for it is this only which makes it susceptible of an 
equable stretching ; all the fibres yieldiug and separat- 
ing alike, and this property will be greatly influenced 
by the quantity of twist given by the roving frame; for 
these points no very distinct rule can be given. It. is 
various in different mills and with different species of 
cotton wool, as may be easily imagined. The imme- 
diate mechanism or manipulation must be skilfully ac- 
commodated to the natiire of that friction which the 
3 S fibres 
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fibres of cotton exert on each other, enabling one of 
them to poll others along with it. This is greatly 
aided by the contorted curled form of a cotton fibre, 
and a considerable degree of elasticity which it pos- 
sesses. In this respect it greatly resembles woollen 
fibres, and differs exceedingly from those of fiax ; and it 
is for this* reason that it is so extremely difficult to spin 
fiax in this way ; its fibres become lank, and take any 
shape by the slightest compression, especially when , 
damp. But beside this, the surface of a cotton fibre 
has a harshness or roughness which greatly augments 
their mutual friction. This probably is the reason why 
it is so unfit for lint and other dressing for wounds, and | 
is refused by the surgeons even in the meanest hospitals, i 
But its harshness and elasticity fit it admirably for the 
manufacture of yam. Even the shortness of the fibre 
is favourable; and the manufacture would be very diffi- 
cult if the fibre were thrice as long as it generally is. 
If it be just so long that in the finished thread a fibre 
will rather break than come out from among the rest, 
it is plain that no additional length can make the yam 
any stronger, with the same degree of compression by 
twining. A long fibre will indeed give the same firmness 
of adherence with a smaller. 

This would be an advantage in any other yam ; but 
in cotton were it less it would become woolly and 
rough by the smallest use, and it is already too much 
disposed to teazle out. Now, suppose the fibres much 
longer,- some of them may chance to be stretched along 
the sliver through their whole length. If the sliver is 
pulled in opposite directions, by pinching it at each end 
of such long fibres, it is plain that it wifi not stretch 
till this fibre be broken up, or drawn out ; and that 
while it is in its extended state, it is acting on the other 
fibres in a very unequable manner, according to their 
positions, and renders the whole apt to separate and 
draw more irregularly. This is one great obstacle to 
the spinning of flax by similar machinery. 

We have now* described the whole process of cotton 
spinning, and have only to explain how the thread is 
converted into cloth. The machine called a reel takes 
off the thread from the bobbins of the spinning frame 
and winds it into hanks, each of which is 840 yards in^ 
length, which are twisted up for package. The size of 
the thread is denominated by the number of these 
hanks which will weigh a pound; and in this state it is 
sent' to market, where the weavers buy it. But va- 
rious kinds of yam are made for sale ; some is dyed, 
others bleached; some twisted two threads together 
after spinning, and one of these threads is often dyed 
whilst the other remains white to produce speckled 
colours. Sometimes the thread is wound on quills for 
the weavers shuttle, at other times the yarn is formed 
into hanks previously to their being dyed, in order that 
the parts so tied may be prevented from taking the co- 
lour. This is done that the thread may be disposed to 
warp in the weaving loom, so as to produce the' clouds 
which are seen in various species of cotton goods, 
especially gingams. 


A large cotton mill is generally a vast building of 
five or six stories high ; the two lowest are ushally for 
the spinning frames, if they are for water twist, because 
of the great weight and vibration caused by these ma- 
chines. The third and fourth floors contain the card- 
ing, drawing, and roving machines. The fifth story is 
appropriated to the reeling, doubling, twisting, and 
other operations performed on the finished thread. 
The sixth, which is usually in the roof, is for the bat- 
ting machine or opening machine, and for the cotton 
pickers, who for a large mill are very numerous. 

The general machineiy of the cotton mill, by which 
the various engines described are set in motion, is as 
follows : the moving power, whether a fall of water of 
a steam engine, is, by intervening wheels adapted to its 
nature, made to turn round a vertical shaft, which 
passes through all the stories or floors of which the mill 
consists ; in each of which* it is furnished with a hori- 
zontal toothed wheel which gives motion to a verticil 
wheel, to which is attached a horizontal shaft going 
across one end of the floor, which gives motion to two 
or more other horizontal shafts, according to the 
breadth of the building, which run {he whole length of 
the story. These again give motion to small vertical 
shafts which sustain the large drums that set the spin- 
ning frames in motion. The horizontal shafts have also 
drums on them, from whence bands proceed by which 
the carding engines and drawing machines are turned. 
What is said of the general arrangement of the mill* 
work can only be understood in a general sense, for the 
number and position of the horizontal shafts set in mo- 
tion by the vertical shaft must vary according to the 
nature of the buildings, and the disposition of the 
frames in each floor of them. Where it can be done, 
it is best to have the vertical shaft placed in the middle 
of the building, with the horizontal shafts proceed- 
ing from both sides of it at every floor, for then 
the horizontal shafts sustain less of that twisting mo- 
tion which is veiy injurious to them, and to which 
they would be more liable if of the whole length of the 
building. 

The spinning frames are attended by children to piece 
the threads when they break, and the whole attendance 
of the various engiues is for the most part performed 
by children also. The numbers of persons of the 
tender age employed in large mills amount to several 
hundreds. 

Some of the great cotton mills were worked inces- 
santly night and day, and different sets of children 
relieved each other in succession in attending them. 
This system was found to be very injurious to their 
health. An act of parliament was passed enforcing salu- 
tary regulations on these points, which have been 
warmly seconded by the humane proprietors of some 
of the most eminent mills, who have their buildings 
now well ventilated and warmed. They have also paid 
proper attention to the food, clothing, and personal 
cleanliness of the children, and they have them taught 
to read and write, and take care that they receive in- 
structions 
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structions as to their morals and religion both of which 
were shamefully neglected in former times. 

We must now turn our attention to the weaving of 
the yarn, or twist so spun; the machine used in this 
process is the loom, there are a great variety of different 
looms, but the most simple and common is that used for 
weaving plain cloth of any materials, as cotton, thread, 
silk, wool, &c. 8cc. On examining any piece of plain 
cloth, it will be found to be composed of two distinct 
sets of threads or yams, running in two directions per- 
pendicular to each other, those threads in the direction 
of the length, are called the warp, and extend entire 
from one end of* the piece of cloth to the other, those 
threads running across the cloth perpendicular to the 
warp, , are called the woof or weft, it is in fact one con- 
tinued thread through the whole piece of cloth, being 
woven alternately over and under each thread of the 
warp, until it arrives at the outside thread ; it then passes 
round the thread and returns back over and under each 
thread as before, but in such a manner that it now goes 
over each thread which it passes under before, thus 
firmly knitting or weaving the whole together. 

The outside thread of the warp round which the woof 
is doubled is called the salvage, and cannot be unravelled 
w ithout breaking the woof. 

The breadth of the cloth determines the number 
of threads the warp shall contain, and its quality or 
fineness limits the thickness of the threads and their 
distance asunder ; these tilings being settled the weaver 
takes the proper number of threads of the right length 
and stretches them out parallel to each other in a field 
or long building, and rolls them all together upon' a cy- 
lindrical roller A Fig . 1, called the yarn beam. 

This at least was the practice formerly but the same 
operation is now performed much more conveniently 
and expeditiously by a machine called the warping mill; 
this is a very large reel oti which the requisite number 
of threads are wound all together, and then transferred 
to the cloth beam. 

After the cotton 4s spun, it is frequently made into 
warps fit for the weavers before it leaves the mills. 
This operation is performed on the machine, called a 
warping mill, which consists of a light frame work 
forming the outline of an octagonal prism, or one of 
more numerous sides about six feet diameter, and seven 
feet high, that is turned round on a vertical axis by a 
band that passes from a grooved wheel on the axis, to 
another grooved wheel turned by a winch, and is placed 
under the seat on which the warper sits. The bobbins 
which sustain the twist, are placed on a vertical rack 
suspended from the ceiling and the threads from them 
pass between two small upright rollers, on a piece of 
wood which slides perpendicularly along an upright bar, 
fixed at one side of the revolving frame. A small cord 
pasBesfrom a part of the ax is, that rises above the frame 
over a pulley at the top of the fixed bar dowu to the 
sliding guide, which it slowly draws up by coiling round 
the axis as the frame turns round, by which means the 
yam is wound spirally about the frame, to the length of 


which the warp is required ; to this extent when the 
yarn arrives it is crossed on pins projecting from the 
frame, and the mill is turned the reverse way, by which 
the slide descends, and the yarn is laid along the same 
spiral downwards along which it before ascended. 

When the warp is completed to the number of threads 
required for the web, for which it is intended, it is 
taken off the mills and *wound up into a ball, the cross- 
ing being first properly secured for the use of the 
weaver, and iu this state it is sold to the weaving ma- 
nufacturer when the mill owner is not concerned in this 
branch of business himself. 

The weaver opens and unwinds this ball and rolls it 
up upon his cloth beam with very little trouble com- 
pared with the old method of extending all the yarns at 
once. 

The beam thus filled with yarn, is placed in the 
Loom at B Fig . 14 and 15 Plate II, which are an end 
view and section of a loom, the other ends of the yarn 
are made fast to a similar beam A, called the doth 
beam > and upon which they are rolled up after being 
made into cloth ; dd, are two sticks connected together 
by several threads, the number of which is equal to half 
the number of yarns upon the warp, this system of 
threads is called a heddle, ee is another similar heddle. 
Behind the former, and in the middle of each thread, 
composing the heddle is a loop through which the yarns 
of the warp are passed, one half of them going through 
the loops of the heddle ee, and the other half passing 
between the threads of the heddle ee, and afterwards 
through the eyes of the other heddle dd. The two 
heddles dd and ee are connected together by two small 
cords going over pulleys r, suspended from the top of 
the loom, so that when one heddle is drawn down the 
other will be raised up, as shewn in the figure 14; the 
heddles receive their motion from levers or treadles DF 
moved by the weaver’s feet, the yarns of the warp being 
passed alternately through the loops of the heddles, so 
that by pressing down one treadle as D, all the yarns y 
belonging to die heddle d are drawn down, and by 
means of the cords and pulleys r, the other heddle e 
with all the yarns z belonging to it are raised up, leav- 
ing a space of about two inches between the two sets of 
yarn. 

FGGHI is a frame called the batten, suspended by 
its upper bar F from the upper rail of the loom, so that 
it can swing backwards or forwards. The bottom, bar 
H shewn separate in Fig. 16, is much broader than 
the rails GG, and projects before their plane about an 
inch and a half, forming a sheff, called the shuttle rac£. 
The end of the bar H has boards nailed on each side of 
it, and at the ends to form two short troughs II, in 
which pieces of wood kk 9 called pickers or drivers are 
guided, by two small wires fixed at one end to the up- 
rights GG, and at the other ends to the end pieces of 
the troughs 11. Ebcb pecker has a string fastened to it 
which is tied to a handle p, which the weaver holds in 
his right hand when at work, to pull the pecker back- 
wards and forwards. The shuttle Fig. 17, is a small 
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piece of wood, pointed at each end, about six inches 
long, having an oblong mortice in it, containing a 
small bobbin K, on which is wound the thread for the 
woof, and the end of it comes through a small hole m 
in the shuttle called the eye. 

The shuttle has two little wheels n n, on the under- 
aide, by which it runs upon the shuttle race H. The 
weaver sits on the seat M, which hangs by pivots at its 
ends, that it may adapt itself to the most easy posture, 
when the weaver sits upon it ; it is lifted out when the 
Workman gets into the loom, and he puts it in after 
him ; he leans his. breast against the cloth roll. A, and 

E laces his feet upon the treadles DE ; in his right hand 
e holds the handle p of the peckers, and in his left he 
holds one of the uprights G of the button ; he com- 
mences the operation of weaving, by pressing down one 
of the treadles by his foot, tbis depresses one half of 
ihe yams of the warp, and raises the others as before 
described, the shuttle is placed in one of the troughs I, 
against one of the peckers, then by drawmg the handle 
of the pecker with a sudden jerk, drives the pecker 
against the shuttle, and throws it across the warp upon 
the shuttle race into the other trough I, leaving the 
thread of the weft which was wound on the bobbin K 
after it. With his left band be then pulls the batten 
towards him by the frame of canes R, die thread of 
the warp before lying loose between the warp, is driven 
tip towards the cloth roll, leaving it straight, the weaver 
now presses down his other foot, this reverses the ope- 
ration, pulling down die heddle winch was up before, 
and raising the other, the same of the yarn of the warp. 
By the other pecker, be now throws the shuttle back 
again, leaving the woof after it between the yarns of 
the warp, and by drawing up the batten, beats it close 
up to the thread thrown before; in this manner the 
operation is continued until a few inches of the doth 
are woven; it is then wound round the cloth roll, by 
jptting a short lever into a hole made in the roll, and 
turning it round. A dick acting in the teeth of a ser- 
rated wheel w, Fig. 15, prevents the return of the 
soil ; the ysm roll B has a cord lapped round it, one 
of the cords is tied to the frame of the loom, the other 
has a weight R hung to it ; this rope causes a friction, 
which prevents the roll turning, unless the yarn is 
drawn by the doth beam, this always preserves a pro- 
per tension in the yarn. TT are two smooth sticks 
put between the yarns, to keep their position and pre- 
serve the threads or yarns from entangling ; these sticks 
as rods, are kept at a uniform distance from the bed- 
dks, either by tying them together, or by a small 
cord with a hook at one end, which lays hold of the 
front rod, and a weight at the other, which hangs oyer 
the yam beam B. The doth is kept extended during 
the operation of weaving, by means of two pieces of 
hard wood, with small sharp points in their ends, which 
lay hold of the edges or selvages of the cloth. 

These pieces called the temples, are connected by 
a cord, passing obliquely through holes, or notches in 
each piec?. By this cord they can be lengthened or 


shortened according to die breadth of the web. They 
are kept fast after the doth is stretched, by a small bar, 
turning on a centre fixed in one of the pieces, .with 
its longer end projecting dosely over the edge of the 
other piece. 

If the pattern, or course of changes, in the order of 
raising and depressing the threads of the warp be vari- 
ous, so that the weaver could not manage the requirite 
number of treadles, it is done by a great number of 
striogs, which pass over pulleys above the loom, and 
are drawn one after another by a little boy, above whose 
head they are disposed in two row s by the sides, and 
between two looms. These looms are therefore called 
draw hoys. The boys will shortly be set aside, for ma- 
chinery which is rapidly introducing as a substitute. For 
the formation of springs, &c. of various colours, there 
are often as many shuttles as colours, -or a number of 
little swivel looms, such as they use for the weaving of 
tapes, introduced occasionally, as many as there are 
sprigs in the breadth of a piece. Quiltings appear to 
be two distinct cloths, tied, as it were, together by 
stitches, which go through both cloths, and in some 
cases, as in bed quilts, there is a shuttle which throws 
in a quantity of coarsely spun cotton, to serve as a kind 
of wadding. 

The counterpanes are woven with two shuttles, one 
containing a much coarser weft than the other; the 
coarser of the threads is picked up at intervals with an 
iron pin, rather hooked at the point, so as to form knobs 
disposed in a sort of pattern. 

The webs, as the piece of cloth are called, when 
taken from the loom, are covered with an irregular 
knap or down, from the projection of the short fibres 
of the cotton wool, which is removed by nagying the 
webs over a red hot iron plate that boon it off. 

The apparatus for this operation, coarista of mi iron 
@emi-cjlmder, set horizontally in brick work, hastily a 
fire placed under it with an iron door, through which 
foed may be introduced ; at each side of this is placed 
a light wooden roller of rail work, turning freely on an 
iron axis by a winch ; from die same uprights which 
support these rollers, are suspended light frames on 
each side, which turn on pivots in their centres, by de- 
pressing the further ends of which the ends next the 
stove raise up a rail, which runs across near the inns 
semi-cylinder, and which mostly consists of a. light iron 
rod. 

After the fire placed beneath the iron burner hat 
made it red hot, roe web, whose surface is to be burned 
is rolled up on one of these cylinders, or reels, and the 
end of it is passed over the lifters, aid red hot iron to 
the other cylinder; a man stands at each reel, and the 
instant the one at the empty reel begins to tarn, the 
lifters are lowered, so as to let the web come in cam- 
tact with the red hot iron, by which means its whole 
surface is drewnover the iron, with that degree of ve- 
locity which is just sufficient to bum off those Loose 
filaments without injuring its fabric. The very 
muslins undergo this operation, and though they are so 

this 
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thin, that the lent deviation from the proper velocity 
in passing them over the iron, causes them to be burned 
through, yet there very seldom happens any accident, 
which skews . that the process is .more hazardous in 
appearance than reality. 

After burning, the webs are all washed in a wheel, 
and then bleached in the oxygenated muriatic acid, di- 
luted to its proper strength. These preparations are 
repeated alternately, till the goods have attained the 
requisite whiteness; and between each dipping they 
are laid out upon the ground, and exposed to the action 
of the son and air. When completely bleached, they are 
either smoothed upon long tables, with smoothing irons, 
or calendered, that is, stretched and pressed between a 
course of rollers, by which they acquire a fine gloss. 
Calicoes are printed exactly in the same way as the 
kerseymeres in Yorkshire, but the works are usually upon 
a much larger scale. 

Thicksets, corduroys, velveteens, &c. are cut upon 
long tables, with a knife, ef a construction somewhat 


like the stipg of a wasp, terminating in a very sharp 
point, defended on each sida by a sort of sheath. 

This point is introduced under dm upper course of 
threads, which are intended to be cut, and with great 
ease carried forward the whole length of the table. 

The rapid increase of the cotton trade appears to 
have been owing in a great measure to the more liberal 
introduction of machinery into every part of it, than 
into any other of our staple manufactures. The utility 
and policy of employing machines to shorten labour, has 
been a. subject which has exercised the pens of many 
ingenious writers, while then* introduction into almost 
every branch of manufacture, has been attended in the 
outset with milch riot and disorder. They are undoubt- 
edly wonderful productions of human genius, the pro- 
gressive exertions of which neither can, nor ought to bs 
stopped; they enable a manufacture to produce a bettor 
article than can be tirade by the hand, in consequence 
of the uniformity, and certainty of their operation^ 


CURRYING. 


Cuuutiko is die art of dressing or preparing lea- 
ther for shoes, and a variety of other purposes, after it 
has undeigone the process of tanning. 

The currying trade has, like some others, been hi- 
therto much neglected, in works of this nature, which 
may, perhaps, be attributed in a great measure to the 
difficulty of obtaining assistance from those who have it 
in their power to communicate die requisite informa- 
tion. Many valuable treatises have, no doubt, been 
furnished by men of practical knowledge in various 
branches of the arts and manufactures, but in general, 
principals in a manufacturing trade, however they may 
be inclined to disclose their secrets for the gratification 
of die public, are toe much absorbed in their daily oc- 
cupations to engage in undertakings foreign to their 
accustomed pursuits. This may be more particularly 
said of the currying trade, where personal attendance is 
indispensable, and it is scarcely necessary to add, that 
die persons usually employed in laborious occupations 
are not, in general, the description of men from whom 
an accurate and intelligent account of any art or ma- 
nufacture can be reasonably expected. When, how- 
ever, the, manufacture of leather is compared with the 
other productions of this country, and its importance, 
as m article of commerce, and general consumption, 


is considered, it will appear desirable that the publie, 
and those more immediately concerned, should be in 
po ssess ion of a circumstantial knowledge of the several 
branches of the leather trade. Our more general 
observations will be reserved as properly belonging 
to the article Tanning. We shall, at present, confine 
ourselves to that part of the trade which is compre- 
hended in the article before us, introducing, by the 
way, such occasional remarks as are connected with 
the subject, in addition to the manual operations of the 1 
journeyman. Curriers exercise their trade under a li- 
cense from the Board of Excise, which they take out an- 
nually, and they are obliged to specify in the entry, every 
room in which leather is deposited, as well as the vats 
and tubs in which it is soaked. Their premises are, of 
course, subject to the inspection of Excise Officers; 
and any hide or skin not baring the tanners duty-mark, 
is liable to seizure. This is occasionally productive of 
trouble and vexation, as it frequently happens, that in 
rounding the skin, the duty-mark is cut on, unless the 
skin be stamped so far towards die middle and more 
useful parts, as to be an injury. By a late amendment 
of an Act of Parliament, the tahners in Scotland are 
said to enjoy the liberty of carrying their own goods, 
but the implication is ambiguous, arid in England the 
3 T % union 
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Qoioo of the two trades is stiH prohibited under severe 
penalties. The only reason for this prohibition is pro- 
bably to, prevent the evasion of the tanners’ duty, which 
might otherwise be facilitated, by transferring die tanned 
goods immediately into the hands of the currier; but 
if there should appear to be an advantage in uniting the 
trades of currying and tanning, of which under certain 
local circumstances we cannot entertain a doubt, this 
objection might be easily and readily obviated, by le- 
vying the Excise duty, not on the weight of the tanned 
leather, but on the measure of the tanners’ pits, which 
has always, been the practice in Ireland. 

The premises of a currier usually consist of a shav- j 
mg shop, scouring house, and rough leather warehouse, 
on the ground floor, and above these are erected the 
.drying sheds, which are weather-boarded, and calcu- 
lated to admit a free draught of air, where the wet 
leather is hung on books fixed in rails, which are 
placed horizontally in rows. The stuffing tables, which 
are of mahogany, are also fixed here ; the lower floors 
are differently arranged by different persons, according 
to the extent of the premises, and the business to be 
carried on. Where a choice of situation offers, that 
will be preferred in which the air has free access to the 
sheds, and at a proper distance from foundries and 
steam engines, the smoke and smuts issuing from these 
buildings being a great annoyance to the currier, . and in- 
jurious to saddle and boot-top leather in particular, the 
value of which depends much on the brightness and 
regularity of colour. An open yard is a useful appen- 
dage, and in extensive concerns cannot well be dis- 
pensed with. The coach and saddle currying is in 
many instances a distinct trade in London, but it is 
sometimes connected with the shoe trade, and in the 
countiy they are generally united and carried on by the 
same person. . 

The skin or shoe trade will come first under consi- 
deration, in which is comprehended the dressing of calf, 
seal, hoyse, and dog skins, with the lightest ox and cow 
hides, for shoe upper leathers ; and to this is usually at- 
tached the^bilsiness of a leather-cutter, which implies the 
cutting qp of heavy tanned hides, called crop leather, for 
soles, and curried goods for shoe upper leathers, welts, 8cc. 
for the retailer and consumer. It is a general practice to 
weigh foe skins and mark them singly before they are put 
into work, which enables the master to ascertain his 
profit on every, lot of goods, or on every dan if he 
wishes to. be so particular, and also assists his judgment 
in buying and assorting the different kinds of goods, 
and in applying them to the particular purposes for 
which they are calculated. This requires as much ex- 
perience as any part of the traded and a moderate profit 
is often wasted for want of proper attention in the per- 
son, usually the foreman in large concerns, who fills 
this department. In laying in rough goods the buyer 
should be well informed in the varieties of tannage, as 
well as the growth peculiar to different parts of the 
country, which are as readily distinguishable as the cattle 
themselves to an experienced dealer. Tanned goods 


are sold chiefly by weight, arid the buyer must have! in 
view the cjuaKty of the leather, pattern, and substance*^ 
the latter is unequal and varies in the same lot of goods 
and in different parts of the same skin. The proportion 
of thin loose leather to the middle or prime parts of the 
skin, is a principal consideration with the buyer, and 
he always finds foe skin of the cow, or any other female 
animal more level, of a finer texture, and consequently 
more valuable than that of the male ; the firmness and 
fineness of leather depends much on the treatment it has 
had in the tanner’s pits. It is part of his duty to con- 
tract and fill the looser parts of the skin, which will be 
seen in its proper place ; the gashing of the skin by die 
butcher, is also a matter of much consequence to the 
buyer and requires all his caution, as the extent of the 
mischief does not always appear, until the fibrous mat- 
ter adhering to the flesh side, and which connects the 
skin to the carcase be removed by the currier’s knife. 

An act was passed m the year 1800, inflicting certain 
penalties on the butcher in proportion to the damage 
done to the skin, and persons have been appointed to 
the markets throughout the kingdom, to inspect the 
skins and levy the fines by information before a magis- 
trate, in proportion to the damage, but it bas been 
found inefficient from the total negligence of the inspec 
tors in some places, and more so from the good under- 
standing the Tanner finds it his interest to keep up with 
the butcher. Unfortunately the currier and not the 
tanner, who is die only check on the butcher, is the 
principal sufferer by his negligence. It may be matter 
of doubt how far enactments of this nature have a bene- 
ficial effect. We believe trade seldom does so well as 
when left to itself, at the same time it must be admitted 
that the law which we now speak of, if properly en- 
forced, would go to prevent the destruction of muoh 
valuable property, and may be salutary so long as Ike 
tanning and currying trades remain separate. 

The recent - repeal of statute 1st, James I. has 
relieved the trade from a vexatious fax by abolishing 
the useless offices of Searchers and Sealers of Leather. 
Until the year 1808, Leadenhall Market was subject 
to the troublesome interference of these officers, who 
were obliged to compromise a duty it was impossible 
to execute ; and we believe the most strenuous among 
those who at that time assisted in supporting such a re- 
gulation, now consider their own judgment well substi- 
tuted for the obnoxious statute. The country leather 
dealers had long before wisely relieved themselves of its 
restrictions. Experience soon teaches the buyer to dis- 
criminate between well tanned and well dried leather, 
and the contrary, and according as a deficiency in either 
deteriorates the value so is the price given ; this act also 
extended to currying and shoemaking, and persons an- 
nually appointed from among the master curriers paid a 
yearly visit to every house in the trade professedly to 
examine and correct any deviation from the established 
method of manufacturing their goods. They however 
very commendably; satisfied themselves with exacting a 
small contribution from each bouse to defray the ex- 
penses 
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. of a dinner for the collectors. To confine ma- | 

nufactarers to the use of certain materials and restrict | 
curriers to the ancient mode of dressing leather would ! 
have been an effectual bar to improvement, and was too 
absurd to be acted upon at the present day; but to 
come to practical currying ; the dressing of a calf skin 
for shoe upper-leathers will give a good general idea of 
the process ; we will, therefore, take one as it is receiv- 
ed from the tanner and pursue the operation through 
the hands of the workman to its finished state. The 
offal parts* such are the face, tail and shanks, being first 
taken off, which is called rounding the skin, it is deli- 
vered into the journeyman’s hands, who throws it into a 
vat or tub of water to soak preparatory to the operation 
of shaving, which is performed by a knife of a peculiar 
make, and it will be necessary to give a description of 
this tool as well as the beam on which the leather is 
shaved. The beam, so called by the curriers, is a post 
about three feet high, fixed id a slightly inclined posi- 
tion on a firm stage or platform, which is raised eight 
or ten inches from the floor for the man to stand upon; 
this post* is about four inches thick and eight inches 
wide, and is faced with a board of lignum vitae of the 
same breadth. The knife has two edges, the blade is 
rectangular about twelve inches long and from four to 
six inches wide, and vaiying in size and weight according 
to the work to be performed ; one end has a straight 
and the other a cross handle in the plane of the knife. 

It is brought to a wire edge by nibbing on a stone of a 
coarse grit, which is afterwards taken off, and a finer 
edge produced by a finer and softer stone. The cross 
handle of the knife is then fii*mly fixed between the 
workman’s knees, and while in a kneeling posture, he 
turns the edges to an angle with their former position 
by means of a polished steel, similar in shape to a 
butcher’s steel. They are kept in order, chiefly by a 
smaller steel, which the man holds constantly between 
his fingers, and passes along the knifes, the point 
within, and the side without the groove formed by the 
turned edge, as occasion requires; and as often as the 
edges are worn with use they are renewed in the same : 
way. The name of Cox of Gloucester, is known i 
throughout Europe as the principal maker of curriers’ 
knives , Lane of Cirencester is also an approved maker, | 
and a patent has lately been obtained by Mr. Bingley j 
of Birmingham, for an improvement in the manufacture 
of CurrierB* knives. These have not yet been sufficiently 
tried to decide on the > merits of the improvement, but 
from what we have seen of them they are certainly well 
worth the master’s attention. We say the master, be- 
cause there is always a prejudice to encounter in the 
introduction of any new tool, or indeed any alteration 
whatever in the mode of manufacture. Having thus 
prepared the knife, the wet skin is thrown over the 
beam with the flesh side outwards, and the man 
keeps it in its position by the pressure of his 
knees as be leans over the beam. The knife is then 
applied horizontally to the leather, and by repeated 
strikes downwards it is reduced to die substance re- 


quired. The angular edge does not merely scrape the 
skin, but in the hands of a skilful man takes off a 
shaving the full breadth of the beam at every stroke of 
the knife. The man’s whole strength is exerted in 
shaving, and great care as well as ingenuity is necessaiy 
to avoid galling, or reducing the skin more in some 
parts than others. Long practice has not always been 
sufficient to make a man expert at this operation ; many 
journeymen of long standing find a difficulty even in 
making the knife cut, and some have never attained the 
art. Here will be seen the importance of a well ma- 
nufactured tool ; a flaw or a crack in the metal renders 
it useless, and a regular temper throughout the knife is 
a desirable object, in which Mr.Bingley’s are said to excel. 
He rivets a plate of steel properly tempered between 
two iron'plates, instead of welding the whole together, 
which is the case with other makers ; and thereby, as he 
properly observes, making the thicker and thinner parts 
unequal in temper according to the unequal influence of 
the same degree of heat on the thicker and thinner parts 
of the knife. In order to keep the substance of the 
skin equal, the man frequently examines jt in the course 
of shaving in evenr part, by passing it double through 
his fingers, and when sufficiently reduced he throws it 
a second time into a tub of fresh water to be scoured, 
and extended: for this purpose it is laid on a stone 
table, to which the flesh side adheres, and worked with 
the edge of a small square stone fixed in a stock or 
handle. Pumice stone is used, but not so much as 
formerly. With a brush the skin is cleansed from a 
whitish substance called the bloom, which all leather 
tanned with bark is found to contain. 'The natural folds 
of the grain disappear in the extension of the skin, and 
to effect this completely it is sometimes scoured a 
second time, for which the workman makes an extra 
charge. Changing the water has of itself a good ef- 
fect in recovering dead or stale leather, and the trifling 
additional expense is well laid out. The skin is then 
removed to the drying shed, to be stuffed with a mix- 
ture of cod oil and tallow called dubbing, which is 
applied to both sides of the leather, but in larger quan- 
tities on the flesh than the grain side. 

ITie dubbing is composed of about two parts oil and 
one part of tallow melted and well stirred together in 
cooling, so as to be perfectly incorporated in a smooth 
butter-like consistence. In conjunction with this mix- 
ture, sod oil, which is a mixture of the cod oil with 
the grease expressed from sheep skins, &c. by the 
skinners and feltmongers is sometimes used, but is 
never applied to bright coloured leather, and is much 
less used than in times past. Leather lightly stuffed, 
will not wear so well as when it is rendered soft and 
flexible with the oil and tallow ; and on the other band, 
if over stuffed, the colour of the grain is darkened, and 
the oil itself, which moderately used is so great a pre- 
servative, becomes a cause of decay. The only motive 
for using* more oil than adds to the quality of the 
leather is to increase the weight; but to admit of a 
good polish, less is usually applied than is really bene- 
ficial 
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ficial to the leather. The firmer and stronger parts of 
the skin require more than the looser parts to make 
them soft, which must be attended to in laying it on. 
In this state it is hung on the hooks to dry. In die 
coarse of diying most of die oily matter will be ab- 
sorbed; and what remains on the surface still feeds the 
leather; and is 'suffered to continue until the skin is 
wanted fbr finishing. Severe frosty weather will of 
course suspend the scouring, drying, and stuffing, and 
is apt to injure the texture of the leather when frozen 
in the sheds, at the same time it brightens the colour ; 
and the kinds of leather which are valuable on account 
of colour are consequently improved. The shed drying 
not being sufficient in winter, the leather is afterwards 
dried off in a stQve, and then follows the boarding or 
bruising. The board used for this purpose is toothed 
or grooved, similar to the crimping board used by the 
ladies, and is slung on the hand by a leather strap. The 
akin is doubled and worked with $ coarse board of this 
description until well softened, and is then whitened or 
lightly shaved over again with a half-worn pair of edges, 
which leaves the flesh side clean, and in a proper state 
to receive the colour used in waxing. Before it is 
waxed, however, it is boarded a second time, and the 
impression of the board often remains, particularly if 
die leather be uot perfectly diy. The skin is now said 
to be finished russet, in which state it keeps best ; and 
when wanted for sale it is again given out to be waxed. 
In London, this work is chiefly done by apprentices, 
being ttie most simple but the dirtiest part or the whole 
process. The blacking, usually termed colour, is a 
composition of oil, lamp-black and tallow, which is well 
rubbed into the flesh side with a hard brush, great care 
being taken to keep the grain side clean. A coat of 
strong size and tallow is then laid on with a soft brush, 
and is afterwards nibbed with a smoothing glass, and, 
lastly, it receives the finishing gloss from a little thin size 
kid on with a sponge. After the first coat of size the 
skin is hung up a few hours to allow the size and colour 
to dry and iucorporate, and a lump of hard tallow is 
rubbed lightly over the surface. The skin is thus com- 
pletely finished for the consumer, and leather so dressed 
is found superior in point of appearance and durability 
to any other method. Indeed, the blacking of the prime 
parts of calf leather on the grain, has almost entirely 
given way to waxing ; an additional reason for which 
may be that it is much better adapted for the polish if 
is, afterwards to receive from the destructive shining 
blacking now in general use. The middle and firmer 
part of the skin only is fit for the better purposes, the 
outer and thinner portion being thrown by and sold at 
inferior prices. These offal parts are frequently cut 
off before the skin is put into work, and dressed sepa- 
rately from the butt or middle, and when that is the 
case it is usually blackened on the grain side. Horse, 
seal, and dog skins are also blackened ou the grain, which 
varies the latter part of the process maternity. After 
shaving, the leather is well washed with urine as a 
mordant oh the scouring stone, to prepare it for the 


first application of a solution of copperas, which is 
given it in die course of scouring, and communicates 
die black dye. It is then stuffed in the manner before 
described, but more plentifully than waxed leather, and 
hung in the shed to dry ; when taken down, the remains 
of tne oity matter adhering to the surface of the leather 
is scraped off with a thin iron, formed and storked like 
the stone before mentioned, and which is afterwards 
made use of to stone or set the leather smooth on the 
table. Here it receives a second application of cop- 
peras and bullocks gall, which produces a complete 
black, and this part pf the process is called seasoning. 
The copperas is applied with caution, lest by a too 
plentiful use of it the leather be injured. It should 
scarcely penetrate the cuticle or grain of the skin, and 
if used too strong the grain is burnt up and destroyed. 
The use of copperas is at all times injurious as may be 
daily observed in the use of black harness leather for 
instance, which cracks and decays sooner than brown 
leather. While the leather is damp with this liquid, 
and in the course of seasoning, the graining board is 
applied as before ; only as the grain is now to be worn 
ontwards, the workman is more particular in giving that 
side a neat appearance by raising the grain neatly and 
regularly. Tne coarser kinds of grain leather are also 
at this time hardened with a tooth slicker called a dicing 
iron, which leaves a lasting impression, or an artificial 
grain is imprinted by means of an engraved Toiler to 
imitate seal skin, which is found to answer better than 
the board covered with fish skin formerly in use. This 
is not done so much with a view to increase its value by 
imitating a better description of leather, *s to harden 
and compress the looser parts of offal leather. It is 
now finished off with a little clear cod oil, and is termed 
grained offal. The thin parts of the horse hide are 
dressed in this manner, and are called cordovan, being 
probably an imitation of the manufacture of leather at 
Cordova in Spain. The Act of James, already referred 
to, prohibited the use of horse leather, clearly from 
ignorance in the legislators of that day, and the infant 
state of the manufactures of the country; horse leather 
having been found quite as useful as some other d&- 
; scriptions of leather, and little inferior to calf skin, and 
( is now in very general use. The middle and /stouter 
parts are cut out for boot legs ; and as leg dressing i* as 
curious (whether of calf or cordovan) as any part of the 
currying business, we shall be particular in describing 
the process. The piece intended for a leg being cut 
of a proper length, and tapering a little towards 
the small, is first soaked and scoured, having been al- 
ready shaved in the hide, it is then marked and num- 
bered to match its fellow, of a corresponding size 
substance. The breadth of the small is measured, and 
the number of inches marked with a piece of copperas 
I (which writes legibly on wet leather) as a guide for die 
! bootmaker in fitting it to the leg. It is then blackened, 
if cordovan, but instead of again extending iton the 
scouring stone, it is worked inwards with the slicker, 
and the width partially reduced in that part , which is 

to 
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„ . „ rfiL- UatlMir is then nbced on wet, end if not to- durable • as most other kinds of 

L°n£ SabJSS bSd between two curved mSs ap- leather, dog skins are tough, and good wear and from 
toT^micircle, the convex sides of which their neatness are generally used f Q r dress shoes ; they 
proachmg to ’ »*cede from each other, and are curried in the same manner as all other gram shoe 

are made to r*- leather; dreraed leather cannot be kept long without 
^Tfofthesmail oMbTkg. ^slicker is then injury, it always retains a degree of moisture, or if ever 
qmred for me lg-dier and contract it within so well dned, imbibes it from the atmosphere, and 

employed to -hich the breadth W reduced consequently after laying together will become spotted 

4e hunts of theframe^r ^® e 1 2SS^ lickened m withlildew; and if dressed with bad oil, it sticks 
from two to four inch , transferred to the together so firmly by means of a gummy substance, 

•'SET’.St. *7, S™. te O.OJ.V fa. b, dl fale fate, tel fa 

substance, me eg admit the foot, closes gnun is often destroyed in tearing it asunder. When 

and after b JotT STi. the case, the feather is in a perishing state,, and 

to the shape of the _ ^ the jafr^iuction of of little comparative value; but wax leather is far less 

“ uch . * S5T wlhT cut out of the finished skin, liable to this ropy from keeping, than when blackened 
Hessian boots* reffard to shape ; bat (bough ou the grain, the copperas adding to the effect, by its 

and stand hollo . Hr&ft leirs are not so -corroding properties. The fashionably white boot-top 

the other < still is an object of competition; 
much taken th ^ ethod tt nothing more the finest calf skins are selected for this purpose, and it 

way. The fr^ has esercised the ingenuity of most of the London cur- 

than as it regards tog ^ effects of riers, to discover the means of extracting the colour of 

auent exposure to wet wdl ^ the tan, and to suUtitute a clear white, or cream co- 
me cumer^ ingenuity. ^ ^ g^oe curry- lour, in its stead. An ingenious currier in the West of 

most profitable work to j and gener ally is F-ngl«nH was in possession of a superior method of 

mg ; It requires a 1oSe*J <k2Sg thri, and rea^T benefit of his chemicd know- 

guren to the man i n«t ^Jingu ^ "V % m (he fedg | exclusively for seme years, and though the means 

ablecumer, or 5, .. . ^ finished in the be used have long since been no secret, in the method of 

ahop. The leg ■ . rtuftd, dned, mOIMwam £ applying them many are still deficient; and we believe 

usual manner. Some few North America few have equalled, and none have excelled his rnarnir 

were exported ui large qu cumb* in facture. Sumack is a principal ingredient in thecom- 

but from recent lmproveme endreW^Sed ; position, and that alone in the best tannages is effectual, 
that part of the ^ orld > , f , J Qr bome ^ M 9U i table skins caunot be procured in sufficient 

*nd corddvan havmg S IT «“ wa * chiefiy for quantities, it is found necessary to resort to a prepara- 

consumption, fee horse b^e« n «wujed ch«*yJor J » ^ . also ^ *, the bleaching of linen. 

ladies' shoes Muriatic iid vitriolic acid are applied to extract acci- 

lately been dressed thinan smoo —^^durability, dental stains, and are sometimes added to the boot-top 
tate kid leather, for which, as far as respects durability, but have been found extremely pernicious 

it is a good substitute. . to the leader. Immersion in a warm decoction of su- 

Perbaps it is not generally k the hip mack, and the solution of tin, answers fully under pro- 

th?t part of the horse hide mM ^ management. The skir4 and flaps and hog skins, 

joints to the tail and is divided y and^the texture for the seats of saddles, a re now generally done in this 

2,7 t:rt r tf tyi -?? *•>, ^ 


totally aiuereuu n . , » • n 

called shell by the curriers, and has been used chiefly 
few thin soles and soldiers’ stocks. It had always been 
considered difficult to shave from its bnttleneM con- 
stantly breaking away under the knife; but latterly, by 
using the precaution of stuffing it previously, it has been 
■bared and used for the backs of hessian boots, for 
which it is well adapted as it bears an admirable polish. 
The boat's skin hss this peculiarity m a still greater 
degree as to substance, in that part which 'corersffie 
breast and shoulders ; it is called the boards shield, from 
fee means of defence it affords him. In the horse it is in- 

tefalbr »te 


lour, never before known. The top-skin trade has, 
however, suffered materially since the introduction of 
painted boot-tops, which have an imposing appearance 
when new, and may be cleaned by simple washing with 
soap and water; but the great disadvantage is, that 
friction soon destroys the varnish, and totally precludes 
their use for riding. There are several other articles in 
shoe currying, such as binding, welt leather, 8tc. &c. 
which it would, be trespassing too much on die reader s 
patience to describe minutely, and having already en- 
larged on the principal, we shall now pass on to the hide 
trade, which includes the dressing of ox and cow hides. 


known when at liberty to receive ui skin as was before observed, forms a distinct branch of the 

•ary on the part above mentioned. In the^sral.rtan ^ HanJ ^ s leather U dressed from the 

there is th* 8 remarkable p pe y, ^ ^ a gtrongest and heaviest dressing bides, and the substance 
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taken off; for reins, the butt is reduced to a level with 
the thinner parts, and for both these uses the hide is 
first divided, or slit down the back, from bead to tail, 
for the convenience of the workman ; and after being 
shaved and scoured, is blackened in the same manner as 
gram shoe leather. But before it is stuffed it is hung 
on the poles and semi-dried, and then stoned or set, in 
order to make the surface smooth, preparatory to re- 
ceiving the dubbing, which is now laid on in quantities, 
proportioned to the substance of the hide, which is then 
replaced on the poles until nearly dry. -The gram be- 
ing cleansed with the urine and ox galls, it receives the 
last application of copperas. A roll of hard tallow is 
then rubbed over the grain, wbich the man works into 
the leather with a stone, and after a second coat of tal- 
low it hangs up till completely dry ; it now only remains 
to be finished with a smoother stone, or a glass of the 
same form. Brown harness differs only in the omission 
of the copperas and the tallow in finishing, and, per- 
haps, is not quite so much stuffed m the first place. 

Japan hides, for the roofs and bodies of coaches, are 
shaved down to a thin substance, and carefully levelled, 
then stoned and set, and they are fit for the coach- 
maker's use; the japanning is the coachmaker’s pro- 
vince after the hide is fitted to the coach body. Hides 
for the heads of open carriages are selected from light, 
roomy, and the least defective hides, and require the 
best of workmanship ; they are blackened on the grain 
side, and the leather is softened, and the grain is raised 
in the samo manner as black grain shoe leather. These 
hides, for the thinner purposes, being so very much re- 
duced from their original substance, and the shavings of 
rto other use than for fuel, an engine was invented, and 
has been many years in use, for splitting the hide into 
two parts, so as to divide the substance, and thereby 
obtain a useful piece of leather, which would otherwise 
be wasted in shavings, which it does in a very expedi- 
tious manner ; the engine is in the hands of a person in 
London, who allows a small sum to the currier on each 
hide sent him to split, and reserves the flesh piece as his 
own remuneration. An ingenious attempt was made 
some years since to reduce the shavings to a pulp, and 
to reunite them so as to resemble pasteboard, by the same 
iheans as rags are converted into paper ; we believe the 
intention was to use it . for the covering of coaches, in- 
stead of the hide itself, but after repeated trials it was 
given up as a fruitless experiment. 

The thinnest of all the hide leather is that which is 
used for the lining of carriages, it is dressed bright rus- 
set, but the coloured goat skins, called Morocco leather, 
are more generally applied. r ITie seats of army saddles 
are cut out of thin hide leather, of this description, as 
being less expensive and quite as durable as hog skins, 
but the hunting saddles in general use are universally 
made of hog skins ,* the skirts and flaps are cut out to 
pattern, usually from the rough tanned hide, and go 
through the top skin process to improve the colour. 
Bridle leather is cut into pairs of butts and middlings, 
which signify the middle and butt of the hide ; the neck 


and belly parts being used for inferior purposes. The 
army consumes vast quantities of leather for harness, 
saddles, caps, and accoutrements, which all go through 
the curriers’ bands ; and the Government Contracts for 
accoutrements &c. are great objects of contention in 
that line of business. The belts and straps are cut *ouf 
of light cow hides, which are curried much after 
the manner the same kind of hides are done for strong 
shoe leather. Curried leather being strong in propor- 
tion to the substance, and more capable of resisting wet, 
is now preferred to losh or buff, for belts and straps, 
and the manufacture of buff is considerably diminished 
in consequence ; it would be useless, and almost end- 
less, to enumerate all the different purposes to which 
curried leather is applied; enough we trust has been 
said to make this branch of our manufactures intelli- 
gible, and we shall now advert to other mattery con- 
nected with the trade ; in the first place, the relations 
between master and man claim some attention. The 
frequent disagreements, and the inconveniences arising 
from them, have of late given importance to the sub- 
ject, and as every person connected with the leather 
trade, (particularly curriers) are more or less interested 
in it, the few observations we shall make will not be 
deemed irrelevant. 

The wages of a journeyman in the shoe or skin trade, 
are from thirty to forty-five shillings per week, accord- 
ing to his strength and ability, and in the hide trade it 
is not uncommon for* good workman to earn three 
pounds, this being heavier work. The men are paid 
by the job or piece, according to a printed list of prices 
agreed on between the masters and men in a committee, 
appointed by each of the parties, and the London list 
is a general guide for the country ; this list is subject to 
occasional variations, but when a general advance is re- 
quired by the men, it frequently if not always leads to 
disputes and sometimes to a general turn out , or refusal 
on the part of the men to work at the former prices. 
They usually take an opportunity of demanding an in- 
crease of wages, at a time when their employers have 
the greatest occasion for their services, and their de- 
mands are not always confined to the limits of equity. 
Ou the other band the masters are sometimes backward 
in attending to their reasonable claims or in offering such 
an advance as may be proper in the circumstances of 
the case, until the pertinacity and independent spirit of 
the journeymen, compel them to take their demands 
into consideration from a regard to their own interest ; 
the men have long since organized themselves into a 
friendly society, and raised a fund for the relief of their 
sick, and to support their travelling members while in 
search of work; this fund we believe is occasionally 
perverted, and enables them to contend with effect 
against their powerful opponents. Unanimity is how- 
ever seldom to be depended on in either party, and 
their disagreements are generally brought to a crisis by 
secessions from both sides. Unreasonable as the men 
sometimes are we cannot applaud the conduct of the 
masters, when they resort to prosecutions for combina- 
tions^ 
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tioaa, it m ungenerous to take an advantage which the 
law undoubtedly gives them of crushing and stifling the 
complaints of the men on whom they depend, and who 
are an acknowledged valuable and industrious part of 
the community. Every iqan has a natural and just right 
to set a price on the labour of his hands, “ his labour 
(says an able and celebrated writer) is his property 
and a meeting of working mechanics, for the purpose 
of ascertaining and fixing its relative value is fully as 
justifiable in a moral view, as a meeting of merchants 
and tradesmen, to regulate and resolve on the prices 
they choose to compel the public to pay for their wares, 
which are the produce of labour, and is perhaps less a 
matter of real concern to the public or die legislature. 
It may be difficult to point out a distinction between the 
two cases of conspiracy, and we are in short of opinion 
that the market for labour as well as the produce of 
labour should be free, and doubt whether the policy 
which would go to deprive the working classes of this 
privilege, can be defended on any- fair and equitable 
principle. From recent observation, and the consider- 
ation we have given to the subject, we are convinced 
that ail die contentions between the men and their em- 
ployers may be traced to the existing apprentice laws, 
which are the grand source of the evil. All those who have 
not served seven years are excluded thereby from getting 
tbeir bread in the way and at the trade, that may 
be most congenial to their more mature inclinations, 
and also prevent the master from employing such per- 
sons, as may in his judgment best suit his purpose, and 
providing substitutes in case he should be deserted by 
his men. These laws consign young persons to a seven 
years’ bondage indiscriminately, whether the particular 
trade to be learned may really require seven years or a 
seventh part of that time, and without regard to the 
age, abilities, or conduct of the lad; and this, as it 


should seem, for the purpose of giving the master the 
profits of his laborious industry. At the same time 
they place in the hands of the journeyman a monopoly, 
to which they have no just pretensions, to the invidious 
exclusion of a considerable portion of the industrious 
classes, from the more profitable application of their 
labour and talents. The laws against combinations and 
conspiracies are intended a9 a check, but are totally in- 
adequate to counteract the result of so improvident an 
enactment, as recent circumstances have evinced, and 
it may be reasonably hoped, that the subject will not 
long escape the notice of the public. 

Since writing the foregoing an additional duty has 
been laid on leather, of three halfpence per pound. On 
the policy of this tax we shall not now offer any re- 
marks, having already trespassed on our limits, and shall 
only observe generally, that scarcely any town, however 
small, but has its currier, and leather curried in the 
country is mostly vended in the neighbourhood in small 
quantities to the consumers ; but a sufficient proportion 
is sent for sale to London, to engage the attention of 
several respectable factors, and one house in particular 
makes the sale of dressed goods its chief concern. The 
t currier derives his name from the word Coriarius, * 
worker in leather, and for the antiquity of the trade (al- 
though not the modern art of currying), the reader may 
be referred to the 17th book of the Iliad, line 450. 

“ As when a slaughter’d Bull’s yet reeking hide 
“ Strain’d with full force and tugg’d from side to side, 

“ The brawny Curriers stretch, and labour o’er 
“ The extended surface, drunk with fat and gore, 

“ So tugging, &c. 

The curriers have been an incorporated body ever 
since the reign of James I. 
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The manufacture of edged took is one of the first 
among men in every state of society. Workmen in 
general are aware of the necessity that the instruments 
Qf their respective trades should be made to possess the 
qualities adapted to the operations by which they gain 
their subsistence : and, among the various subdivisions 
of labour, there is no material upon which 'the skill of 
mechanics is more exercised than steel. The makers 

files, of chisels, of planes, and saws, and the infinite 
variety of knives, all occupy departments separate from 
each other, and possess their respective degrees of cele- 
brity, which are grounded on their knowledge of the 
peculiar kinds of steel, as well as the methods of work- 
ing them, which are best adapted to the intended ope- 
rations. Many of these methods are kept secret ; but 
there are some manufacturers who have no reserve with 
regard to the manipulations of their art, and have the 
spirit to assert their claims to public encouragement 
upon the fair ground of the address and integrity with 
which they conduct their labours. This article, will be 
much indebted to the communications of Mr. Stodart, 
inserted in some of our periodical publications, and to 
a very able article on the subject in the New Cyclo- 
pedia. 

Though cutlery, in the general sense, comprises^ 
those articles denominated edge-tools, it is more parti- 
cularly confined to the manufacture of knives, forks, 
sdssars, pen-knives, razors, and swords. Damascus 
was anciently famed for its razors and swords. The 
latter are said to possess the advantages of flexibility, 
elasticity and hardness. Those articles of cutlery which 
do not require a fine polish, and are of low price, are 
made from blistered steel (which see). Those articles 
which Require the edge to possess great tenacity, and 
at the same time superior hardness is not required, are 
made from sheer steel. The finer kinds of cutlery are 
made from steel which has been in a state of ftunon, 
and which is termed cast-steel, no other kinds being 
susceptible of a fine polish. Table knives are mostly 
made of sheer-steel, the tang and shoulder being of 
iron, the blade being attached by giving them a welding 
heat. The knives after forging are hardened by beating 
them red hot, and plunging them into water ; they are 
afterwards heated over the fire till they become blue and 
then ground. The handles of table-knives are made of 
ivory, horn, bone, stag-born, and wood, into which the 
blades are cemented with resin and pulverized brick. 
Forks are made almost altogether, by the aid of the 
•tamp and appropriate dies. The prongs only are har- 


dened and tempered. Razors are made of castrated, 
the edge of a razor requiring the combined advantages 
of great hardness and tenacity. After the razor blade 
is forged, it is hardened by gradually heating it to a 
bright red heat and plunging it into cold water. It is 
tempered by heating it afterwards tall a brightened pert 
appears of a straw colour. It would be more equally 
effected by sand, or what is still better in hot oil, or 
fusible mixture, consisting of eight parts of bismuth} 
five of lead, and three of tin; a thermometer beiig 
placed in the liquid at die das# the razeraoce immersed, 
for the purpose of indicating the proper temperature, 
which is about 500 of Fahrenheit; After the nsor has 
been ground into its proper shape, it is finished by 
polishing. The glazor is formed of wood, faced with 
an alloy of lead and tin ; after its face is turned to the 
proper form and size it is filled with notehes which am 
filled up with emery and tallow. This instrument gives 
the razor a smooth and uniform surface and a fine edge. 
The polisher consists of a piece of circular wood run- 
ning upon an axis, like diat of the stone or the glaaor. 
It is coated with leather, haring its surface covered with 
crocus martis. The handles of high priced razors aw 
made of ivoiy and tortoise shell, but in general they are 
of polished horn, which are preferred as well on ac- 
count of their cheapness as their dumbtiity. The bom 
is cut into pieces and placed between two dies, having 
a recess of die shape of the handle. By this process 
the horn admits of a considerable extension ; if the bora 
is not previously black, the handles are dyed black by 
means of logwood and green vitriol. The clear bora 
handles are sometimes stained so as to imitate the tor- 
toise-shell: this is effected by laying upon the handle a 
composition of three parts of potash, one of minium, 
ten of quick-lime, and as much water as will make the 
whole into a pulpy mass. Those parts of the handle 
requiring darker shades, are covered thicker than the 
other. After this substance is laid upon the handles, 
they are placed before the fire the time requisite for 
giving the proper effect. The manufacture of pen- 
knives is divided into three departments ; the first is the 
forging of the blades, the spring, and the iron scales ; 
the second, the grinding and polishing of the blades ; 
and the third, the handling, which consists in fitting up 
all the parts, and finishing the knife. The blades are 
made of the best cast steel, and hardened and tempered 
to about the same degree with that of razors. In grind- 
ing they are made a little more concave on one side than 
the other, in other respects they are treated iu a similar 

way 
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way to razors; The handles are cohered with horn, mercury instead of water, hut it may be remarked, that 
ivory, and sometimes wood ; but the most durable are questions respecting the fluid are, properly speaking, 
those of stag-born. The general fault iq pen-knives is applicable only to files, gravers, and such tools as are 
that of being too soft The temper ought tp be not intended to be left at the extreme of hardness* Yet 
higher than a straw colour, as it seldom happens that though Mr. Stodart does not seem to attach much v*~ 
a pen-knife is so hard as to snap on the edge. The lue to peculiarities in the process of hardening! he met** 
beauty and elegance of polished steel is not delayed to tions it as the observation and practice of one of hia 
more advantage than in the manufacture of the finer workmen, that the charcoal fire should he made qp 
kinds of scissars. The steel employed for the more with shavings of leather: and upon being asked whet 
valuable scissars should be cast steel of the choicest good he supposed the leather could dp, this workmen 
qualities ; it must possess hardness and uniformity of replied, that he could take upon him to say, that 
texture for the sake of assuming a fine polish, great te- he never had a razor, crack in the hardening since 
Decity when hot for the purpose of forming die bow or be had used this method, though it was a very common 
riqg of the scissar, which requires to be extended from accident before. It appears from the consideration of 
a solid piece having a hole previously punched through other facts, that this process is likely to prove advanr 
it It ought also to he very tenacious when cold, to al- tageous. When brittle substances crack m cooling, it 
low that delicacy of form observed in those scissars always happens from the outside contracting and be* 
termed ladies’ scissars. After the scissars are forged coming too small to contain the interior parts. But it 
as near to the same size as the eye of the workman can is known, that hard steel occupies more space than wbqtt 
ascertain, they are paired. The bows and some other soft, and it may easily be inferred, that the nearer the 
parts are filed to their intended form : the blades are steel approaches to the state of iron the less will he this 
also roughly ground, and the two sides properly ad- increase of dimensions. If, then, we suppose a razor, 
justed to each other, after being bound together with or any other piece of steel, to be heated in an op m 
wire and hardened up to the bows. They are after- fire with a current of air passing through it, tbq extar- 
ward* heated fill they become of a purple colour, nal part will, by the loss of carbon become less steely 
which indicates their proper temper. Alpipst all the than before ; and when the whole piece comes to be 
remaining part of the work is performed at the grinding hardened, the inside will be too large for the external 
mill, with tne stone, the lap, the polisher, and the part, which will probably crack. But if the piece of 

brush: the latter i# used to polish those parts which have steel be wrapped up in the cementing mixture, or if the 

been filed, and whi^h the lap and the polisher cannot fire itself contain animal coal, and is put together so as 
touch. Previously to screwing the scissars together for to operate in the manner of that mixture, the external 
die last time, they are rubbed pver with the powder of part, instead pf being degraded by this beat, will he 
quick lime, and afterwards wiped clean with a <drin of more carbonated than the interna) part, in consequence 
soft sheep leather; The quick-lime absorbs the mob- of which it will be so far from splitting or bursting 

turn from the surface, which the rusting of steel is during its cooling, that it will be acted upon in a cou- 

justlj attributed. Scissars are sometimes beautifully traiy direction, tending to render it more dense and 
ornamented by blueing and folding, and also with studs solid. One of the greatest difficulties in hardening steal 
of gold or polished steel. The very large scissars are works of any considerable extent, more especially such 
partly of iron and partly of steel, the shank* aqd bows arficlps as are formed of thin plates, or have a variety of 
being of the former. These, as web as those all of parts of different sires, consists in the apparent iraprac- 
steel, which are not hardened all over, capaot be po- ticability of heating the thicker parts before the slighter 
fished : an inferior sort of lustre, however, is given to are burned away; besides which, even for a piece of 
them by means of a burnish of hardened polished steel, uniform figure, it is no easy matter to make up a fire 
which is very easily distinguished from the real polish by which shall give a speedy heat and he nearly of the 
the irregularity of the surface. Slaving entered into same intensity throughout. “ This difficulty,” says Mr. 
these particulars relating to the manufacture of the Nicholson, “ formed a very considerable impediment to 
usual articles found iq cutlers’ shops, we shall speak of my success in a course of delicate steel work, in which 
some of the more general principles that are applicable I was engaged about seven years ago ; but after various 
tp the finer articles of cutlery. unsuccessful experiments, I succeeded in removing it fipt 

Cutlers do not use any coating to their work at the the use of a bath of melted lead, which for very jusfir 

hardening heat as the file cutters do;. and indeed it fiable reasons has been kept a secret till now* Pure 

seems evidently unnecessary when the .article is intended lead, that is to say, lead containing little or^no tin, is 
to be tempered and ground. The best rule is to harden as ignited to a moderate redness and then well, stirred* 
little as possible above the state intended to be produced Into this the piece is plugged for a few seconds ; that 
by tempering. Work which has been overheated has a is to say, until when brought near the surface that part 

crumbly edge, and will not afford the wire hereafter to does not appear less luminous than the rest. The piece 

be described. The proper beat is. a cherry red visible is then speedily stirred about in the bath, suddenly 
by day-light. No advantage is obtained from the use drawn out and plunged into a large mate of water. Ja 
of salt in the water, or cooling that fluid, or from using this manner a plate of steel iqay be hardened so as to 
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be perfectly brittle, and yet continue so sound as to ! 
ring like a bell ; an effect which I never could produce 
in any other way. Mr. Stodart has lately made trial of 
ibis method, and considers it to be a great acquisition : 
to the art, as in fact I found it.” . The letting down, or 
tempering of hard steel, is considered as absolutely ne- j 
cessary for the production of a fine and durable edge. ' 
It has been usual to do this by heating the hardened , 
steel till its bright surface exhibits some known colour , 
by oxidation. The first is a very faint straw colour, j 
becoming deeper and deeper by increase of heat to a 
fine deep golden yellow, which changes irregularly to a 
purple, then to an uniform blue, Succeeded by white ; 
and several successive faint repetitions of these series. | 
It is well known, that the hardest state of tempered i 
instruments, such as razors and surgeons’ instruments, j 
is indicated by this straw colour; that a deeper colour 
is required for leather-cutters’ knives and other tools 
that require the edge to be turned on one side ; that 
the blue which indicates a good temper for springs is 
almost too soft for any cutting instrument, except saws ! 
and such tools as are sharpened with a file, and that the j 
lower states of hardness are not at all adapted to this ; 
use. But it is of considerable importance that the let- I 
ting down or tempering, as well as the hardening, | 
shotild be effected by heat equally apphed, and that the , 
temperatures, especially at the lower heats, where 
greater hardness is to be left, should be more precisely 
ascertained than can be done by the different shades of 
oxidation. Mr. Hartley first practised the method of 
immersing hard steel in heated oil, or the fusible com- 
pound of lead five parts, tin three, and bismuth eight. 
The temperature of either of these fluids may be as- 
certained in the usual manner, when it does not exceed 
die point at which mercury boils : and by this contri- I 
vance the same advantages are obtained in lowering the I 
temperature of an whole instrument, or any number of 
them at once, as have already been stated in favour of 
my method of hardening. Oil is preferable to the 
fusible mixture for several reasons. It is cheaper; 
it admits of the work being seen during the immer- 
sion by reason of its transparency ; and there is no 
occasion for any contrivance to prevent the work from 
floating. 

Mr. Nicholson requested Mr. Stodart to favour him 
with an account of the temperatures at which the seve- 
ral colours make their appearance upon hardened steel ; 
in compliance with which he made a series of experi- 
ments upon surgeons’ needles hardened, highly polished, 
and exposed to a gradual heat while floating at the sur- 
face of the fusible mixture. The appearances are as 
follow : “ No. 1 . taken out at 430° of Fahrenheit. This 
temperature leaves the steel in the most excellent state 
for razors and scalpels. The tarnish, or faint yellowish 
tinge it produces is too evanescent to be observed with- 
out comparison with another piece of polished steel. 
Instruments in this state retain their edge much longer 
than those upon which the actual straw colour has been 
brought, as is the common practice. Mr. S. informs 


me (says Mr. Nicholson) that 430* is the lowest tem- 
perature for letting down, and that the lower degrees 
will not afford a firm edge. No. 9, at 440°, and 3 at 
450°. These needles differ so Httle iu their appearance 
from No, 1, that it is not easy to arrange them with 
certainty when misplaced. No. 4 has the evident tiiqge 
which workmen call pale straw colour. It was taken 
out at 460°, and has tbe usual temper of pen-knives, 
razors, and other fine edge tools. It is much softer 
than No. 1, as Mr. Stodart assures me, and this differ- 
ence exhibits a valuable proof of the advantages of this 
method of tempering. Nos. 9, f>, 7 and 8, exhibit 
successive deeper shades of colour, having been respec- 
tively taken out at the temperatures 470°, 480/*, 490°, 
and 500°. The last is of a bright brownish metallic 
yellow, very slightly inclining to purple. No. 9 ob- 
tained an uniform deep blue at the temperature of 580*. 
The intermediate shades produced on steel by beats 
between 500° and 580° are yellow, brown, red, and 
purple, which are exhibited irregularly on different parts 
of the surface. As I had before seen this irregularity, 
particularly on the surface of a razor of Wootz, and 
had fouud in my own experience, that the colours on 
different kinds of steel do not correspond with like degrees 
of temper, and probably of temperature hn their pro- 
duction, I was desirous that some experiments might be 
made upon it by the same skilful artist. Four beauti- 
fully polished blades were therefore exposed to heat on 
the fusible metal. The first was taken up when it had 
acquired the fine yellow, or uniform deep straw colour. 
The second remained on the mixture till the part 
nearest the stem had become purplish, at which period 
a number of small round spots of a purplish colour 
appeared in the clear yellow of the blade. The third 
was left till die thicker parts of the Hade were of a 
deep ruddy purple, but the concave face still continued 
yellow. This also acquired spots like the other, and a 
slight cloudiness. These three blades were of cast 
steel ; the fourth, w hich was made out of a piece 
called styrian steel, was left upon the mixture till the 
red tinge had pervaded almost the whole of its concave 
face. Two or three spots appeared upon this blade, 
but the greater part of its surface was variegated with 
blue clouds, disposed in such a manner as to produce 
those waving lines which in Damascus steel are called 
the water. Two results are more immediately sug- 
gested by these facts ; first, that the irregular produc- 
tion of a deep colour upon the surface of bright- 
ened steel, may serve to indicate the want of uniformity 
in its composition ; and secondly, that the deep colour 
being observed to come on first at the thickest parts, 
Mr. Stodart was disposed to think, that its more speedy 
appearance was owing to those parts not having been 
hardened. Suppose our cutting instrument to be 
forged, hardened, and let down or tempered. It re- 
mains to be ground, polished, and set. The grinding 
of fine cutlery is performed upon a grind-sftme of a 
fine close grit, called a Bilson grind-stone, and sold at 
the tot>l shops in London at a moderate price. The 
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coders use water, and do not seem to know any thing 
of the method by tallow. The face of the work is 
rendered finer by subsequent grinding upon mahogany 
cylinders, with emery of different fineness, or upon 
cylinders faced with hard pewter, called laps, which are 

E ferable to those with a wooden face. The last po- 
is given upon a cylinder faced with buff leather, to 
which croeus, or die red oxide of iron is applied with 
water. This last operation is attended' with consider- 
able danger of beating the Work, and almost instantly 
reducing its temper along the thin edge, which at the 
same time acquires the colours of oxidation. The Ki- 
ting now remains to be performed, which is a work of 
much delicacy and skill : so much so, indeed, that Mr. 
Stbdart says, he cannot produce the most exquisite and 
perfect edge if interrupted by conversation, or even by 
noises in the street. The tool is first whetted upon a 
hoine with oil, by rubbing it backwards and forwards. 
In alt the processes of grinding or wearing down the 
edge, bat more especially in the setting, the artist ap- 
pears to prefer that stroke which leads die edge accord- 
ing to the action of cutting, instead of making the back 
run first along the stone. This proceeding is very 
judicious ; for if there be any lump or particle of stoue 
or other substance lying upon the face of the grinder, 
and the back of the tool be first run over it, it will 
proceed beneath the edge and lift it up, at the same 
time producing a notch. But on the other hand, if 
the edge be made to move foremost and meet such 
particle, it will slide beneath it and suffer no injuiy. 
Another condition in whetting is, that the. hand should 
not bear heavy ; because it is evident* that the same 
stone must produce a more uniform edge if the steel be 
wore away by many, than by few strokes. It is also 
of essential importance that the hone itself should be of 
a fine texture, or that its silidous particles should be. 
very minute. 

The grind-stone leaves a ragged edge, which it is 
the first effect of whetting to reduce so thin that it may 
be bended backwards and forwards. This flexible part 
is called the wire, and if the whetting were to be conti- 
nued too long it would break off in pieces without 
regularity, leaving a finer though still very imperfect 
edge, and tending to produce accident while lying on 
the face of the stone. The wire is taken off by raising 
the face of the knife to an angle of about 50 degrees 
with the surface of the stone, and giving a light stroke 
edge foremost alternately towards each end of the 
stone. These strokes produce an edge, the faces of 
which are inclined to each other in an angle of about 
100 degrees, and to which the wire is so slightly ad- 
herent that it may often be taken away entire, and is 
easily removed by lightly drawing the edge along the 
finger nail. The edge thus cleared, is generally! very 
even : but it is too thick, and must again be reduced by 
whetting. A finer wire is by this means produced, 
which will require to be again taken off, if > for 
want of judgment or delicacy of hand, the artist shfuld 
have carried it too far. But we will suppose the ob- 


tuse edge to be very even, and the second wire to be 
scarcely perceptible. In this case the last edge will be ' 
very acute, but neither -so even nor so strong as to be’ ' 
durably useful. The finish is given by two or more 
alternate light strokes with the edge slanting foremost, 
and the blade of the knife raised, so that its plane forms' 
an angle of about 28 degrees with the face of the stone. • 
This is the angle which by careful observation and 
measurement, I find Mr. Stodart habitually uses for 
the finest surgeons’ instruments, and which he consi- 
der* as the best for razors, and other keen cutting tools. 1 
The angle of edge is therefore about 56 degrees# The’ 
excellence and uniformity of a fine edge may be ascer- 
tained, by its mode of operation when lightly drawn? 
along the surface of the skid, or leather, or any orga- 
nized soft substance: Lancets are tried by suffering the 
point to drop gently through a piece of thin soft leather. 

If the edge be exquisite, it will not only pass with fa- 
cility, but there will not be the least noise produced, 
any more than if it had dropped into water. This kind 
of edge cannot be produced, but by performing the last 
two or more strokes on the green hone. The opera- 
tion of strapping is similar to that of grinding or whet- 
ting, and is performed by means of the angular particle 
of fine crocus, or other material bedded in the face of 
the strap. It requires, less skill than the operation of 
setting, and is very apt, from the elasticity of the strap, 
to enlarge the angle of the edge or round it too much. 

We shall now, as a conclusion to the article, give 
an account of a patent granted to Mr. Arnold Wilde of 
Sheffield, for making all kinds of plane-irons, scythes, 
sickles, drawing-knives, and other edge-tools from a 
preparation of cast steel and iron united and incorpo- 
rated by means of fire. This invention is thus de- 
scribed, “ Take a mould of cast iron, or other fit ma- 
terial, of a dimension that will best suit the size of the 
article intended to be manufactured ; then take a piece 
of wrought iron and prepare it by heating in the fire 
and hammering it, or in any other manner, to the size 
you want ; then fix the iron in the mould, leaving a suf- 
ficient vacancy to receive the cast steel in a fluid state. 

In such a direction as that, when the cast steel is 
poured into the mould, the iron may be either in the 
middle or the centre of the cast steel, or 'on one or both 
sides of the cast steel, or in such other direction as may 
best suit the purpose for which the iron and cast steef 
when incorporated shall be wanted. Then put the 
crucible or pot into the furnace or fire till the steel 
becomes' liquid. When you suppose the steel to be 
nearly in a fluid state, take your piece of iron which yon ; 
intend to incorporate with the cast steel, ptot k into the 
fire and heat it |o what is usually called a welding heat ; 
then take the iron out of the fire, clear it from any scale' 
of dirt, and fix it in the mould in the like drrectiop* 
you had before fitted it ; take care that your steel be 
now in a fluid state, and immediately on your taking 
the irort out of the fire, take the crucible or pot c*>n~ 
taining the melted steel from the furnace or fire, and* 
immediately after die iron thus heated shall be fitted in 
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foe mould poor m tv* the Arid steel into foe spare mr I 
vacancy left in the mould to receive (he mm*, which 
wW incorporate with the iron, and become one solid 
mam or body of cast steel and iaoa united. To make 
ail sorts of plane irons, scythes, sickles, drawiag kmves, 
bay knives, and all other kinds of edge tools of cast ima 
and steel, united sa herein before mentioned, forge, 
roll, abt, or tilt in such a way as is proper for any or 
either of theasddes ietended to be manufactured) then 
the article may be made in the usual manner, or by 
uch other mode as a workman may judge most con- 

To harden Sword-bladet.y^Sword-bUtdet are to be 
asade tough, so as not to snap or bank in pushing 
against any thing capable of resistance ; they must also 
be of a keen edge, for which purpose they must all 
along the middle be hardened wrfo oil and butter, to 
make them totqd>, and the edges with snob things as 
shall he prescribed hereafter far hardening edged in- 
struments. This work requ ires aot a little care in the 
practice. 


Horn to imitate tie Damatcan Ji/adas^— -This may 
he dons to such perfection that they cannot be dia- 
riagnished from the real Bamasean blades. First po- 
lish your blade in the best manner, and finish it by rob- 
bing with flour of chalk ; then take chalk mixed with 
water, and rub it with year finger weft together on 
your hand; with this touch tbs polished blade, and 
make spots at pleasure, and set them to dry before the 
sun, or a fire.; then take water in which tartar has been 
dissolved, and wet your blade sU over therewith, and 
those places that are left dear from chalk will cbm^e 
to a mack colour ; a little after, wash ail off with dew 
water, and the places ahem the chalk has been will be 
bright. 

How the Damatcan Blades are hardened.— Hm 
Turks take fresh goat’s blood, and after they have made 
their blades rod hot, they quench them therein ; tins 
they repeat nine times running, which, it is srid, 
makes their blades so herd as to oat iron. 


DISTILLATION. Sea Recti wcati on, m which article dm processes of hath operations w® be 
given. 


DYEING. 


The origin qf the art of dyeing is involved in the 
same kind of obscurity which pervades the history of all 
those arty connected with the common wants rod ne- 
cessities of life. “ They have,” says a good writes, 
originated in times beyond the reach of history, or 
tradition, and are the offspring of the natural faculties 
of map directed by the great primeval wants of food, 
shelter and raiment. The art of dyeing is of course 
posterior to many of these, and is founded less on die 
necessities than on die passions of mankind.” A love 
of distinction is common to man in every stage of cm-, 
lization, but that passion for admiration whirth is dis- 
played in a love of ornament is peculiar to him in bit 
most uncultivated state. Hence savage nations delight 
in brilliant and gaudy colours, and many paint their 
skins of various bugs. Accident probably fornisked a 


mnhitqde of instances of observation which enabled foe 
rudest people to imitate the colours of birds and beasts. 
The bruising of a frail, a flower, or leaf, jg one of the 
mote natural and obvious occurrences to which we should 
^ or notion of applying vegetable juices to 

dyeing, and the knowledge of tmgent properties of va- 
rious herbs was thus early acquired. Nevertheless tbe 
art must have waited the progress of industry and luxury 
before it became extended and improved. It probably 
made considerable progress, antecedent to die period in 
which regular history begins. Moses speaks of stuffs 
dyed blue, and purple, and scarlet, and of sheep-skins 
dyed rod. 

These colours, if they answered the names now made 
u«e of, in any tolerable degree, required much skid in 
the preparation, and foe knowledge of them implies a 
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very advanced state of the art at that period. We shall 
mention but a single fact, toshew in what way the know- 
ledge of colours was first discovered. The colour which 
appears to have been earliest brought to perfection, and 
which was held in the highest estimation^ was purple. 
It was to chance alone, according to the tradition of an- 
tiquity, that this was discovered. A dog, instigated by 
hunger, having broken a shell on the , sea-shore, his 
mouth became stained with such a colour as excited the 
admiration of all who saw it. They applied it to stuffs, 
and succeeded. The testimony of Homer confirms the 
antiquity of this discovery 5 and this poet ascribes to the 
heroes of that age, in which it became known, orna- 
ments and clothes of purple. The Tynans succeeded 
best in dyeing stuffs of purple. They, k should seem, 
used nothing to make their colour but purple shells taken 
out of the sea. They (hade a bath of the liquor which 
they extracted from these fishes, in this they steeped 
their wool a certain time, and afterwards took it out, 
and steeped it in another boiler, in which was the buc- 
cina or trumpet fish. This is all that the ancients tell 
us of the practice of the Tyrians, and we learn that wool, 
which had received this double Tyrian dye, was so cost- 
ly, that in the reign of Augustus, each pound sold for 
3,000 Roman deaarii, or about sterling. It is 

farther added, that this excessive great price ought not 
to Apprise os, when the tedious nature of the process » 
considered, and the small quantity of dye afforded by 
the shell-fish, from each of which not more than a sin- 
gle drop was obtained. For 50 lb«. of wool they used 
no less than SOOibs. of the liquor of the buccinum, and 
lOQlbs. of that of die purpura. .The art of dyeing 
among the Greeks appears to have made no great pro- 
gress ; the dross of the people was of cloth that had re- 
ceived no dye, and whiidi might be washed. The rich 
preferred coloured clothes : they esteemed such as were 
dyed scarlet with the kermes, but they valued still more 
highly those of purple. Among the Greeks, indeed, the 
useful arts were degraded, even in the estimation of phi- 
losophers, and this contempt descended to the Romans. 
The use of Vegetable dyes appears to have been in a 
great measure unknown to these people, though, the in- 
habitants* of Gael, according to Pliny, imitated all co- 
lours, even the Tyrian purple, and the scarlet, with the 
juice of herbs. According to this historian, they stained 
white cloths with certain drugs, which have the proper- 
ty of absorbing them, but which exhibited do appear- 
ance of any dye till they have, been boiled in a Cauldron, 
from which they are withdrawn painted or stained with 
various colours. What is most extraordinary, says Pli- 
ny, is, that the cauldron containing only colour of one 
hue, should impart to the cloth shades of various kinds, 
according to the nature of the drugs which were laid on, 
and the colours are so fixed that they can never be 
washed out. 

These observations will give the reader some idea of 
the ancient methods of dyeing ; it would not comport 
with the limits of our work to trace the history to the 
present period : much less to enter into* the various the- 


ones advanced on the subject. The first ex^Iaddfiort 
offered of the theory of dyeing was purely mechanical. 
According to Hellot, the saline vubstsrri&s employed it£ 
dy*uig serve to open and enlarge the pores of the fibres 
to be dyed; the colouring matter is theh deposited in 
these pores, after which the natural elasticity of the fibre 
resuming, shuts ifttte particles of colouring matter, and 
the salts sobdifying over them, serve as a kind of cement 
to keep them in their place. Many insuperable object 
turns' have been brought against this and sipiilar theories 
of dyeing: it is particularly incompetent to explain the 
great difference between animal and vegetable matter in 
absorbing and retaining colour, and the use of mordant* 
as a bond of union between the colour and the fibre to 
be dyed. Chemical affinity, which will be explained id 
its piece, is probably the great agent m the operations 
of clyeing ; almost every fact and experiment go to prove 
the truth of this opinion, which was first adopted by 
Bergman. A detailed account of all the processes, 
would fill a larger volume than that which we now offer 
to the public ; all, therefore, that we can do, is to give 
a brief view of the leading facts and operations, and re- 
fer the reader to a few of the most satisfactory document* 
in our own and the French language, particularly to 
Bertholet’s Elements of Dyeing. 

Dyeing is the art of communicating a permanent co± 
lour to any substance, but is generally employed in a 
more limited sense, and is applied to the art of giving 
colours to Wool, silk, cotton, or flax, ot to thread of 
cloth fabricated of these substances. 

The C&lonfing Principle is the property which 
substance* possess of uniformly reflecting one or more 
rays Of light from coloured bodies. These coloured bo- 
dies transferred to a White body, to which they impart 
their proper colour, form, in this way, colouring prin- 
ciples. Colouring bodies transferred to bodies al- 
ready coloured, confound or mingle their colours with 
that of these seme bodies, and hence is produced a mixt 
colour. The aptitude, 0/ faculty of reflecting particular 
rays, is of little consequence. There are some bodies 
which display different colours according to the angle 
| under which they are seen ; while there are others, the 
mere pulverization of which changes the colour, without 
altering their nature. 

Nothing more is necessary to enable us to form a 
judgment as to the facility with Which the dispositions of 
bodies become changed in their property, of reflecting 
different colours,' than to cast a cursory glance on the 
phenomena attendant on the oxydation of metals. Thus 
we behold successively appearing in them, blue, yellow, 
red, and black, from almost imperceptible differences in 
the proportion of the oxygen with the metal. The same 
phenomena are still more observable in vegetable and 
animal bodies, the colours of which appear or disappear 
according as the light acts upon them. 

The colouring principle must not, therefore, be re- 
garded as a particular colour, existing separately and 
distinctly from the coloured body. It is merely a facul- 
ty which the constituent parts of bodies possess, of re- 
S Y fleeting 
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fleeting particular rays of light decomposed at their sur- 
faces. This faculty may be variously modified by 
Changes produced in the arrangement of the molecules, 
by the proportions between the constituent principles, 
fcc. We cannot foretel what may be the colour of a 
compound body, from the nature ofthe principles which 
compose it, when not previously ascertained by experi- 
ment. Frequently two colourless bodies farm a coloured 
compound, as may be observed in metallic oxyds, of 
which the metal and oxygen are without ctdour. Hence 
it appears, that we can only ascertain, by a series of 
well-conducted experiments, what colours may be pro- 
duced by the combinations of different bodies. 

The colouring principles being as numerous as the 
coloured bodies, we may readily perceive how limited 
must be the conception of those chemists who see no- 
thing but extracts or resins in colouring substances. The 
c.olouriug principles are, every where, either simple or 
^Compound. They are regarded as simple, when die co- 
lour cannot be decomposed; such as blue, yellow, red, 
to which we may add the green and black furnished by 
vegetables. They are regarded as compound, when the 
colour results from the combination of several simple or 
primitive colours ; such as violet, common green, &c. 

It seldom happens that the simple colours, which by j 
tbeir r combination form a compound colour, possess the 
same fixity, and are acted on m a similar manner by re- 
agents; hence we are able to decompose! a compound 
colour, and extract from it. the elements separately. 
Hence may be explained, why a green colour becomes, 
in time, blue or yellow, according as these two prin- 
ciples possess more or less fixity. By changing the pro- 
portions of the elementary colours, a variety of different 
shades may be obtained, and in this way, by varying the 
mixture of green and blue, all the different shades from 
the lilac, to a very deep violet green, and nearly black, 
are produced. The colours of bodies often proceed 
merely from very slight modifications, produced by the 
action of light on their surfaces, as may be seen iu the 
colours of fruits, flowers, and insects. 

Sometimes the colour of bodies appears to be more 
deeply seated, as in substances, which are always of an 
uniform cplour, when sheltered frpm the influence of 
air and light Roots furnish us with examples of this 
kind. In general, the colour of bodies, when produced 
by the effects of light, is fugaceous, while that of sub- 
stances protected from its influence is fixed and suscep- 
tible of forxping good colours. It may be considered 
as an established principle that colour is so much more 
durable as the recipient resists more powerfully the in- 
fluence of air, heat, and water. Hence it is, that re- 
sins, fecula, and metallic oxyds retain their colours 
better than mucous and extractive matters, &c. It 
must not however be inferred from this principle, that 
a good and permanent colour may not be obtained by 
employing certain mucous, or extractive matters; but 
then it is necessary to furnish it with a new base, so as 
to change the nature of the body, and consequently its 
affinities. Hence we are led to conclude, that the 


fixity of a colouring principle does not depend on its 
(inalterability, but on the nature of the mordant with 
which it is combined, and on the affinities of this last 
combination with the stuff . to which it is transferred; 
whilst the changeable nature of the colouring principle 
rests on the character of the recipient in which it is na- 
turally held. 

In regard to the nature of the coloured principles, 
the solvents ought to be greatly varied; water, acids, 
and alkalies are those most generally employed. Alco- 
hol is seldom used, except when we wish to act on the 
colour of very small bodies. Of all these vehicles, 
water is the most common, because few of the colour- 
ing principles are insoluble in it. 

Alkalies are employed to dissolve the colouring mat- 
ter contained in indigo, in the flowers of bastard saffron, 
&c. The acids are used, 'in some cases, to dissolve 
certain colours, and particularly to precipitate the co- 
louring principles from their solutions in alkalies. 

Much has been written on the effects produced by 
waters in dyeing. And nothing is more common than 
to refer the brilliancy of some colours, and the poverty 
of others to this cause. Without adopting implicitly 
what has been published on this subject, it must be 
allowed that waters contribute essentially to the quality 
of dyes ; and we may even add, that different colours, 
as well as the same colours in different states, require 
that waters of very different natures should be employ- 
ed. To establish this second proposition, it is sufficient 
to take a cursory view of the principal operations of 
dyeing. If the object is to scour, or cleanse any stuff 
by soap, or alkali, the water must be pure; since other- 
wise the soap » decomposed by earthy salts, and there 
is formed a combination of oil arid earth, insoluble in 
water, and incapable of producing the effect expected. 
The alkali likewise decomposes the earthy saline matter, 
becomes saturated with the acid, and produces no fur- 
ther effect, while the earth being set free, combines 
with the stuff, and changes its colour. Still and stand- 
ing waters are, in general, the most saturated with 
earthy saline matters. Rapid and running waters are 
much more pure. 

There are nevertheless some foul and almost stagnant 
waters which are greatly celebrated in dyeing, because 
the putrid animal and vegetable matters suspended in 
them operate to form ammonia and sulphureted hydro- 
gen, which precipitate the earthy and metallic principles. 
Stagnant waters possess moreover the advantage over 
running waters in washing cotton stuffs, in order to free 
them from the alum or oil not fixed in their texture; 
far, in this case, it is necessary to moisten alt the parts 
of the stuff, equally, to extract from it all the uncom- 
bined mordant; and it is difficult to accomplish this 
end by the employment of running water, without the 
colour being meagre, and blended with different shades! 
Clear and running water ought to be preferred for the 
cleanring of stuffs when taken out of the dyeing bath ; 
they effectually remove every portion of matter not fixed 
in t he stuff, and develope the colour in full perfection. 

Waters 
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Waters im p regn ate d with calcareous salts are parti- 
cularly prejudicial to the dyeing cotton of 9 red colour. 
The lime which is precipitated by the sails, alum, and 
washing, tarnish and obscure the colour to such a 
degree that it is almost impossible to reviye it But in 
as far as calcareous earth tends to augment the solidity 
of the red colour and its modifications, selenitic waters 
do not prove injurious, where the object is to obtain 
a dark colour. 

As calcareous salts change scarlet into crimson, it is 
obvious when this colour is the object, the use of sele- 
nitic waters must prove more advantageous than hurtful. 
Calcareous salts dissolved in water, exclusively of coun- 
teracting a change iu colours, po s se ss the inconvenience 
of weakening the solvent action of the liquid holding 
them in solution ; whence it results, that the colouring 
principle is dissolved m a less quantity than in selenitic 
water. It appears Ur be an unquestionable fact, that 
the waters which keep the earths suspended, are less 
prejudicial than those which hold them in solution. In 
the first case they do not adhere to the stuff, while in 
the second they are precipitated by means of a double 
affinity, and enter into combination with a mordent which 
transfers and fixes them on the stuff. Of all the earthy 
-principles which are found in water, lime is the most 
common, and that alone winch can prove injurious. 
AJumine and mqpnesia never produce any bad effect. 

The sulphate of iron is almost the only metallic salt 
found existing in waters; and in however small a pro- 
portion it be contained, it produces very sensible effects 
upon colours, particularly upon silk and cotton strife ; i 
those of wool are much less affected by it. The sul- ! 
phate of iron acts, especially upon stuffs that have been 
subjected to the operation of galling, and produces 
brownish tints which modify all the colours imparted to 
them. The nature of the colouring principles not only 
regulates the choice of the solvents to be employed, but 
also enables us to assign to each its proper use! Thus 
coloured resins are dissolved in alcohol and form the 
colouring principle of varnishes. j 

Metallic oxyds when fused with alkalies, earths, &c. 
are employed to stain glass, enamels, and pottery-ware. 
Oils and fecula are dissolved in alkalies or lime; and 
the extractive principle is transferred to the stuff by the 
means of water. As we are yet very little acquainted J 
with the cause of colour in bodies, we shall • confine 1 : 
ourselves to relate some foots relative to the diode in 
which the colouring principle is developed. 

In. proportion as oxygen enters into combination with j 
a metal, its colour becomes changed, and a difference 
in the proportions suffices to produce blue, yellow, 
red, black. The effect produced by the oxygen is more J 
or less durable according to its affinities with the metal: 
Sometimes the colour disappears with the oxygen dis- | 
engaged by a gentle heat; more frequently, however, the 
cpmbinatiou is so intimate, that it supports, without ! 
suffering any change, a heat approaching that of vitrifi- j 
cation. Excepting some, resinous bodies, and some 
extracts, the colours of vegetables are obtained by 


subjecting them to fermentation. Indigo, wead, turned, 
Ac. furnish examples of this kind. 

In all cases wherein a blue colour is produced by 
fermentation, it appears that carbon acts a chief 
part. Indigo contains twenty-three parts of carbon to 
forty-seven of colouring matter; vegetables yield by 
solution a carbon of a very fine, blue ; and it seems pro- 
bable that when the blue colour is obtained by fermen- 
tation, the carbonaceous matter is nearly set free, and 
remains combined with an .oil, which gives additional 
fixity to the coloufy and indicates the most suitable 
solvent. 

Of Mordants . — Few colouring principles possess 
such decided affinities as to form a permanent union 
with a stuff on contact or application alone. There are 
cases where the same vehicle which deposits the colour 
can also erase it ; but this kind of daubing does not 
deserve the appellation of dyeing. Some metallic oxyds, 
especially those of iron, as well as several astringent and 
resinous substances, are susceptible of contracting a kind 
of adhesion to stuffs without any other intermedia. 
But in general the adhesion of the colouring prior 
dple with a stuff is facilitated by the intermedium of a 
third body which is termed a mordant. 

Most chemists who have written on the subject of 
dyeing before chemical science had attained its present 
degree of perfection, have applied the most absurd 
theories to the actiou of mordants. Hellot, as we have 
seen, conceived, that the preparation given to stuffs in 
order to dispose them to receive the dye, acted by 
cleansing and opening the pores ; and ha adds, that it is 
probable the colouring particles are incased in these 
pares in the same manner as a diamond is set in the 
collet of a ring. Macquer has adopted the same theory ; 
and we owe to Bergmanu and Berthrilet the improve- 
ment of conducting all the operations of dyeing on the 
general laws of affinities. 

According to the principles adopted by these ce- 
lebrated chemists, mordants must be regarded as the 
intermedia of tlte union or affinity between the colouring 
principle and the stuff. In combining separately the 
colouring principle with the mordant, or disposing this 
last on the stuff, we produce compounds endowed with 
affinities, in consequence of which they contract an 
union with bodies, which by themselves would have 
bad no affinity with any of their constituent prin- 
ciples. The affinity of the mordant with the stuff, and 
with the colouring principle, may be rendered evident 
by direct experiments. M. Berthollet has shewn that 
wool boiled with alum decomposed a portion of this 
salt, and combines with the alumine; he has shewn 
further, that the undecomposed portien of the alum 
dissolved a little of the animal substance. The same 
chemist has demonstrated that cream of tartar and alum 
are not decomposed by boiling, though the cream of 
tartar is rendered more soluble by this mixture. He 
adds, that when a mixture of these two salts are 
boiled with wool, a decomposition takes place, 
which prove that the wool acts as an intermedium* 

Wool 
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Wool boiled with alum alone id bard (6 the touch, 
but treated with cream of tartar* apd alum it feels soft, 
and received a fatter and more vivid Colour. The de- 
composition of alum by animal substances dissolved in 
alkali, proves tbat alumine combines with them. Thus, 
if a solution of alum be mingled with isinglass, and 
precipitated by an alkali, the alumine unites with the 
gelatine, forming a semi-transparent body which dries 
with difficulty. The decomposition of alum is not so 
readily produced by vegetable substances; though the 
astringent principle certainly decomposes it ; and when 
this principle is deposited on a stuff, which after being 
dried is put into a solution of atom, a combination 
4 takes place between tbe alumine and tannin. In this 
case the concurrence of animat and vegetable substances 
produces a more perfect decomposition of the alum, as 
is evident in the preparation to which cotton doth k 
subjected, id order to render it fit to receive a madder 
red. 

To demonstrate the great affinity between alum and 
the colouring principles, it is sufficient to Observe, that 
it forms the excipient of all the Colours known in tbe 
■ arts under the name of lacs. When any coloured body 
is boiled in a solution of alum, and precipitated by an 
alkali, the alumine combines with the coloured preci- 
pitate and forms a lac. Alumine, according to die 
method of M. Thenard, may even be very intimately 
mixed with metallic colours, such as prussiate of iron, 
oxyd of cobalt, &c. In order that any body be fit to 
act as a mordant, it is not sufficient that it possess an 
affinity with the colouring principle, or with the stuff ; 
it must also be perfectly white, otherwise its colour, 
mixing with that of the colouring principle, would pro- 
duce a mixed colour. There are cases, however, in 
which certain bddies can serve at the same time as a 
mordant and a colouring principle ; thus the oxyd of 
iron is employed along with a madder red, in order to 
dye cotton violet, and which, if employed alone, would 
produce a very deep nankeen colour. 

Mordants ought to be lkde subjected to change by 
the action of the air and water; as otherwise they 
render the colours cloudy. We must not judge of a 
mordant, disposed on a stuff, and combined with tbe 
colouring principle from its original properties, as the 
new combination imports to it new qualities ; and it is 
according to them that an opinion must be formed re- 
specting it. Thus, for example, alumine which is very 
soluble in fixed alkalies, when uncombined with any 
other substance, becomes insoluble when, in the cotton 
prepared for Adrianople red, it is united with tannin 
and oil. 

At present the two mordants most generally employ- 
ed are, alum and muriate of tin. By decomposing 
alum by the acetate of lead, an acetate of alumine is 
obtained, which is preferable to alum, because the 
alumine i9 more easily disengaged from it, and the acid 
thus liberated is less corrosive. 

The oxyd of tin possesses very marked affinities with 
the colouring principles, of which it heightens the co- 


four^ especially those rf scarlet and madder red. The 
oxyd of irpn displays more decided affinities with the 
staffs, with which it Combines in an almost indelible 
manner. 

But as it % is mrturafly coloured* it can only be em- 
ployed in dyeing compound at mined colours ; m this 
last ease tbe colour is harsh, Unless it be softened by 
dipping such red staffs m a solution of alum saturated 
with potash. The oxyd of copper is also -employed as a 
mordant, but most generally in covffunctkm with iron in 
dyeing black; sometimes it is used atone in dyeing cotton 
of a yellow colour. 

Lime, and all the calcareous salts may be considered 
as mordants ; it is true they darken or obscure reds, btit 
they givea brilliancy to the astringent principle, heighten 
blues, particularly metallic blues, and impart fixity to all 
colours. 

Tbe most complicated mordant employed hi dyeing is 
diet used for the Adrianople red; n is composed of 
alumine, oil, and the astringent principle. This com- 
bination of three bodies, which is successively formed 
by the numerous operations to which die ootfoo is sub- 
jected, possesses none of the properties Of tbe three 
constituent bodies. Apd though the madder red may 
be fixed by any one of these three sdbSbnces sepa- 
rately taken, yet the same degree of fixity is not 
imparted to it as when this triple combination is pro- 
duced. 

The best mordants are those which have not only a 
decided affinity with the colouring principle, but also 
with the staff ; and it is this property which renders 
alum preferable to all the other salts ; but, as in general 
they have a greater affinity with the colouring principle 
than with the stuff, we -first apply them to the stiff, 
and afterwards expose it thus prepared to the action of 
the colouring principle. If we pursue a contrary course, 
a lac will be formed, or the affinities between the alum 
and the colouring principle wilt be Saturated, and 
exert no further action on die stuff. The mordant then 
applied to a stuff, first exerts its action on the stuff and 
combiner with it ; after which it attracts and retains the 
colouring principle. 

The stuff can only imbibe a certain portion of alum, 
so that when it k completely saturated with this salt, k 
ought to be rinced thn>iq$h water, in order to free k 
from that portion of tbe alum which is not fixed ; since, 
without this precaution, the superabundant alum will 
remain in the bath* and absorb the colouring principle, 
to the prejudice of the stuff. When the stuff is not 
washed after .the process of alumitig, it is boiled in tbe 
solution, or preserved wtet for some time, in order to 
produce a more intimate union between it and the 
alum. 

These processes are only proper for the preparation 
of woollen stuffs, whkh have more affinity with alum 
than those made of cotton or iax. The affinity of 
mordants with tbe staff, is sometimes so great, that 
nothing more is necessary but placing it in their solu- 
I tion„ in order fully to impregnate it with them. 

Cotton 
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Cotton dipped in a solution of sulphate of iron, for 
example, almost instantaneously assumes a nankeen 
colour ; and when the oxyd is suspended in the solo* 
lien, it is sufficient to put the cotton into the bath for a 
abort time, to fix it on the stuff, and to render the 
bath perfectly transparent. Although it is the general 
practice to impregnate the stuff with die mordant be- 
fore the application of the colour, there is nevertheless 
exceptions to this rule ; for example, in the manufac- 
tures of printed linens, when the object is to impress 
on the same stuff several different shades of blue, they 
fimt 1 apply the colours with glue, and afterwards dip 
this species of painting successively into lime water, the 
solution of the sulphate of lime, and the lixjvium of 
potash. When the colours are fixed by this means, the 
stuff is transferred iuto a bath, slightly acidulated by 
sulphuric acid, which purifies and whitens those por- 
tions of the stuff which have not been printed. 

The mordant generally unites two properties, that of 
fixing the colour, and imparting to it brilliancy. If 
cotton, impregnated with the acetate of alumine, be 
dipped into a bath of quercitron, of a muddy dull colour, 
we see it immediately assume a brilliant yellow cloud, 
at the same time that the cotton becomes coloured. 

When this composition is poured into a bath of co- 
chineal, the colour instantaneously changes, and acquires 
the beautiful tint natural to scarlet. In this case, the 
Oxyd of tin combines with the colour, and forms a 
compound, having such a strong affinity with the wool, 
that it is sufficient to plunge it into the bath, that it may 
extract all the colour. In the dyeing of some colours, it 
is necessary to employ separately one mordant for the 
stuff, and another for the colouring principle. For ex- 
ample, when we wish to impart a crimson colour to 
wool, the staff is prepared with 5 02 . of alum to the 
pound of stuff ; and the colouring bath is composed of 
5 02 . of cochineal, and two ounces and a half or tartar; 
fo this mixture is added, after it has reached the boil- 
ing: point, ten ounces of the solution of tin. 

Of the substances to which colours are communicated 
m the art of dyeing . — In the limited sense to which we 
have here restricted the art of dyeing, the substances to 
which colours are usually communicated by means of this 
art, are wool, silk, cotton, flax, and hemp. Of these, the 
two first are animal substances, and the three latter are 
derived from the vegetable kingdom. Animal sub- 
stances ore distinguished from those which have a vege- 
table origin, by the nature of their constituent parts. 
The former contain a large proportion of azote, which 
exists sparingly in die latter. Hydrogen is found in 
greater abundance in animal matters, than in vegetable 
productions. In the distillation of animal and vegetable 
substances, the difference of their constituent parts is 
not less remarkable. The former afford a large pro- 
portion of ammonia, the latter yield very little, and 
sometimes give out an acid. Animal matters afford 
much oil, while vegetable substances rarely afford it in 
any perceptible quantity. From the nature of their 
component parts, animal substances produce a bright 


flame in burning; and their combustion is accompanied 
with a penetrating odour, owing no doubt to the form- 
ation and emission of ammonia and oil. Animal mat- 
ters run rapidly into the putrefactive process, while ve- 
getable substances more slowly undergo the changes 
which are induced by fermentation. 

The constituent principles of animal substances have 
a stronger tendency than those which enter into the 
composition of vegetable matters, to assume the elastic 
form, therefore the cohesive force existing between the 
particles of the former is inferior to that of the particles 
of the latter. Hence animal matters are more disposed 
to combine with other substances, more liable to be 
destroyed by different agents, and more readily enter 
into combination with colouring particles. Thus, ani- 
mal substances are destroyed by the caustic fixed alka- 
lies, and they are decomposed by the mineral acids. 
The action of acids and alkalies on sHk is less powerful 
than upon wool, and it fc less disposed to combine with 
the particles of colouring matter. In this respect it 
bears a resemblance to vegetable substances; but on 
these the action of alkalies and acids is less powerful 
than on animal substances ; and the action of acids is 
more feeble on cotton than on flax or hemp. 

We shall now treat of these substances : Wool, which 
is well known as the covering of sheep, derives its value 
from the length and fineness of its filaments. The fila- 
ments of wool are considerably elastic, for they may be 
drawn out beyond tbeir usual length, and when the force 
is removed, they recover it again. They resemble the 
arrangement of the scales of a fish, which cover each 
other from the head of the animal to its tail. This pe- 
culiarity of structure of the filaments of hair and wool is 
proved by a simple experiment. If a hair be laid hold 
of by the root m one hand, and drawn between the 
fingers of the other hand, from the root to the point, 
scarcely any friction or resistance is perceived ; bat if it 
be grasped by the point, and passed m the same manner 
between the fingers from the point towards the root, a 
resistance is felt, and a tremulous motion is perceptible 
to the touch. Thus the texture of the surface of hair 
or wool is not the same from the root towards the 
point, as it is from the point towards the root. Wool 
» naturally covered with a kind of grease or oil, which is 
found to preserve it from insects or moths, and on this* 
account the greasy matter is not removed, or the wool 
is not scoured till it is to be dyed or spun. Hie pro- 
cess for scouring wool is this: it is put for about a 
quarter of an hour into a kettle, with a sufficient quan- 
tity of water, to which a fourth part of putrid urine has 
been added. It is then heated, occasionally stirred, and 
being taken out, is allowed to drain. It is next put 
into a basket, and exposed to a stream of running water, 
and moved about till the grease is so completely sepa- 
rated, that it no longer renders the water turbid. The 
more carefully and completely this process is performed, 
the better the wool is fitted to receive the colouring 
matter. Our chemical readers will perceive die nature 
of the changes which are affected in this process of 
3 Z scouring. 
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scouring. The ammonia, which exists in the urine, 
combines with the oil of the wool, and forms, a soap, 
which being soluble in water, is dissolved, and carried 
off. Wool is either <lyed in the fleece, or after it is 
spun into threads, or when it is manufactured into doth. 
For the purpose of forming cloths of mixed colours, it 
is dyed before it is spun ; for the purposes of tapestry, 
it is dyed in the state of thread ; but more frequently 
it is subjected to this process after it has been manufac- 
tured into cloth. In these different states, the quantity 
of colouring matter taken up is very different. The 
proportion is largest when it is dyed in the fleece, be- 
cause then the filaments being more separated, a greater 
surface is exposed to the action of the colouring par- 
ticles. For a similar reason the quantity of colour 
taken up is greater when in the state of thread or yarn, 
than when it is formed into cloth. But cloths them- 
selves must vary in this respect, according to their dif- 
ferent qualities. Their different degrees of fineness, or 
doseness of texture, will produce considerable variations ; 
the difference also in the quantity and dimensions of the 
substances to be dyed, the different qualities of the 
ingredients employed and the different circumstances in 
which the process is performed, should be a cautiou 
against trusting to precise quantities, regulated by weight 
or measure, which are recommended according to ge- 
neral rules. According to the texture of the wool, and 
the nature of the colouring matter employed, it is found 
to be more or less penetrated with this matter. The 
wool from the thighs and tails of some sheep, receives 
colours with difficulty, and the finest cloth is never 
completely penetrated with the scarlet dye. The inte- 
rior of the cloth appears always when cut, of a lighter 
shade, and sometimes even white. 

Silk, which forms the basis of one of the richest and 
most splendid parts of dress, among the wealthy in 
civilized society, is the production of different insects. 
The phalaena bombyx, or silk worm, which is a native 
of China, attracted the attention of mankind in that 
country, from the earliest ages. The honour of having 
first collected and prepared silk from the cocoons in 
which it is wound up by the insect, during its meta- 
morphoses, is ascribed to the wife of an emperor. The 
phalaena atlas, which is also a native of China, is said 
to form larger cocoons, and to yield a stronger silk. 
The silk-worm was first carried from China to Hin- 
dostan, and afterwards to Persia. About the middle 
of the sixth century, two monks returned from India 
to Constantinople, and brought with them a number 
of silk-worms, with instructions for managing and 
breeding them, as well as for collecting, preparing, 
and manufacturing the silk. Establishments were 
thus formed at Corinth, Athens, and other parts of 
Greece. The crusades, which though very injuri- 
ous, in some respects to the world, greatly contri- 
buted to the diffusion of different kinds of know- 
ledge, by the intercourse which took place between 
. different countries, proved useful in disseminating 
the knowledge of rearing the silk-worm, and manu- 


facturing its valuable productions. Roger, king, of 
Sicily, about the year 1130, returning from one of 
these expeditions, brought with him from Greece, se- 
veral prisoners, who were acquainted with the manage- 
ment of silk-worms, and the manufacturing of silk. 
Under their superintendence^ manufactories were esta- 
blished at Palermo and Calabria. This example was 
soon adopted, and followed in different parts of Italy, 
and Spain. In the time of James I. an attempt was 
made to establish the silk-worm in England. For this 
purpose the culture of the mulberry-tree on which the 
insects feed, was recommended by that priuce to his 
subjects; but (he attempts have been hitherto unsuc- 
cessful. 

The fibres of silk are covered with a coating or na- 
tural varnish 'of a gunnny nature. To this are ascribed 
its stiffness and elasticity. Besides this varnish, the 
silk usually met with in Europe, is impregnated with a 
substance of a yellow colour, and for most of the pur- 
poses to which silk is applied, it is necessary that it 
should be deprived, both of the varnish and of the co- 
louring matter. On this account it must be subjected 
to the operation of scouring. A hundred pounds of 
silk boiled in a solution of 20 lbs. of soap for three 
or four hours, adding new portions of water during the 
evaporation, are sufficiently prepared for receiving com- 
mon colours. For blue, the proportion of soap must 
be increased; and scarlet, cherry-colour, &c. require 
still a greater proportion, for the ground most be whiter 
for these colours. Silk, which is to be employed white, 
must undergo three operations. In the first the hanks 
are immersed in a hot solution of 30 lbs. of soap to 
100 of silk. When the immersed part is freed from its 
gum, which is known by its whiteness, the hanks are 
shaken over, so that the part which was not previously 
immersed may undergo tne same operation. They are 
then wrung out and the process is completed. In the 
second operation the silk is put into bags of coarse 
cloth, each bag containing 20 or 30 lbs. These bags 
are boiled for an hour and a half, in a solution of soap 
prepared as before, but with less soap ; and that they 
may not receive too much heat, by touching the 
bottom of the kettle, they must be kept constantly 
stirred during the operation. The object of the 
third operation is to communicate to the silk different 
shades, to render the white more agreeable. These 
are known by different names, as China-white, silver- 
white, &c. For this purpose a solution of soap is also 
prepared, of which the proper degree of strength is as- 
certained by its manner of frothing by agitation. For 
the China-white, which is required to have a tinge of 
red, a small quantity of anatto is added, and the silk is 
shaken over till it has acquired the shade which is want- 
ed. In other whites, a blue tinge is given by adding a 
little blue to the solution of soap. The azure-white is 
communicated by means of indigo. It has long been 
an object of considerable importance, to deprive silk of 
it colouring matter, without destroying the gum, on 
which its stiffness and elasticity depeud. A process for 
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tkb purpose was discovered by Beatunfi, but as it was 
not made public, others have been led to it by experi- 
ment. The following account, given by Berthollet, is 
mil that has transpired concerning this process. A mix- 
ture is made with a small quantity of muriatic acid and 
alcohol. The muriatic acid should be in a state of 
purity, and should be entirely free from nitric acid, 
which would give the silk a yellow colour. In the 
mixture thus prepared, the silk is to be immersed. 
One of the most difficult parts of the process, is to 
produce a. uniform whiteness. In dyeing the whitened 
silk, there is also considerable difficulty, to prevent its 
curling, so that it is recommended to keep it constantly 
stretched during the drying. The muriatic acid is use- 
ful in this process, by softening the gum, and assist- 
ing the : alcohol to dissolve the colouring particles 
which are combined with it. The alcohol which has 
been impregnated with the colouring matter may be 
separated from it and purified, that it may serve for 
future operations, and thus render the process more 
economical. This may be done . by distillation with a 
moderate heat, in glass or stone-ware vessels. 

The preparation with alum, is a very important prc* 
liminary operation in the dyeing of silk* Without this 
process, few colours would have either beauty or dura- 
bility; Forty or fifty pounds of alum, dissolved in 
warm water are mixed in a vat, with as many pailfuls 
of water; and to prevent the crystallization of the salt, 
the solution must be carefully stirred during the mixture. 
The siik being previously washed and beetled, is im- 
mersed in this alum liquor, and at the end of eight or 
nine hours it is wrung out, and washed in a stream of 
water. A hundred and fifty pounds of silk may be pre- 
pared in the above quantity of liquor ; but when it 
grows weak, which may be known by the taste, 20 or 
$5 lbs. of dissolved alum are to be added, and the ad- 
dition repeated till the liquor acquires a disagreeable 
smell. It may even then be employed in the prepara- 
tion of silk intended for darker colours, till its whole 
strength is dissipated. The preparation of silk with 
alum must be made in the cold ; for if the liquor is 
employed hot the lustre is apt to be impaired. 

Cotton is the down or wool contained m the pods of 
a shrubby plant, which is a native of warm climates. 
Of this genus of plants there are four species, one of 
which only is perennial, the other three are annual 
plants; but of these there are many varieties. The 
principal differences among cottons consist in the length 
and fineness of the filaments, and in their strength and 
colour. The peculiar structure of the fibres of cotton 
is not well known. According to the microscopic ob- 
servations of Leuwenhoeck they have two sharp sides, 
to which are ascribed the irritation and inflammation of 
wounds and ulcers when they are dressed with cotton 
instead of lint. This peculiarity of structure may oc- 
casion some difference in the .conformation and number 
of the pores, on which the disposition of cotton to 
admit and retain colours better than linen seems to 
depend. In this respect it is inferior to wool and silk, 


because on account ofits vegetable nature, its affinity for 
colouring matter is less powerful. It is well known 
that silk, cotton, and linen have a weaker affinity for 
colouring matter than wool, which has been explained ; 
that the pores of these substances are smaller than those 
of wool, and that the colouring particles enter them 
less freely. But according to Dr. Bancroft, the reverse 
of this seems to be the fact; for there is little difficulty 
in making silk, cotton, and linen imbibe colouring 
matter, even when it is applied cold without any artifi- 
cial dilatation of the pores, which is always necessary in 
the dyeing of wool. The only difficulty is to make them 
retain the colours after the matter has been imbibed ; 
because being admitted into their undulated pores, the 
particles cannot be afterwards compressed and retained 
by the contraction of these pores, as is the case with 
wool. It requires double the quantity of cochineal 
which is necessary for wool to communicate a crimson 
colour to silk ; a proof that it can take, up a greater 
quantity, and consequently that the pores are suffi- 
ciently large and accessible. Unbleached cotton is 
always preferred for dyeing Turkey red, because in this 
state the colour is found to be most permanent ; 
which is ascribed to the pores or interstices being less 
open than, after it has undergone the process of bleach- 
ing. The same thing is observed of raw silk. It is 
found to combine more easily with the colouring matter, 
and to receive k more permanent colour in this state 
than after it has been scoured and whitened. “ The 
openness of cottou and linen, (says Dr. Bancroft) and ' 
their consequent readiness to imbibe both colouring 
particles, and the earthy or metallic bases employed to 
fix most, of them, are circumstances upon which the art 
of dyeing and calico printing is iu a great degree 
founded.” To prepare cotton stuff for receiving the 
dye several operations are necessary. It must first un- 
dergo the process of scouring. By some it is boiled in 
alkaline lye : it should be kept boiling for two houra, 
then wrung out and rinsed in a stream of water till the 
water comes off clear. The stuffs to be prepared 
should be soaked io water mixed with not more than 
one-fiftieth part of sulphuric ackl, and then carefully 
washed in a stream of water and dried. In this opera* 
tion the acid combines with a portion of earth and iron, 
which would have interrupted the full effect of the co- 
louring matter in the process of dyeing. Aluming is 
another preliminary process in the dyeing of cotton. 
The alum is to be dissolved, and each pound of cotton 
stuff requires four ounces of alum. By some a solution 
of soda, about one-sixteenth part of the alum, and by 
others a small quantity of tartar and arsenic are added. 
The thread is impregnated by working it in small quan- 
tities with this solution. The whole is then put into a 
vessel, and the remaining part of the liquor is poured 
upon it It is now left for 24 hours, after which it is 
removed to a stream of water, and allowed to remain 
for an hour and a half or two hours, to extract part of 
the alum. It is then to be washed. By this operation 
cotton gains about one-fortieth part of its weight. 
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Tbe operation of galling i« another preparatory pro- which are necessary for rendering the glutinous sub* 
cess in the dyeing of cotton, stuffs. The quantity of stance soluble in water. By watering flu r and by 

astringent matter employed must be proportioned to its drying before and after that process, the green eo* 

quality. Powdered galls are boiled for two hours in a loured particles undergo a similar change to that which 
proportion of water, regulated by the quantity of thread is observed in the green substance of the plants ex* 
to be galled. This solution being reduced to such a posed to the action of air and light. The next part of 
temperature as tbe hand can bear, is divided into a sum- the process is to spread it out upon tbe grass, aqd thus 

her of equal parts, that the thread may be wrought in expose it for some time to die air and sun. Bj this 

separate parcels. The whole stuff is then put into a means the colour of the hot is improved, and fee 
vessel, and the remaining liqqor poured upon it, as in ligneous part becomes so brittle that it is easily sep** 
the former process. It is then left for 24 hours, if it is rated from the fibrous part. This operation is unialfy 
, to be dyed black, but for other colours 12 or 15 hours performed by machinery. Flax which is intended fix 
are found sufficient. It is then wrung out and dried, dyeing must be subjected to a similar series of opera* 
Berthollet informs us, that cotton which has been tions with cotton in the different processes of sco waring, 
alumed acquired more weight in the galling than that alummg, and galling. 

which had not undergone the process; for although Of the operations of dyeing. — Before we proceed Is 
alum adheres but in small quantities to cotton, it com- the detail of the processes of dyeing, we shall throw out 
municatee to it a greater power of combining, both a few hints on the operations in general. Tbe workq 
with the astringent principle and with the colouring which are carried on in extensive manufactories, era 
particles. followed with advantages which are unknown to thorn 

Flax and hemp nearly resemble each other in their that are conducted on a limited scale or in a detached 
general properties ; and so far as relates to the pro- manner. By the subdivision of labour, each workman 
cesses of dyeing, what is said of the one may be ap- directing his attention to one or a few objects, to- 
plied to the other. Flax or lint is obtained from toe quires a great facility and perfection of execution, fay 
back of linum usitatissimum, and hemp from that of which the saving of time and labour becomes considers- 
cannabis sativa. Before flax is properly prepared to able. . This principle is particularly applicable Wt fee 
receive the dye, it must be subjected to several pro- art of dyeing, because the preparation which remains 
cesses. The most important is that 9 of watering, by after one operation may be frequently employed aa 
which the fibrous parts of the plant are separated, and another. A bath from which the colouring matter hat 
brought to that state in which they can be spun into been in.a great measure extracted in the first operation 
threads. As the quantity and quality of the product may be useful for other stuffs, or with the addition of a 
depend much on this operation, it becomes of the fresh portion of ingredients may form a new bath. The 
greatest consequence feat it be properly conducted, galls which have been applied to tbe galtiug of silk may 
During this process, carbonic acid and hydrogen gas answer a similar purpose for cotton or wool. A dye- 
are given out. * Tbe extrication of these is owing to a house, which should be set down as near as possible to 
glutinous juice which holds tbe green colouring part a stream of water, should be spacious and weB lighted, 
of the plant in solution, and which is the medium of It should be floored with piaster ; and proper means 
onion between the cortical and ligneous parts, under- should be adopted to cany off waiter or spent baths by 
going a certain degree of putrefaction. This substance channels or gutters, se that every operation may be 
seems to resemble the glutinous parts which dissolved conducted with the utmost attention So cleanliness. The 
in the juice obtained from plants by pressure, is sepa- size apd position of tbe chaldrons are to be regulated by 
rated from the colouring particles by beat, readily be- the nature and extent of fee operations for which they 
come putrid, and by distillation affords ammonia. But are designed. Excepting for scarlet and other delicate 
although it is held in solution with fee expressed juice, colours m which tin is used as a mordant, the caldrot* 
it cannot be separated from the cortical parts com- should be of brass or copper. Brass, being less apt 
pletely by means of water; and hence k happens, that than copper to be acted on by means of chemical 
hemp or flax watered in two strong a current, has not agents, and to Communicate spots to the stuffs, is fitter 
fee requiske softness and flexibility. But if the water for the purpose of a dyeing vessel. It is of the greatest 
employed in this operation be stagnant and in a putrid consequence that the coppers or caldrons be well 
state, the hemp or flax becomes of a brown colour, and cleaned for every operation ; and feat vessels of a huge 
loses its fineness. In the one case the putrefactive pxo- size should be furnished at the bottom wife a pipe and 
cess is interrupted; in the other it is continued too stop-cock for the greater convenience of emptying them; 
loOg and earned too far. The process, therefore, is There must be a hole m the wall or chimney above each 
performed wife the greatest advantage near the banks copper, to admit poles for the purpose of draining the 
of rivers, where the water may be changed so fire- stuffs which are immersed, so that the liquor may fell 
quently as to prevent such a degree of putrefaction as back into the vessel, and no part may be lost. Dyes 
would be injurious to the flax, as weH as prejudicial to for silk where 4 boiling heat is not necessary are pre- 
fee workmen from noxious exhalations ; and yet not pared in troughs or backs, which are long eopper or 
so frequently as to retard or interrupt those changes I wooden vessels. The colours which are used for silk 
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are extremely delicate. They most therefore be dried 
quickly, and not be long exposed to the action of the 
air, that there may be no rule of change. For this 
purpose, it is necessary to have a drying room heated 
with a stove. For pieces of stuffs, a winch or reel must 
be constructed, the ends of which are supported by two 
iron forks, which may be put up at treasure in holes 
mode m the curb on which the edges ot the copper rest. 
The manipulations in dyeing are neither difficult nor 
complicated. Their object is to impregnate the stuff 
with the colouring particles, which are dissolved in the 
bath. For this purpose the action of the air is neces- 
sary, not only in fixing the colouring particles, but in 
rendering them more vivid; while those which have 
not been fixed in the stuff are to be carefully re- 
moved. In dyeing whole pieces of stuff, or a number 
of pieces at once, the frinch or reel must be employed. 
One end of the stuff is first laid across it, and by turn- 
ing it quickly round the whole passes over it. By 
turning it afterwards the contrary way, that part of the 
staff which was first immersed will be die fast in the 
second immersion, and thus the colouring matter will 
be communicated as equally as possible. In dyeing 
wool in die fleece, m kind of broad ladder with very 
doee rounds, called by dyers a scraw or scray, is used. 
Tins is placed over the copper, and the wool is put 
upon it for the purpose of draining and exposure to 
the air. If wool is dyed in the state of thread, or in 
flmns, rods are to be passed through them, and the 
hank* turned upon the skein sticks in the liquor. To 
separate the superabundant colouring particles, or those 
wrack have not been fixed in the stuff, after being dyed, 
it must be wrung out. This operation is performed 
with a cylindrical piece of wood, one end of which is 
fixed in the wall, or in a post. This operation is re- 
floated a number of times successively, for the purpose 
of drying the stuffs more rapidly, and communicating a 
brighter lustre. In dyeing, one colour is frequently 
communicated to stuffs with the intention of applying 
toother upon it, and thus a compound colour is pro- 
duced. The first of these operations is called giving a 
ground.’ When it is found necessary to pass stuffs 
several times through the same liquor, each particular 
operation is called a dip. A colour is said to be rosed, 
when a red colour having a yellow tinge is changed to a 
shade inclining to a crimson or ruby colour ; and the 
conversion of a yellow red to a more complete red is 
called heightening the colour. We shall now make a 
few observations on the qualifies and effects of dif- 
ferent kinds of water, which may be considered as one 
of the most essential agents in the art of dyeing. It is 
almost unnecessary to say, that water which is muddy 
or contains putrid substances should not be employed ; 
and indeed no kind of water which possesses qualifies 
distinguished by the taste, ought to be used. Water 
which bolds in solution earthy salts, has a very consi- 
derable action on colouring matters, which action is 
chiefly produced by means of these salts. Such, for 
instance, are the nitrates of lime and magnesia, muriate 


of lime «mI magnesia, stripbafe of lime, and carbonate 
of lime and of magnesia. These salts, which have 
earthy bases, oppose the solution of the colouring par- 
ticles, and by entering into combination with many of 
them, cause a precipitation, by which means the co- 
lour is at one tune deeper and at other times duller and 
more feint than would otherwise be die case* Water 
impregnated with the carbonates of lime and magnesia, 
yield a precipitate when they are boiled, for the excess 
of carbonic acid which held them in solution is driven 
off by die heat ; the earths are thus precipitated, and ad- 
hering to die stuffs to be dyed, render them duly, and 
prevent the colouring matter from combining with 
diem. It is of much consequence to be able to dis* 
finguish the different kinds of Water which come under 
the denomination of hard water, that they may be 
avoided in the essential operations of dyeing ; but to 
detect different principles contained in such waters, and 
to ascertain their quantity with precision, require great 
skill and very delicate management of chemical opera- 
tions, which the experienced chemist only can be sup- 
posed to possess. 

As it is not always m die power of the dyer to choose 
pure water, means of correcting die water which wotdd 
be injurious to his processes, and particularly for the 
dyeing of delicate colours have been proposed. Water 
in which bran has been allowed to become sour, it 
most commonly employed for this pvpose. This it 
known by the name of sours, or sour water. The 
method of preparing sour water is the following : twen- 
ty-four bushels of bran are put into a vessel diat will 
contain about ten hogsheads. A huge boiler is filled 
with water, and when it is just ready to boil it is 
poured into the vessel. Soon after, die acid fermenta- 
tion commences, and in about twenty-four hours the 
liquor is fit to be applied to use. Water which is im- 
pregnated with earthy salts, after bemg treated in this 
way, forms no precipitate by* boiling. It is probable 
that the sour water decomposes die carbonate of lime 
and magnesia, because the vegetable acid which is 
formed during the fermentation, combines with the 
earthy basis and sets the carbonic acid at liberty. Some 
of the substances with which waters are impregnated, 
or those which are merely diffused in them in a state of 
very minute division, may be separated by means of 
mucilaginous matters. The mucilage coagulates by 
means of heat, and carrying with it the earths separated 
by boiling as well as those substances which are simply 
mixed with the water and render it tnrbid, rises to the 
surface, and forming a scum may be easily removed. 

Of the practice of Dyeing . — We have already endea- 
voured to give a general view of the principles on which 
the art of dyeing depends. We have considered the 
physical and chemical properties of colours and colour- 
ing matters; the nature of the substances to which 
colours are communicated, and the agents or means by 
which this is effected; and from the experiments and 
observations of philosophers, whose investigations have 
been directed to this subject, it appears that these 
4 A changes 
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changes ate entirely owing. to chemical affinities, by 
.which; decompositions are effected, and new combina- 
tions formed among the constituent parts of the sub- 
stances employed. 

It is only by tbe application of the principles of che- 
mistry that this ?rt can be improved and perfected. But 
the application of these principles, must be made by the 
practical dyer himself, not by the chemist in his labo- 
ratory, or during an occasional visit to the manufactory. 
For in the complicated processes of dyeing, conducted on 
an extensive scale, a thousand circumstances will be 
overlooked by the most acute and discerning chemist, 
which will not escape the habitual observation of the 
philosophical artist. 

Colours have been usually distributed by dyers into 
toyo classes. These have been denominated simple and 
.compound colours. Simple colours, which are com- 
monly reckoned four in number, are such as cannot be 
produced by the mixing together different colours. Co- 
lours denominated compound may be produced by the 
jmixturfc of any two of the simple colours in different 
proportions. Thus red, yellow, and blue, are inca- 
pable of being produced by any combination of others, 
and are therefore considered as simple colours. Blue 
and red, which compose a purple, blue and yellow a 
green, and red and yellow an Orange, are compound 
colours ; but none of these, by any composition what- 
ever, will afford a red, yellow, or blue. 

Dr. Bancroft, in his elaborate treatise on the philoso- 
phy of permanent colours, divides colouring matters into 
two classes. The first includes those colouring sub- 
stances which, being in a state of solution may be per- 
manently fixed on any stuff without any mordant, or the 
.intermediate action of earthy or metallic hases. In the 
second class are comprehended those matters which 
'cannot be fixed without the action of mordants. The 
:first he has denominated substantive colours ; because 
the colour is fixed without the aid of any other body : 
and the second adjective, because they become perma- 
nent only with the addition of a mordant. The ce- 
lebrated purple produced by the liquor obtained 
from the shell-fish and indigo, are examples of sub- 
stantive colours. Prussian blue and cochineal are ad- 
jective colours. The usual division of colours is into 
simple and compound, which seems to form an ar- 
rangement equally convenient and perspicuous. 

OF SIMPLE COLOURS. 

Simple colours are such as cannot be produced by 
the mixture of other colours. They are the foundation 
.of all other colours, and therefore come naturally to be 
.first treated of. The simple colours are four, viz. 1. 
- Red.' 2. Yellow. 3. Blue. 4. Black. To these a fifth 
is added by some; namely, brown, or fawn colour; 
although it may be produced by the combination of 
other colours. The nature of the colouring substances 
which are employed to produce these colours, and the 
processes by which they are fixed on the several stuffs, 
will form the subjects of the following article. 


Red colours, from different degrees of intensity have 
received, different names, as crimson, scarlet, besides a 
great variety of shades which are less striking, and come 
under no particular denomination. We shall treat of 
the nature and properties of the substances which are 
employed in dyeing red, yellow, blue and Mack, and 
then give an account of the different processes which 
are followed in fixing these colouring matters oa animal 
apd vegetable productions. 1. Of the substances em- 
ployed in dying red. The colouring matters which are 
principally employed in dyeing red, are madder, co- 
chineal, kermes, lac, archil, cardtamus, brasil wood, 
and logwood. 

Madder is very extensively employed in dyeing. It 
is the root of a plant (rubia tinctorum, Lin.) of which 
there are two varieties. It is cultivated m different 
parts of Europe, and die best, it is said, is brought from 
Zealand. Madder, as it is prepared for dyeing, is dis- 
tinguished into different kinds. What is called grape 
madder is obtained from tbe principal roots ; die none 
grape is produced from the stalks, Which by being 
buried in the earth are converted into root^ and are 
called layers.. 

The roots being dried, and the earthy matters which 
adhere to them being separated by shaking them in a 
bag, or beating them lightly on a wooden hurdle, they 
are reduced to powder by means of manual labour or 
with machinery. All tbe parte of madder do not yield 
the same colouring matter. The outer bark and the 
ligneous part within give a yellowish dye, which iiqores 
the red. These parts may be separated in consequence 
of the different degrees of facility with which they are 
reduced to powder. 

The result of the experiments of a French chemist 
shew, that the fresh root of madder may be used with 
as much advantage in dyeing, as when it is dried and 
powdered. Four pounds of fresh madder, he ob- 
served are equal to one of the dry, although in drying it 
loses seven-eights of its weight. When the fresh roots 
are to be used, they are to be well washed in a current 
of water immediately after they are taken out of the 

r und, and afterwards cut info pieces and bruised. 

dyeing with the fresh roots, allowance should be 
made for the quantity of water which they contain, 
so that a smaller proportion should be pat into the 
bath. 

The colouring matter of madder is soluble in al- 
cohol, and by evaporation a deep red residuum is 
formed. In this solution sulphuric acid produces a 
fawn-coloured precipitate ; fixed alkali, one of a violet 
colour, aad the sulphate of potash a precipitate of a fine 
red. Alum, nitre, chalk, acetate of lead, and muriate 
of tin, afford precipitates in the solution of madder in 
alcohol of various shades. The colouring matter of 
madder is also soluble in water. By' maceration in 
several portions of cold water successively, the last 
receives only a fawn colour, which appears entirely 
different from the peculiar - colouring particles of this 
substance. It resembles what is extracted from woods 

and 
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ind other roots, and perhaps exists only in the ligneous 
and cortical parts. The colouring matter may be ex- 
tracted either by hot or cold water; in the latter the 
colour is most beautiful. The decoction is of a brown- 
ish colour. The colouring matter of madder cannot be 
extracted without a great deal of water. Two ounces 
of madder require three quarts of water. Alum forms 
in the infusion of madder a deep brownish red precipi- 
tate ; die supernatant liquor is yellowish, inclining to 
brown. Alkaline carbonates precipitate from this last 
liquor a lake of a blood-red colour; with the addition of 
more alkali, the precipitate is re-dissolved, and the 
liquor becomes red. Calcareous earth precipitates a 
darker and browner coloured 1 lake than alkalies. 

Cochineal, which furnishes a valuable dye stuff, and 
about die nature of which there was at first a good deal 
of uncertainty, is an insect. It is produced on dif- 
ferent species of the cactus or Indian fig. When the 
Spaniards first arrived in Mexico, they saw the cochi- 
neal employed by the native inhabitants in communicat- 
ing colours to some part of their habitations, their orna- 
ments, and also in dyeing cotton. Struck .with its beau- 
tiful colour, they transmitted accounts of it to the 
Spanish ministry, who about die year 1523, ordered 
Cortes to direct his attention to the propagation of diis 
substance. The inhabitants of Europe were long mis- 
taken, concerning the nature and' origin of cochineal, by 
supposing it to be the grain or seed of a plant. This 
opinion was first contradicted in a paper published in 
the third volume of the Philosophical Transactions, in 
1668, and four years afterwards Dr. Lister, in the 
seventh volume of the same work, throws out a con- 
jecture, that cochineal may be a sort of kerxnes. Dif- 
ferent opinions concerning the origin of this substance 
were entertained till about the beginning of the year 
1757, when Mr. Ellis obtained some of the joints of the 
plant on which the insects breed from South Carolina, 
and presented them the same year to the Royal So- 
ciety. These specimens, Mr. Ellis observes, were full 
of the nests of this insect, in which it appeared in its 
various states, in the moat minute when it walks about, 
to the state when it becomes fixed and wrapt up in a | 
fine web which it spins about itself. With the assists 
ance of the microscope, Mr. Ellis discovered the true 
male insect in the parcels which had been sent to him 
from America. It is supposed there may be 150 or 
200 females for one male. These discoveries proved 
indisputably that the cochineal is an animal production. 
The female xochineal insect adheres to the same spot of 
the tree on which it is produced during .her whole life. 
As soon as the female is delivered of its numerous pro- 
geny, it becoxfies a mere husk and dies. In Mexico it 
is therefore an object of great importance to prevent 
this,, and to collect them in the .fecundated state. For 
this purpose they are picked from the plants, put into 
a linen bag, which is immersed in hot water to destroy 
the life of the young insects, and then carefully dried. 
In this state they are imported into Europe. > 

Fine cochineal, if it has been properly prepared and 
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kept, ought to be of a gray colour with a shade of 
purple. The gray colour is owiug to a powder with 
which it is naturally covered, and part of which it still 
retains. The colouring matter extracted by the water 
in which the insocthas been killed produces the purple 
shade. . In a dry place, cochineal may be kept for a 
long Utue without losing any of its properties. Hdlot 
made experiments on cochineal 130 years old, and 
found that it produced the same effect as if it. had been 
quite new. Cochineal yields its colouring matter to 
water ; and the decoction, which is of a crimson colour 
inclining; to violet, may be kept for a long time without 
losing its transparency or becoming putrid. If this 
decoction be evaporated, and the residue or .extract be 
digested in alcohol, the colouring part dissolves and 
leaves a residuum of the colour of wine lees, of which 
fresh alcohol Cannot deprive it. The alcohol of cochi- 
neal affords, by evaporation, a transparent residuum of 
a deep red, which being dried has the appearance of a 
resin. A small quantity of sulphuric acid added to the 
decoction of cochineal, produces a red colour inclining 
to yellow, juad a small quantity of a beautiful red preci- 
pitate. 

The experiments of JBerthollet and Bancroft shew 
that the colourmg matter of cochineal is not entirely 
extracted by means of water. Dr. Bancroft found, that 
after the whole of it which could be extracted by water 
was obtained, by adding a little potash to the seemingly 
exhausted sediment, and pouring on it fresh boiling 
water it yielded a new quantity of colouring matter, 
equal to one-eighth of what bad been given out jo' the 
water ; and Berthollet found the same effect produced 
with the addition of tartar, from -which he concludes* 
that tartar favours the solution of the colouring part o£ 
the cochineal. 

Kermes, another animal substance which is exten- 
sively employed in dyeiog, is an insect that breeds on 
a species of oak which grows in most of the southern 
parts of Europe, and in many parts of Asia. Kermes 
is chiefly obtained from Languedoc, Spain, and Portu- 
gal. The insects are collected in the month of May or 
June, when the fetnale, which alone is useful, is dis- 
tended with eggs. To destroy the young insects, the 
kermes is exposed to the steam of vinegar for about half 
an hour, or steeped in vinegar for 10 or 12 hours. 
They are afterwards dried on linen cloths, and brought 
to market. 

When the living insect is bruised it gives out a red 
colour. The smell is somewhat pleasant ; the taste is 
bitter and pungent. It gives out its colouring matter 
both to water and alcohol, to which it also imparts 2 
smell and taste. The colour is also retained in the 
extract, which is obtained both from the tincture and 
from the infusion. Kermes is one of the most ancient 
dyeing drugs ; and although the colours which it com- 
municates to cloth are less bright and vivid than those 
of cochineal, and on that account it has been less ex- 
tensively employed in dyeing since the latter was known, • 
yet they have been found to be exceedingly permanent. 
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The inb blood-rad colour whieh is to be seen on old’ 
tapestries in different parts of Europe was produced 
from keruM, with an aluminous mordant, and seems 
to hare suffered no change though some of them are 
900 of 900 years old. The colour obtained from 
kermes was formerly called scarlet in grain, because 
it was supposed that the insect was a grain; and from 
the chief manufactory haring been at one time in Ve- 
nice, it was called Veoetxan scarlet. 

Lac is an animal production which has beat long 
known in India, and used for dyeing silk and other pur- 
poses. It is the nidus of the coccus lacca, and is gene- 
rally produced on the small branches of the croton 
lacciflsrum. Three kinds of lac are well known in 
commerce : 1. Stick lac is the substance or comb in 
its natural state, forming a crust on the small branches 
or twigs. 2. Seed lac is said to be only the above sepa- 
rated from the twigs, and reduced into small fragasents. 
Mr. Hatchett, who has examined this substance, found 
the best specimens considerably deprived of their co- 
louring matter. According to the information which he 
received from Mr. Wilkins, the silk dyers in Bengal j 
produce the seed lac by pounding crude lac into small | 
fragments, mid extracting part of the colouring matter ' 
by boiling. S. Shell lac is prepared from the cells 
liquefied, strained, and formed into thin transparent la- 
mina. The best lac is of a deep red colour; when if is 
pale and pierced at the top, the value is greatly diminished, 
for then die insects have left their cells, and it can no 
be of use as a dye stuff. 

decoction of powdered stick lac id water gives a 
deep crimson colour. With one-fifth of borax, lac 
becomes more soluble in water." Pure soda and car- 
bonate of soda completely dissolve the different kinds of 
lac, and produce a deeper colour thau that which is 
obtained by means of borax. Pure potash speedily 
dissolves all the varieties of lac; die colour approaches 
to purple. Pure ammonia and carbonate of ammonia 
readily act on the colouring matter of lac. Alcohol 
dissolves a considerable portion of the lac, and yields a 
fine red colour. 

Archil is a vegetable substance of great use in dye- 
ing. It is employed in the form of a paste, which is 
of a red violet colour. It is chiefly obtained from two 
species of lichen. The first, which is called Canary 
Archil, because the lichen from which it is prepared 
grows abundantly in die Canary islands, is most valued. 
It is prepared by reducing the plant to a fine powder, 
which is afterwards passed througjh a sieve and slighdy 
moistened with stale urine. The mixture is daily stirred, 
each time adding a certain proportion of soda in pow- 
der, till it acquire a clove colour. It is then pat into 
a wooden cask, and urine, lime-water, or a solution of 
sulphate of lime, {gypsum), is added in sufficient quan- 
tity to cover the mixture. In this state it is kept ; but 
to preserve it any length of time, it is necessary to 
moisten it occasionally with urine. By a similar prepa- 
ration, other species of lichen may be used in dyeing. 
In this country the “ lichen omphalodes” and “tarlareus” 


are frequdady employed for dyeing coarse dofo> 
Archil gives oat its colouring matter to water, am- 
monia, and alcohol. The infusion of archil is of a 
crimson colour, with a shade of violet. The addition 
of an acid converts k to a red colour. Fixed alkalies 
only render it of a deeper shade ; because its natural 
colour has been already modified by the ammonia with 
which it is combined in the ‘ preparation. To cold 
marble die aqueous infusion of archil communicates a 
fine violet colour, or - blue inclining to purple.. The 
affinity between the stone and the colouring matter is 
so strong that it resists the action of the air longer than 
colours which it gives to other substances. The colour 
thus communicated to marble has remained for two 
years unchanged. 

Archil is also soluble in alcohol. This tincture is 
employed for making spirit of wine thermometers. A 
singular phenomenon was observed by die Abb& Nolle! 
when the tincture was excluded from the air. In a 
few years it was entirely deprived of its colour. The 
contact of air restored the colour; but it was again de- 
stroyed when deprived of it 

Carthamus, or bastard saffron, a vegetable sub stance 
used in dyeing, is die flower of an annual plant which 
is cultivated in Spain, Egypt, and the Levant. Thera 
are two varieties of this plant, the one with larger, the 
other with smaller leaves. The variety with huger 
j leaves Is cultivated in Egypt 

The method of preparing the flowers of c ar t h a mu s in 
Egypt, as it is described by Hasselquist, is the fottow- 
ing. After being pressed between two stones to squeeze 
out the juice, they are washed several times with salt 
water,, pressed between the hands, and spread out on 
mats in the open air to dry. 

Carthamus contains two colouring substances; a yel- 
low substance which is soluble in water, and as it is 
of no use is extracted by the process mentioned above 
by squeezing the flowers between the stones till no more 
colour can be pressed out. The flowers become red- 
dish in this operation, and lose nearly one half of their 
weight. The other colouring matter, which is red, is 
soluble in alkaline carbonates, and it is precipitated by 
means of an acid. A vegetable acid, as lemon juke* 
has been found to produce the finest colour. Next to 
this sulphuric acid produces the best effect, provided 
too great a quantity, which would alter and destroy the 
colour, be not employed. 

From the colouring matter extracted by means of an 
alkali, and precipitated with an acid, is procured die 
substance called rouge, which is employed as a paint for 
the skin. The solution of carthamus is prepared with 
crystals of soda, and precipitated with lemon juice which 
has stood some days to settle. 

Braxil wood is of very extensive use in dyeing. It is 
the wood of the caesalpmia crista, Linn, and is a na- 
tive of America and the West Indies. 

The colouring matter of Brazil wood is soluble in 
water, and the whole of it may be extracted by conti- 
nuing the boiling for a sufficient length of time. The 

decoction 
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decoction is of a fine red colour. The residuum, which 
is black, yields a considerable portion of colouring mat- 
ter to alkalies. This colouring matter is also soluble in 
alcohol, and in ammonia, and the colour is deeper than 
that of the aqueous solution. The tincture of Brazil 
wood in alcohol gives to hot marble a red colour, which 
afterwards changes to violet. The fresh decoction yields, 
with sulphuric acid, a small portion of a red precipitate 
bidiiiiugto fawn colour. Nitric acid first produces a yel- 
low colour, but by adding more, a deep orange. Oxalic 
add- pcoduces a precipitate of an orange red. Tartar 
furnishes a small precipitate : with the addition of fixed 
alkali, the decoction becomes of a deep crimson or vio- 
let colour. Ammonia gives a brighter purple; alum 
produces a copious red precipitate, inclining to crimson. 
Die decoction of Brazil wood, , which is called juice of 
Brazil, is found to answer better for the processes of 
dyeing, when it has been kept some time, and has, even 
undergone some degree of fermentation, than when . it 
has been. fresh prepared. The colour, by keeping, be- 
comes of a yellowish red. 

Logwood, sometimes called India or Campeachy 
wood, is a tree which grows to a considerable size in 
Jamaica, and die eastern Shore, of the hay of Campeachy. 
Its specific gravity is greater than that of water ; it has a 
fine grain, and is susceptible of a fine polish. Logwood 
yields its colouring matter 1 , which is a fine red, readily 
and copiously to alcohol. It is more sparingly soluble 
in water, and the decoction inclines a little to violet or 
purple. When it is left some time to itself, it becomes 
yellowish, and at length black. It becomes yellow also 
by the action of acids ; alkalies produce a deeper colour, 
and convert it to a purple or violet. 

.* * . ■ 1 : i 

Of Yellow. 

In dyeing yellow, it k necessary to employ mordants, 
because die affinity of.yeHow colouring matters for either 
animal or vegetable stuffs, is not sufficiently strong to 
produce durable colours. Yellow colours, therefore, 
belong td that class which Dr. Bancroft has denominat- 
ed adjective colours. 

The substances capable of giving’ a yeUow colour to 
different stuft are very numerous; they do not all' pro- 
duce similar quantities of colouring matter ; their dye is 
not equally free ; the colours they impart incline more 
or less to mange or green ; they possess various degrees 
of brightness and permanency, and differ considerably 
in price ; circumstances by which the choice of the dyer 
ought alwayfe to be regulated. But those commonly 
employed in dyeing yellow, are itetd, fustic, anotta, 
and quercitron bark. 

Of the substances employed in dyeing yeflOw.— Weld 
is a.plant which grows wild in Britain, and in different 
European countries. Its leaves are long, narrow, and 
of a bright green, but the whole plant is made use of in 
dyeing of yellow. There sure two kinds of weld, culti- 
vated and wild, the former of which is deemed more 
valuable than the latter, as it yields a much greater pro- 
portion of colouring matter. When this plant is fully 


ripe* it 1i pulled, dried, and bound op m bundles for 
the use of the dyer. The wild species grows higher and 
has a stronger, stalk than that which is cultivated, by 
which the one may be readily distinguished from die 
other. 

A strong decoction of weld is of a brownish yellow 
colour, and if very much diluted with water, the colour 
inclines to a green. An alkali gives to this decoctitin a 
deeper colour, and the precipitate it occasions is not 
soluble in alkalies. Most of the acids give it a paler 
tinge, occasioning a little precipitate which is soluble in 
alkalies. Alumina has so stfong an affinity for the co- 
louring matter of weld, that it can even abstract it from! 
sulphuric acid, and the oxide of tin produces a similar 
effect. 

Fustic is procured from a tree of considerable magni- 
tude, which grows in the West Indies. The wood is 
yellow, as its name imports, with orange veins. Ever 
since the discovery of America it has been used in dye-, 
ing, as appears from a paper in the IVansactioos of the 
Royal Society, of which Sir William Petty was the au^ 
thor. Its price is moderate, the colour it imparts is 
permanent, and it readily combines with indigo, which 
properties give it a claim to attention as a valuableingre? 
dient in dyeing. Before it can be employed as a dye- 
stuff, it must be cut into chips and put in a bag, that it 
may not fix in and tear the stuff, to which it is to im- 
part its colouring matter. 

When a decoction of yellow wood or fustic is made 
very strong, the colour is of a reddish yellow, and wheti 
diluted it is of an orange yellow, which it retulily yields 
to water. It becomes turbid by means of acids, its co- 
lour is of a pale yellow, aud the greenish precipitate 
may be re-dissolved by alkalies. The sulphates of zinc; 
iron, and copper, as well as alum, throw down precipi- 
tates composed of the colouring matter and the different 
bases of tW salts employed. 

Anotta is a species of paste of a red colour, obtained 
from the berries of the btxa orellana , Linn., which is a 
native of America. The anotta of commerce is import- 
ed from America to Europe in cakes of two or three 
pounds weight, where it is prepared from the seeds of 
the tree mentioned above ; but the Americans are said 
to be in possession of a species of anotta superior to that 
which they export, both for the brilliancy and perma- 
nency of the colour it * imparts. 1 They bruise the seeds 
with their hands moistened with oil, separating with a 
knife the paste as it is formed, and drying it in the sun; 
but the seeds are pounded with water when designed 
for sale, and allowed to undergo die process of ferment- 
ation. 

Anotta yields its colouring matter more readily to at 
cohol than to water, on which account it is used in yel- 
low varnishes, to which an orange tinge is intended to 
be given. Acids form a precipitate with a decoction of 
anotta of an orange colour, which is soluble in alka- 
lies, but solutions of common salt produce no sensible 
chabge. n 

Quercitron, as it is denominated by Dr. Bancroft, is 
4 B the 
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tbeyaercur mgr* o£ Luninas, ind » a lam tree wfakfa 
grows spontaneously in ffoidi America. The bark of it 
yidds a CGOsklerabk epianthy of colouring matter, which’ 
was first discovered by Dr. Bancroft in tbe year 1784, 
in whom the use and application of it in dyeing were 
exclusively rested for a certain term of years by virtue of 
an act of parliament 

Quercitron bark readily imparts its colouring matter 
to water at 10tf° of Fahrenheit which is of a yellowish 
brown, capable of being darkened by alkalies, and 
brightened by acids. 

Besides the substances already mentioned as employed 
in the dyeing of yellow, we may add saw-wort to the 
number, a plant which yields a colouring, matter nearly 
similar to that of weld, and may of consequence be used 
as a proper substitute. Dyer’s broom produces a yel- 
low of a very indifferent nature, and is therefore only em- 
ployed in dyeing stuffs of the coarsest kind. Turmeric 
is a native production both of the East nod West Indies, 
an d yields a more copious quantity of colouring matter 
than any other yellow dye-stuff; bat k will probably 
never be of any essential service in dyeing yellow, as no 
mordant has yet been discovered, capable of giving per- 
manency to its colour. 

Chamomile yields a faint yellow colour, the hue of 
which is siot unpleasant, but it is far from being durable, 
and even merdants are not capable of fixing it. 

Fenugreek yields seeds which, when ground, comma- 
ideate to stuffs a pale yellow of tolerable durability ; and 
die best mordants are found to be akun and muriate of 
soda, or common salt. 

In Switzerland and in England, die seeds of purpk 
trefoil am sometimes employed in the art of dyeing, on 
which Vojgler made a number of experiments, in order 
to ascertain what colours they would produce : and be 
found that a fine deep, yellow wob afforded fay a bath 
made of a solution of these aeeds with potash ; that eui« 
phuric acid, yielded a light yellow, and sulphate of cop- 
per or blue vitriol, a yellow inclining to green. M. 
Di 2 & informs us, that the seeds of trefoil impart to wool 
a beautiful orange-colour, and to silk a greenish yel- 
low ; and that while akurnng is necessary in the procere 
of dyeing with the seeds of trefoil, a solution of tin can- 
not be employed. 

Of Blu^. 

The next of the simple colours is blue. The only 
s ubst anc es which are used in dyeing blue, are indigo and 
wood. 

Indigo , was not used for the purpose of dyeing in Eu- 
rope, till near die middle of the loth century. A sub- 
stance is mentioned by Pliny, which was brought fiom 
India, and termed incUcum , which seems to have been 
the same as the indigo of the modems ; but k does not 
appear that either the Greeks or tbe Romans knew how 
to dissolve indigo, or its use in dyeing, although k was 
applied as.a paint. It was, however, know* long before 
as a dye in India. The first indigo which was enqdoy- 
ed for tbe purpose of dyeing by Europeans, was brought 


by tbe Dutch from India. One of die species of the 
plant from which k is obtained, was discovered by dm 
Portuguese in Brad, where k grows spontaneously, as 
wall as in other parts of America* Being afterwards 
successfully cultivated in Mexico, and some island* of 
the West indies, the whole of the indigo employ ad ia 
Europe was supplied from these countries. The indigo 
from the East Indies has, however, of late recovered 
ks character, and is imported into Britain in consider - 
able quantities. 

There are three species of die indigo plant, which am 
usually cultivated in Am erica. Tbe first ia the inefige- 
fern tmetoria , which besides being a smaller and less 
hardy plant, is inferior to the others on accoawt of its 
pulp, but as it yields a greater proportion, k is general- 
ly preferred^ The second is the imdigoferm d up e rma , 
or Guatimab indigo plant. This is a taller and hardier 
plant, and affords a pulp of a superior quality to the 
former. The third is the indigofera argmtea, which 
is the hardiest of the three species, and yields a pulp of 
the finest quality, though in smallest proportion. 

When toe indigo plant has arrived at maturity, it is 
out a few inches above the ground, disposed in strata in 
a large vessel or steeper, and being kept down with 
boards, is covered with water; and in this state k it left 
to ferment ti U thy pulp is extracted. The process com- 
mences by the evolution of beet, end tbe emission, of * 
great quantity of carbonic acid gas. When tbe ferment- 
ation has continued for a sufficient length of tune, which 
is known by die tops becoming tender and pale, the lb* 
quor, which is now of a green colour, is drawn off into 
barge flat vessels, called beaters, where it is agitated 
with buckets or other convenient apparatus, till bias 
Aocculae begin to appear. Tp promote this granulation 
or separation of the floccuhe, k is usual to add clear lime 
water tiff the hqnor in which they are suspended becomes 
quite colourless. The liquor, being sufficiently inpep 
anted with tbe lame water, is left at rest to allow tbe 
particles x>f the colouring, matter to precipitate? after 
which tbe supernatant liquor is drawn off, end the sed* 
meut collected into linen bags, which are suspended for 
some time, to let the water dram off. It is dien pot 
into square boxes, or. formed into lumps and dried in die 
shade. The indigo thus prepared is ia a state fit for the 
market. Indigo exhibits various shades of colour, 
which is abo owing to the mixture of foreign substances. 
Tbe most common shades ore blue, violet, and popper 
colour. 

The object of the processes that are followed in the 
manufacture of indigo, is to extract from tbe plants 
which yield it, a green substance, which is soluble in 
water. This substance, which has a strong afikuty for 
oxy g en , gradually attracts it from the air, becomes of a 
bine .colour, and is then insoluble in water. This ab- 
sorption b greatly promoted by agitation, for then a 
greater surface is exposed to tbe action of tbe air; and 
tbe lime-water, by com hieing with carbonic acid, which 
emsts.in the green matter, also promotes the separation 
of the inigt, 

Indigo 
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. Indigo is employed in dyeing, both inthe state of liquid 
Mae, or as a sulphate of indigo, from which it obtained 
the beautiful colour called Saxon blue, and also in the 
state of simple indigo, or the indigo of commerce. In 
cueing with indigo, it must be reduced to the eta^e of 
dm green matter as it exists in die photo, or when it ia 
first extracted from them. It mast be deprived of the 
oxygen, to the comhinatioa of which the blue colour is 
owing. In this state it becomes soluble in water by 
airanr of the alkalies. To effect this separation of the 
oxygen, the indigo mast be mixed with a solution of 
some substance which has a stronger affinity for oxygen 
ihma the green matter of indigo. Such substances are 
gram oxide of iron, and metallic snip berets. lime, 
green sulphate of iron, and indigo, are mixed together 
in water, and during this mixture the indigo is deprived 
of its bine colour, becomes green, and « dissolved, 
while the green omde of iron is converted into the red 
oaride. In this process, part of the lime decomposes 
the sulphate of iron, and as the green oxide is set at li- 
berty, it attracts oxygen from the indigo, and reduces it 
to the state of green matter, which is immediately dis- 
solved by the action of the rest of the lime. Indigo is 
also deprived of its oxygen, and prepared for dyeing by 
another process. Some vegetable matter is added to 
the indigo mixed with water, with the view of exciting 
fermentation, and quick lime or an plksii is added to the 
solution, that the indigo, as it is converted into the green 
•miter, may Jbe dissolved. 

Another plant,' known under the name of pastel, or 
Wood, is employed lor dyeing blue, which is cultivated 
ia Ranee ami in England. When the plant has reached 
nurturity, it is cut down, washed ias. river, and speedily 
dried in the sun. It is then ground in a mill, and re- 
duced to a paste, which is formed into heaps, covered 
up to protect them from the rain, aqd at the end of a 
fortnight the heap is opened, to mix the whole well to- 
gether. It is attervmrds formed into found balls. Which 
are exposed to the wind and sun, that the moisture may 
be evaporated. The balls are heaped upon One ano- 
ther, become gradually hot, and exhale the smell of 
ammonia. To promote the fermentation, which is 
stronger in proportion to fee quantity heaped up, and 
the temperature, of the season, the heap is to be sprin- 
kled with water till it falls down m the state of coarse 
powder, in which state it appears in commerce. The 
blue colour obtained from woad is very permanent, but 
has little lustre. 

Of Black. 

The next of the aimple colours is black. Of the sub- 
stances employed m dyeing black. — There are few sub- 
atauces which have the property of producing a perma- 
nent black colour, without any addition. Tbejuiceof 
mm$ plants produces this effect on cotton and been. A 
black colour is obtained from the juioe of the cashew 
out, which will not wash out, and even resists the pro* 
•ess of boiling with soap or alkalies. The cashew nut 
of India is employed for marking linen. That of the 
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West Indies also yields* perns town t dye, but the colour 
has a brownish shade. The juice of some other plants, 
as diet of the toxicodendron, or sinus, affords a durable 
blueieh black colour; but these substances cannot be 
obtained insufficient quantity, even if they afforded co- 
lours equal to these produced by the common pray 
ceases. 

; The principal substances which are employed to give 
a black colour are gall nuts, which contain the astringent 
principle, or tan, end the red oxideof iron. The Meek 
colour is produced by the combination of the astringent 
principle with the oxide of iron, held in solution by an 
acid, and fixed on the stuff. When the particles ' are 
precipitated from the mixture of tail and a solution of 
iron, they have only a blue colour ; but after they are 
exposed for some fee to the sir, and moistened witty 
water, the colour becomes deeper, althmgb the blue 
shade is still perceptible. After the pa r ti c le s are fixed 
on die stuff, me shade becomes much deeper. 

Logwood is not to be considered as affording a black 
dye, but it is much employed tp give a lustre to Mack 
colours. We have already described its nature and pro- 
perties, among the substances from which red colouring 
matters are obtained. 

Black colours are rarely produced by a simple com- 
bination between the colouring matter and the stuff; but 
are usually fixed by means of mordants, as in the case of 
the black particles which are the result of a combination 
of the astringent principle and the oxide’ of iron, held in 
solution by aa acid. But when the particles are preci- 
pitated from the mixture of au astringent end a solution 
«f iron, they have only a blue colour. By being expos- 
ed to the air, and moistened with water, the colour 
becomes deeper, although the blue shade is still percep- 
tible. - No fine black colour is ever obtained, unless the 
stuffs are freely exposed to £he air. la dyeing black, 
therefore, the operations must be conducted at different 
intervals. BertboUet has observed that black stuffs, 
when brought in contact with oxygen gas, diminish its 
volume, so that some portion of it is absorbed. 

Of Browk. 

The last of the simple colours is brown. This is also 
known under the name of fawn colour. It is that brown 
colour which has a shade of yellow, and might perhaps 
be considered as a compound colour, although it is 
communicated to stuffs by one process. 

Qf the substances employed in dyeing brown.— The 
vegetable substances which are capable of inducing a 
fawn or brown colour on different stuffs, are very nu- 
merous, but those chiefly employed for this purpose are 
walnut peels and sumach. The peels constitute die 
green covering of the nut ; they are internally of a white 
colour, which is converted into brown or black by expo- 
sure to the *ir. The skin, when impregnated with the 
juice of walnut peels, becomes of a .brown or almost 
Mack colour. When the inner part of the peel, taken 
fresh, is put into weak oxymuriadc acid, is assumes a 
I brawn colour. If the decoction of walnut peels be fil- 
1 tered 
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Herod and exposed to the air, its colour becomes of a 
deep brown ; the pellicles, on evaporation, are almost 
black ; the liquor detached from these yields a brown 
extract completely soluble in water. The' colouring 
particles are precipitated from a decoction of walnut 
peels, by means of alcohol, and theyAre soluble in wa- 
ter. No apparent change is at first produced by a so- 
lution of potash, but it gradually becomes turbid, and 
the colour is deepened. A copious precipitate of a fawn 
colour, approaching to an ash colour, is produced in a 
decoction of walnut peels, by means of a solution of 
tin, and die remaining liquor has a slightly vellow tinge, 

A decoction of walnut peels yields a small quantity of 
fawn-coloured precipitate by means of a solution of alum, 
and the liquor remains of the same colour. The same 
properties are exhibited by a decoction of the walnut- 
tree wood, but die colouring matter is not obtained from 
it in such abundance as from the peels ; and the bark 
may also be used with advantage in dyeing. 

The affinity of the colouring matter of walnut peels 
for wool is very strong; and it readily imparts to it a 
durable colour, which even mordants do not seem ca- 
pable of increasing, but they are generally understood to 
give it additional brightness. A lively and veiy rich co- 
lour is obtained with the assistance of alum. Walnut 
peels afford a great variety of pleasing shades, and as 
they require not die intervention of mordants, the soft- 
ness of the wool is preserved, and the process of dyeing 
becomes both cheap and simple. 

Walnut peels are not gathered till the nuts are com- 
pletely ripe, when they are put into large casks, along 
with as much water as is sufficient to cover them. When 
Used in dyeing at the Gobelins in Paris, Berthollet in- 
forms us, they are kept for upwards of a year, and very 
extensively used ; but if not made use of till die end of 
two years, they yield a greater quantity of colouring 
matter, at which time their odour has become peculiarly 
disagreeable and fetid. The peels, separated from the 
nuts before they arrive at maturity, may likewise be used 
in dyeing, but in this state they do not keep so long. 

Sumach is a shrub produced naturally in Palestine, 
Syria, Portugal, and' Spain, being carefully cultivated 
in the two last of these countries. Its shoots are annu- 
ally cut down, dried, and reduced to powder in a mill, 
by which process they are prepared for the purposes of 
dyeing. 1 

The infusion of sumach, which is of a fawn colour 
with a greenish tinge, is changed into a brown by expo- 
sure to the air. A solution of potash has litde action on 
the recent infusion of sumach ; its colour is changed to 
ydlow by the action of acids ; the liquor becomes turbid 
by means of alum, a small quantity of precipitate being 
at the same time formed, and die Supernatant liquor re- 
maining yellow. ' 

The bark of the birch-tree ( bettda alba , Linn.) yields 
a decoction of a clear fawn colour, but it soon becomes 
turbid and brown. - The addition of a solution of alum 
in the open air, produces a copious yellow precipitate ; 
a solution of tiu gives also a copious precipitate Of a I 


clear yellow colour. With solutions of iron, the decoc- 
tion of the birch-tree strikes a black colour, and it dis- 
solves in considerable quantity the oxide of iron, but in 
Smaller proportion than the decoction of walnut peels. 
On account of this property it is employed in the. pre- 
paration of black vats for dyeing thread. . 

Saunders, or sandal wood, is also employed for the 
purpose of giving a fawn colour. There are three kinds 
of sandal wood, the white, the yellow, and the red. 
The last only, which is a compact heavy wood, bropgbt 
from' the Coromandel coast, is used in dyeing. By ex- 
posure to the air it becomes of a brown colour ; when 
employed in dyeing, it is reduced to fine powder, and 
it yields a fawn colour with a browifish shade, iDclitnng 
to red. - But the colouring matter which it yields of it- 
self is in small quantity, and it is said that, it gives* 
harshness to woollen stuffs. When < it is mixed .with 
6ther substances, as sumach, walnut peels, or galls, the 
quantity of colouring matter is increased ; it gives a . more 
durable colour, and produces considerable modifications 
in the colouring matter with which it is mixed. Sandal 
wood yields its colouring matter to brandy, or diluted 
alcohol, more readily than to water. ; - j. - * 

Having given some account of the general principles 
of dyeing, and of the substances made use of, we 
shall now confine ourselves chiefly to those facta that 
may be useful to private persons and families in the 
common coocerns of life. i . .* 

Two distinct manufactures belong to the subject of 
dyeing, the one is the art of giving an uniform coloor to 
an entire piece of stuff; the other is the art "of fixing 
various coloured patterns on an uniform ground, which 
being chiefly emUM^d on cotton and calico, is called 
calico-printing. Tire fundamental principles of each arty 
as far as relates to the chemical action of die fibres of 
the stuff upon th^ different dyes and their mordapts, is 
the same, but d£particular modes of application wide- 
ly differ. WcqHtoll now, as we have already ob- 
served, mentiouS'me of the more simple processes 
in die business dyeing, after which, we shall give 
an account of the art of calico-printing. The pro- 
cess of dyeing in the piece consists of a few simple ope- 
rations, repeated two, three, or more times, according 
to circumstances, with many minute variations in die 
temperature, time of immersion, &c., according to the 
nature of die stuff, aad the colour to be given, by roles, 
which, after all, experience and practice, alone can 
teach. Our authorities will be the. best that .we 
can select from, viz. Berthollet, Bancroft, Hellot, 

| Chaptal : die Encyclopedia Britannica ; the British En- 
cyclopedia, Aikin’s Dictionary of Chemistry, and other 
works of established merit. It must, however, not be 
forgotten, that die variety in the processes actually used 
is almost endless : every dyer, whether on the small- or 
large scale, having his particular receipt, in which slight 
variations in the quantity or quality of ingredients, the 
time or order of application, and other minute circum- 
stances, are found to render the colour somewhat more 
or less fall, durable, glossy, &c. - - - * * 
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Tiemode of dyeing Silk or Worsted of a fine « 
Carnation Colour . — First take, to each, pound off 
silk, four handfuls of wheaten bran; put it into two 
pails of water ; boil it ; pour it into a tub, and let it 
stand all night ; then take half the quantity of that water, 
nod jtot into it half a pound of alum, a quarter of a 
pound of red tartar, beaten to a fine powder, and half 
$n ounce of finely powdered turmeric ; boil them toge- 
ther, and stir them well about with a stick ; after they 
have boiled for a quarter of an hour, take the kettle off 
the fire ; put in the silk, and cover the kettle close, to 
prevent the steam from flying out : leave it thus for three 
noun; then rinse your silk in cold water, beat and 
wring it on a wooden pin, and hang it up to dry. Then 
tpke a quarter of a pound of powdered gall-nuts, and 
put the powder into a pail of river water ; boil it for one 
hour ; then take off the kettle, and when you can bear 
your hand in it, put in your silk, and let it lay an hour, 
then take it out, and hang it up to diy. When the silk 
ift dry, and you would dye it of a crimson colour, weigh 
to each pound of silk, three quarters of an ounce of 
finely powdered cochineal ; then put it in the pail with 
the remaining lye, and having well mixed it, pour it 
into a kettle ; when it boils, cover it well, to prevent 
*ny dust falling into it. 7 After you have put in three 
quarters of a pound of alum, and two ounces and a half 
of tartar, both finely powdered, let it boil for a quarter 
of an hour ; then take it off the fire ; let it cool a little, 
and put in the silk ; stir it well with a stick, to prevent 
its being clouded ; and when cool, wring it out. If the 
colour is not deep enough, hang the kettle again over 
die fire ; and when it has boiled, and is grown lukewarm 
again, repeat the stirring in of the silk ; then hang it 
upon a wooden pin fastened in a post, and wring and 
beat it with a stick ; after this, rinse die dyed silk in hot 
lye, wherein, to one pound of silk, dissolve half an 
ounce of Newcastle soap ; afterwards rinse it in cold 
water. Hang the skeins of silk on a w ooden pin, put- 
ting a little handstick to the bottom part, and thus hav- 
ing worked it, wring it and beat it round, and hang it 
to dry. 

. Another method of dyeing Silk a Crimson Red . — 
Take of good Roman alum, powdered, half an ounce ; 
t artar , powdered, one ounce ; sulphuric acid a quarter 
of m ounce ; put them into a pewter kettle, and pour 
as much water on diem as is sufficient for half an ounce 
of the silk you purpose dyeing ; when it is ready to boil, 
pot in the silk, which before you must boil in bran ; 
boil it for an hour, or more ; then wring it out, and put 
to die liquor half an ounce of cochineal, finely powder- 
ed, and sixty drops of sulphuric acid; when ready to 
bod, put in the silk again, and let it soak for four hours ; 
then take clean water, drop into it a little of this acid ; 
rinse therein the silk ; take it out again, and dry it on 
Sticks in the shade. This >. ill be a nigh colour : but if 
you would have it of a deep crimsoq, take, instead of 
sulphuric acid, pure water of ammonia, to rinse your 
silk in. 

General Observation* in dyeing Crimson , Scarlet , 


m 

or Purple.— 1st. Your boiler or kettle murftbfc of good 
pewter, quite clean, and free from any sod or greases 
2d. The prepared tartar must be put in when the water 
I is lukewarm. 3d. If you intend to dye woollen or worst- 
! ed yarn, you may put k in the first boiling, and let it 
boil for two hours. 4th. When boiled, take it out, 
rinse it, clean the kettle, and put in the water for the 
second boiling. 5th. This second boiling is performed 
in the same manner as the first ; then put in cochineal, 
finely powdered ; when it boils, stir it well about. 6th. 
Now the silk, which before has beeu washed and cleans- 
ed in the first lye, is to be put in, on a winch, which is 
continually turned about, in order to prevent the colours 
from fixing in clouds. 7th. When the colour is to your 
mind, take it out ; rinse it clean, and hang it up in a 
room, or a shady place, where it may be free from dust. 
8th. When the acid is put into the second boiling, it 
quises a coarse froth to swim at top, which you must 
carefully take off. 

Of Scarlet Dyeing. „ 

Scarlet dyeing, in general, is a distinct and separate 
branch of trade, the materials being of that delicate kind 
as easily to be injured by any accidental admixture of 
other colours, and part of the apparatus being some- 
what different from comraou dyeing. The boiler, in 
which the cochiueal bath is made, is generally of tin or 
strongly tinned copper; because a solution of tin is the 
mordant employed in the process, and therefore no mis- 
chief can arise from its being in contact with the same 
metal. The wat^r made use of must be soft and pure, 
hard water having a tendency to produce a rose-colour, 
which, however, is corrected by boiling bran or starch 
in it. The infusion of cochineal is naturally of a fine 
crimson, and with a mordant it fixes on woollen and 
silk with great firmness, but weakly and with consider- 
able difficulty on linen and cotton. Alum was the first 
employed to fix the colour of cochineal on wool. It 
does sensibly alter the natural tint, and it gives a deep 
and durable crimson. It will even restore the crimson 
to cloth dyed scarlet by the compound tin mordant. 
The effect of tin in heightening the colour of cochineal 
was discovered by a German chemist, named Kuster, 
who was settled at Bow in the vicinity of London, about 
the year 1543, and on this account scarlet is called the 
Bow-dye in this country. 

Woollen cloth is usually dyed scarlet in two opera- 
tions, though a single one will suffice, but in general it 
is less convenient 

To dye 100 lbs. of wool or woollen cloth Scarlet. 
— Take 8 or 10 pounds of tartar, put diem into the 
boiler with a sufficient quantity of eoft water, and six or 
eight ounces of cochineal. Afterwards 10 or 12 pounds 
of the nitro-muriate of tin are to be added, and when 
the mixture is ready to boil, the cloth, previously wet- 
ted, is put into die dyeing liquor, turned through it by 
a winch for an hour and a half, the liquor being kept 
boiling the whole time. The cloth is then taken out 
and rinsed, and is found by this first process to have ac- 
4 C quired 
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paired a flesh colour. The boiler is now emptied, and II 
again filled with fresh water, and when nearly boiling, 
from five to six pounds of cochineal are thrown in, and 
well stirred ; after which ten pounds more of the solu- 
tion of tin are added, and the cloth is then put in, and 
turned through the boiling liquor, at first briskly, and 
then slowly for half an hour. It is then washed and 
dried in the usual manner. The proportion of cochineal 
to dye a full scarlet, is an ounce to a pound of cloth ; 
hence, from the high price of this article, the cochineal 
dye is one of the most expensive of all the processes in 
the whole art of dyeing. 

When a bright flame-coloured scarlet is wanted, a 
little yellow fustic is added to the first bath, or else 
some turmeric is added to the cochineal in the second. 

The ease with which alkaline and earthy salts coun- 
teract the yellow’ part of these colours, causes thp scar- 
let cloth to be changed more or less to a rose or crim- 
son by fulling . If the scarlet, when finished, has too 
much of an orange tint, this may be corrected by after- 
wards boiling the cloth in a hard water, or one that 
contains an earthy salt. After the full scarlet has been 
given to the cloth, the liquor still retains part of the co- 
chineal, with a large portion of the mordant, and this is 
used for the lighter dyes ; or, with the addition of fustic, 
madder, and other ingredients, it is employed for a vast 
variety of mixed, or, as they are called, degraded reds, 
orange, &c. 

To dye a pound of wool Scarlet . — Boil it in a tin 
vessel, with something less than a quart of water: three 
drams of tartar, and an ounce and a half of cochineal : 
when the ebullition' begins, add an ounce and a half of 
tin, and the whole to be boiled a quarter of an hour ; 
the vessel is then taken from the fire, and the solution 
poured into a large caldron of boiling water, at the 
instant the cloth is immersed in it. 

Dr. Bancroft recommends a method of dyeing scarlet 
in which a much smaller portion of cochineal produces 
an equal effect. He imagined scarlet, from his experi- 
ments, to be a compound colour, caused by about 
three-fourths of crimson or rose colour, and one-fourth 
of pure bright yellow. Hence he infers, that when the 
natural crimson of the cochineal is made scarlet by the 
usual process, a fourth of the colouring matter of the 
cochineal must be changed from its natural crimson to a 
yellow colour, by the action of the solution of tin. On 
this account, he introduced a bright yellow dye into the 
bath with the cochineal, and reduced the quantity of this 
more expensive ingredient. He found that a mixture of 
two pounds of sulphuric acid with three pounds of mu- 
riatic acid poured on fourteen ounces of granulated tin, 
with exposure to heat, produced a solution of tin, that 
* had twice the effect of the common nitro-muriatic solu- 
tion, at less than one-third of the expense, and which 
raised the colours more, without producing a yellow 
shade. For the yellow dye this excellent chemist used 
quercitron bark. 

The Dutch manner of dyeing Scarlet . — Boil the 
xkrth in water, with alum, tartar, rock salt, nitric acid, 


and pea flowers, in a pewter kettle ; then put into the 
same kettle, starch, tartar, and cochineal, finely pow- 
dered, stirring or turning the cloth well about ; thus you 
may, by adding more or less cochineal, raise the colour 
to what height you please. 

General Observations for dyeing Cloth of a Red or 
Scarlet colour . — 1st. The cloth must be well soaked in 
a Jye made of alum and tartar ; this is commonly done 
with two parts of alum and one part of tartar. 2d. For 
strengthening the red colour, prepare a Water of brim or 
starch : bran water is thus prepared ; take five or six’ 
quarts of wheaten bran; boil it over a slow fire in rain- 
water for a quarter of an hour, and jben put it, with 
some cold water, into a small vessel, mixing it up with 
a handful of leaven (the sourer it is made the better) ; 
this causes the water to be soft, and the cloth to become 
mellow : it is commonly used in the first boiling, and 
mixed with the alum water. 3d. Agaric, is an ingre- 
dient used in dyeing of red9, but few dyere can give any 
reason for its virtue : as it is of a dry and spongy nature, 
it may reasonably be supposed, that it contracts the 
greasiness which may happen to be in the dye. 4th. 
Arsenic is a very dangerous ingredient ; nitric or muria- 
tic add may supply its place as well. 5th. Scarlet is a 
variety of crimson colour : the nitric ' acid is the chief 
ingredient in the change ; this may be tried in a wine 
glass, wherein a deep crimson colour is put : by adding 
drops of nitric acid to it, it will change into a scarlet 
6th. Observe that you always take one part of tartar to 
two parts of alum ; most dyers prefer the white to the 
red tartar ; but, however, in crimson colours, and others 
that turn upon the brown, the red tartar is chosen by 
many as preferable to the white. 

To prepare the Cloth for dyeing of Scarlet . — First, 
take, to one pound of cloth, one part of bran water and 
two parts of river water ; put into it two ounces of alum 
and one ounce e# tartar ; when it boils and froths, skim 
it, and put in the doth ; turn it therein for an hour; 
then take it out atl^jrinse it 

To dye Cloth of a common Red . — Take, to twenty 
yards of cloth, three pounds of alum, one pound and a 
half of tartar, and one-third of a pound of chalk ; put 
them into a kettle with water, and boil them ; take six 
pounds of good madder, and a wine-glassful of vinegar; 
let them be warmed together ; put in the doth, and' 
turn it round upon the winch till you observe it red 
enough ; then rinse it out, and it will be of a fine red. 

Another method . — Take four pounds of aluib, two 
pounds of tartar, four ounces of white lead, and half a 
bushel of Wheaten bran ; put these ingredients, together 
with the cloth, into a kettle ; let it boil for an hour and 
a half, and leave it to soak all night ; then rinse it, and 
take, for the dye, one pouud of good madder, two 
ounces of Orleans yellow, one ounce and a half of tur- 
meric, and two ounces of nitric acid : boil them : turn 
the cloth with a winch for three quarters of an hour, and 
it will be a good red. 

To dye a Crimson with Archil . — Put cleaih water 
into the kettle, and to each pound of silk take twelve 

ounces 
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ounces of archil ; in this turn your silk, and wring it 
oat ; then dissolve, to each pound of silk; a quarter of 
a pound of alum, and as much white arsenic ; in this 
liquor put the silk all night to soak, then wring it out; 
this done, take to. each pound of silk two ounces of 
cochineal, two ounces of galls, two ounces of gum, 
with a little turmeric: in this boil the silk for two 
hours; let it soak all night, and in the morning rinse it out. 

To due Wonted , Stuff] or Yarn of a Crimson Co- 
lour . — Take, to each pound of worsted, two ounces of 
alum, two ounces of white tarter, two ounces of nitrous 
acid, half an ounce of pewter, quarter of a pound of 
madder, and a quarter of a pound of logwood; put 
them together in fair water, boiling the worsted therein 
for a considerable time : then take it out, and when cool 
rinse it in clean, water ; then boil it again, and put to 
each pound of worsted a quarter of a pound of log- 
wood. 

Another Method . — Take, to eight pounds of worst- 
ed, six gallons of water, and eight .handfuls of wheaten 
bran, let them stand all night to settle ; in the morning 
poor it clear off and filter it ; take thereof half the 
quantity, adding as much clear water to it ; boil it up, 
and put into it one pound of alum, and half * pound of 
tartar ; then put in the worsted, and let it boil for 
two hours, stirring it up and down aU the while it is 
boiling with a stick. Then boil the other half part of 
your bran water, mixing it with the same quantity of 
fur water as before ; when it boils, put into it four 
ounces of cochineal, two ounces of finely powdered 
tartar; stir it well about,, and when it has boiled for a 
little while, put in your stuffs : keep stirring it from one 
end of the kettle to the other with a stick, or turn it on 
a winch till yon see the colour is to your mind ; then 
take it out of the kettle, let it cool, and rinse it. in fair 
water. 

Another for Si/A-— Take, to each pound of silk, a 
quarter of a pound of powdered Brasil wood; boil it j 
up, and strain it through a sieve into a tub, and pour 
water to it till it is just warm : in this, turn your silk, 
which before has been prepared as has been directed ; 
and when all the strength is drawn out, rinse, wring, 
and dry it. 

Crimson may be produced either by dyeing the 
wool this colour at once, or by first, dyeing scarlet and 
then changing the shade to that required. To dye 
crimson by a single process, somewhat different from 
that which has been described : a solution of two 
ounces and a half of alum, and an ounce and a half of 
tartar are employed for every pound of stuff, for each 
of which an ounce of cochineal is afterwards used in 
dyeing. A solutibu of tin may be employed, but in 
smaller proportions than for the dyeing of scarlet.. To 
render the crimson deeper, and give it more bloom, 
archil, as we have seen, and potash are frequently used, 
but this bloom is extremely fugacious. Scarlet gives a 
crimson by means of alkalies, alum, and earthy salts. 
Crimson is the natural colour of the cochineal, and to 
produce it froma stuff dyed scarlet the stuff is boiled an 
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hour in the solution of alum, the strength of which is 
to be regulated by the depth of the shade required. 

To dye a Jine Carnation.—' T ake, to each pound 
of silk, after it is rinsed aud dried, four pounds of saf- 
flower: put die safflower in a bag, and wash it in 
clean water till the water comes clear from it; then 
take the safflower out of the bag, press it between your 
hands, and rub it asunder in a clean tub; take to each 
pound of silk four ounces of potash ; work it well to* 
gether with the safflower; divide it into two parts; 
pour one part thereof into a close sack, that will 
keep the pot-ash from coming out, otherwise it will 
make the silk speckled; pour clear water over to draw 
the strength out of the safflower ; then take, to each 
pound of silk, a quarter of a pint of lemon juice, di- 
vide that also into two parts, and put each to the two 
quantities of safflower; hang your silk well dried on 
clean sticks, and dip- it in the first part of the liquor 
continually for an hour; then wring it well out and 
hang it again on sticks ; having prepared the other part 
of the safflower as you did the first, dip it therein as 
before for the space of an hour ; then wring it well and 
hang it up to dry in the shade, and you will have a fine 
colour. 

A Carnation for Woollen, — Take four ounces of # 
ceruss, three ounces and a half of arsenic, one pound of 
burnt tartar, one pound of alum; boil your stuffs with 
these ingredients for two hours; then take them out 
and hang them up ; the next mornipg make a dye of 
two pounds of good madder, two ounces of turmeric; 
and three ounces of aqua-fortis. 

To dye a Carnation on Silk or Cotton. — Take 
three pounds of alum, three ounces of arsenic, and 
four ounces of ceruss ; boil your silk or cotton therein 
foran hour; then take it out and rinse it in fair water; 
after which make a lye of eight pounds of madder, and 
two ounces of muriate of ammonia ; soak the silk or 
cotton therein all night; boil it a little in fair water; 
aud put iuto it one ounce of pot-ash ; * then pour in 
some of the lye, and every time yon pour the colour 
will grow the deeper, so that you may bring it to what 
degree you please. 

Another Method . — Take, to one pound of silk, cotton, 
or yam, one ounce of tartar, and half an ounce of whito 
starch, boil them together in fair water; then put in one 
quarter of an ounce of cochineal, a quarter of an ounce 
of starch, and a quarter of an ounce of pewter dissolved in 
half an ounce of aqua-fortis, and mixed with fair water j 
when the water with the starch and tartar has boiled 
for some time, supply it with the cochineal and the 
above aqua-fortis; put in your silk or whatever you have 
a mind to dye, and you will have it of a fine colour. 

Another Method . — Take one ounce of tartar ; starch 
and lemon juice, of each half an ounce ; cream of tar- 
tar a quarter of an ounce ; boil them together in fair 
water, adding a quarter of an ounce of turmeric: put 
iq half an ounce of cochineal, and, a little while after, 
one ounce of aqua-fortis, in which you have dissolved a 
quarter of an ounce of pewter, then putin your silk. 
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Method of dyeing Broad Cloth of a Carnation 
colour . — Take liquor of wheaten bran, three pounds of 
alum, tartar two or three ounces ; boil them, and then 
immerse in it twenty yards of broad cloth : after it has 
boiled three hours, cool and wash it ; take fresh clear 
bran liquor in sufficient quantity, and five pounds of 
madder, boil as usual. 

Of dyeing blue. — Blue may be dyed by woad 
alone, which would give a permanent, but not a deep 
blue ; but if indigo be mixed with it a very rich colour 
will be obtained. The following is a method : 

Of preparing a blue Vat . — Into a vat about seven 
feet and a half deep, and five and a half broad are to be 
thrown about 400 lbs. of woad brokenin pieces. Thirty 
pounds of weld are boiled in a copper about three 
hours, in a sufficient quantity to fill the vat ; when, this 
decoction is made, twenty pounds of madder and some 
bran are to be added, and it is then to be boiled half 
an hour longer. This bath is to be cooled with twenty 
buckets of water ; and after it is settled, the weld is to 
be taken out, and it is to be poured into the vat: all the 
time it is running into the vat, and for a quarter of an 
hour longer, it is to be stirred with a rake. The vat 
is then covered up very hot and left to stand six hours, 
when it is raked again for half an hour, and this opera- 
tion is repeated every three hours. When blue veins 
appear on the surface of the vat, eight or nine pouuds 
of quick-lime are thrown in: at the same time, or im- 
mediately after, the indigo is put into the vat, being first 
ground fine in a mill with the least possible quantity of 
water. When diluted to the consistence of thick pap, 
it is drawn off at the lower part of the mill, and thrown 
into the vat. The quantity of indigo depends on the 
shade of colour required. A vat which contains no 
woad is called an indigo vat The vessel used for this 
preparation is of copper, into which is poured water, 
in, the proportion of 130 gallons of this, six pounds of 
potash, twelve ounces of madder and six pounds of bran 
have been boiled : six pounds of indigo ground in water 
are then put in, and after carefully raking it the vat is 
covered, and a slow fire kept round it. Twelve hours 
after it is filled, it is to be raked a second time, which 
is to be repeated at similar intervals of time, till it 
comes to a blue, which will generally happen in forty- 
eight hours: if the bath be well managed it will be of 
a fine green covered with coppery scales, and a fine 
blue scum. In this vat the indigo is rendered soluble 
in the water by the alkali instead of the lime. 

A second method for preparing a blue Vat . — Heat 
soft water in a kettle ; put into it four or five handfuls 
of wheaten bran, together with four pounds of potash ; 
when that is dissolved, boil it for an hour and add four 
pounds of madder ; with this boil it for an hour longer, 
then pour the water into the vat ; do not fill it by the 
height of a foot, and cover your vat; then set it with 
indigo and woad, of each six pounds, and two pounds 
of potash ; put this into a small kettle in warm water, 
set it on a slow fire and let it boil gently for half an 
hour, stirring it all the while ; then pour that to the 


other liquors already in the vat To set a vat with 
indigo only, yon must bod the fust lye with potash, 
four or five handfuls of bran, and half or three quarters 
of a pound of madder ; this boil a quarter of an hour, 
and when settled it will be fit for nse. Then grind your 
indigo in a bowl with an iron smooth ball very fine, 
pouring on some of die lye and mixing it together : 
when settled, pour the clear into the blue vat ; and, on 
the sediment of the indigo, pour again some of the lye; 
this you should repeat till you see the blue tincture is 
extracted clearly from it. It is to be observed, that 
the madder must be but sparingly used, for it only altera 
die colour and makes it of a violet blue, which, if you 
design to have,* cochineal is the fitter for. The mixed 
colours in blue are the following: dark bine, deep 
blue, high blue, sky blue, pale blue, dead blue, and 
whitish blue. By mixingof blue and crimson, purple, co- 
lumbine, amaranth, and violet colours are produced ; and 
from those mixtures may also be drawn the pearl, silver, 
gridlin, &c. colours. From a middling blue and crim- 
son are produced the following colours, viz. the pansy, 
brown grey, and deep brown. Care must be taken 
that in setting the blue vat you do not overboil the lye, 
by which the colour becomes muddy and changeable; 
be also sparing of the potash, for too much gives the 
blue a greenish and false hue. 

Directions for setting another Blue Vat ; with ob- 
servations upon the management, both for Silk and 
Worsted . — Take half a bushel of dean beech ashes, well 
sifted ; of this make a lye with three pails of river or 
rain water ; pour it into a tub, and put in two handfuls 
of wheaten bran, two ounces of madder, tyro ounces of 
white tartar finely powdered, one pound of potash, 
half a pound of indigo, pounded; stir it all well toge- 
ther once every twelve hours, for fourteen days suc- 
cessively ; when the liquid appears green on the fingers 
it is fit for dyeing ; stir it every morning, and when 
done cover it. When you are going to dye silk, first 
wash the silk in a fresh warm lye; wring it out, and dip 
it into the vat. You may dye it of what shade you 
please, by bolding it longer or shorter in the dye. When 
the colour is to your mind, wring the silk ; and having 
another tub ready at hand with a clear lye, rinse your 
silk ; then wash and beat it in fair water, and hang it 
up to dry. When the vat is wasted, fill it with the lye ; 
but if it grows too weak, supply it with half a pound of 
potash, half a pound of madder, one handful of wheaten 
bran, and half a handful of white tartar ; let it stand 
for eight days, stirring it every twelve hours, and it 
will be again fit for use. 

Another Method for Woollen.— Fill a kettle with 
water, boil it up, and put potash into it ; after it has 
boiled wijh that a little, put in two or three handfuls of 
bran; let it boil for a quarter of an hour and then 
cover it ; take it off the fire, and let it settle. Pound 
indigo as fin# as flour ; then pour the above lye to it, 
stir and let it settle, and pour toe clear lye into the vat ; 
then pour more lye to the sediment, stir it, and when 
settled, pour that iuto the vat also ; repeat this till the 
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iogjgo is wasted. Or, take, to a quarter of a pound of 
indigo half a pound of potash, a quarter of a pound of 
madder, three handfuls of borax ; let them boil for half 
an hour, and then settle ; with this lye grind your indigo i 
in a copper bowl ; put this in an old vat of indigo, or 
on a new one of woad, and it will make it fit for use 
in twenty-four hours. 

. Hellot describes two vats, in which the indigo is 
dissolved by means of urine. Madder is added to 
them ; in the one vinegar is put, in the other alum and 
tartar, of each an equal weight to the indigo. It is 
probable the indigo is dissolved in them by the ammo- 
nia formed in the urine. 

To dye Saxon blue. — Take four parts of sulphuric 
acid and pour them on one part of indigo, in fine pow- 
der : let the mixture be stirred some time, and having 
stood twentyrfour hours, one part of dry potash in fine 
powder is added : the whole is to be again well stirred, 
and having stood a day and night, more or less water is 
added gradually. This colour derives its name from 
having been discovered at Grossenhayn, in Saxony, by 
the chemist Barth. To dye cloth with it, it must be 
prepared with alum and tartar: a greater or less pro- 
portion of indigo is put into the bath, according as the 
shade required is deep or light : for deep shades the 
stuff must be passed several times through the bath : 
lighter shades may be dyed after the deep ones, but they 
have more lustre when dyed in a fresh bath. 

According to Chaptal, when wool is to be dyed in a' 
blue vat, the operator fixes to the sides of the vat 
iron or copper hoops, which are fastened with cords 
to the hooks on the sides of the vat ; the inner sides of 
these hoops are furnished with a net, and when wool is 
to be dyed, he puts above it another net thicker than the 
former. These preparations, are necessary to prevent 
the cloth coming into contact with, or disturbing the 
deposition at the bottom of the vat. When the cal- 
dron is thus furnished, the stuff previously wrung out 
of tepid water , is put into it, and kept a longer or 
shorter time according to the degree of strength that is 
to be imparted to the colour. When taken out, it is 
wrung above the copper and exposed to the air. .The 
green colour which it has imbibed in the bath is 
instantly changed by the action of the atmosphere. In 
dyeing Saxon blue according to this chemist, a mordant 
is used of three ounces and three quarters of alum and 
two ounces and a quarter of cream of tartar to one 
pound and a quarter of cloth. After being boiled in 
this composition an hour, the stuff is left in it about 
twenty-four hours longer. The colour bath is pre- 
pared by pouring into boiling water an ounce, or rather 
less, of the solution of indigo in sulphuric acid to one 
pound and. a quarter of cloth, which is boiled in it 
twenty or thirty minutes, and after being taken out it 
is carefully washed. 

Dark blues cannot be produced in the indigo vat: 
to obtain the Turkish blue, which is the deepest of all, 
it is necessary to immerse the silks in a very strong warm 
bath of savory before putting it into the vat. Royal 
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| Blue is also very deep and permanent,* and to obtain 
this, cochineal is employed instead ofsavory. This last 
blue may be imitated by immersing the silk in a solu- 
tion of one ounce and a half of verdigris to one pound 
and a quarter of silk; the silk is afterwards disposed ima 
bath of Indian wood, in which it assumes a blue co- 
lour, which is fixed by passing it through die vat. Silks 
to be dyed blue are usually boiled in a bath composed 
of 44 lbs. of soap to about 110 lbs. of silk; it is care- 
fully washed, after which it is made into skeins and 
plunged into the vat till it has acquired the desired 
shade. 

Yellow is usually imparted to woollen substances 
by a decoction of woad, but as this plant yields its 
colouring principle with difficulty, alkalies are employed 
to assist in its extraction. Alkalies are chiefly used for 
this purpose in the dyeing of linen or cotton, and their 
place must be supplied by salt, sal-ammoniac, and 
alum, when wood is to be applied to animal substances 
which are dissolved in alkalies. Lime is sometimes 
used to heighten yellow colours. A good yellow of 
different tints may be procured by boiling woad with 
marine salt, lime, or alum: the salt produces the 
deepest shade : alum renders the colour brighter,' am- 
monia imparts a greenish hue to the bath, tartar gives a 
very pale shade, and copperas changes it to a brown. 

To dye Silk yellow. — Silks intended for a yellow 
colour are boiled iu the proportion of about one pound 
of soap to five pounds of silk ; they are afterwards 
washed, alumed, and exposed on rods. The yellow 
bath is prepared by boiling two pounds and a quarter 
of woad to the pound of silk about a quarter of an 
hour. This bath is strained through a sieve, and 
cooled till the hand can be kept in it, before the silk is 
immersed in the vat. A golden hue may be imparted 
to yellow by means of annotta. 

To dye Silk of a poppy colour. — The most beau- 
tiful red imparted . to silk is that termed poppy : this 
colour is procured by precipitating on stuff, bastard saf- 
fron held in a solution of potash. With this view, when 
the silk is washed and put on rods, citric juice is 
poured into the bath till it acquires a cherry colour. It 
is then well stirred, and the silk repeatedly letdown 
into it till it has acquired a sufficient colour. To pro- 
duce a fuU poppy colour the silk is wrung, on coming 
out of the first bath, which it exhausts, and is then put 
into the second. Five or six baths are requisite to 
impart to it a flame colour. The poppy colour is 
heightened by putting the silk through tepid water aci- 
dulated with lemon-juice. Annotta, three or four 
shades paler than aurora is requisite for silks, before 
exposing them to the colouring principle of bastard 
saffron. The poppy colour communicated by this last 
dye may be imitated by Brazil wood. 

To dye Silk of a straw yellow. — Take alum 
and rinse your silk well as before directed, then boil to 
each pound of silk one pound of fustic, and let them 
stand for a quarter of an hour : put into a tub large 
enough for the quantity of the silk, a sufficient quantity 
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tt that «m) Mr fitter; in thurinae this nfic ; ill 
t£» kettle agum with water and let it boil for an hour, 
and haring wrung the wlk out of the first liquor, and 
luug it am sticks, prepare a stronger lye than the first; 
in tbis dip your sdk till the colour wished for is obr 
litnnd 

Another Metbod.-^-Put into a clean kettle, to each 
MHnd of silk, two pounds of fustic, let it boil for an 
hour, then put in sis ounces of gall ; let them boil to- 
gether half an hour longer. The silk, being alutned 
and rinsed, is turned about in this colour ; then take it 
out of the kettle and wring it; dip it in potash lye and 
wring it out again ; then put it into the kettle, let it 
aaak a whole night, and in the morning rinse, beat it 
ml and hang it up to dry. 

To dye Yarn qf a Yellow Colour . — In a kettle of 
strong lye put a bundle of wo*d and let it boil, then 
poor off the Jye, and take, to one pound and a half of 
yarn, half an ounce of verdigris, and half an ounce of 
alum; put it into a quart of brown Brasil wood liquor 
boiled with lye, stir it well together, and pour it in 
and mk it with the woad lye ; in this soak your yarn 
over night, and it will be of a good yellow. 

To dye Silk an Orange Colour . — After you have 
cleaned your kettle well, ml it with clean nun water, 
and take to each pound of silk four ounces of potash, 
and four ounces of Orleans yellow, rift it through a 
•ieve into the kettle ; when it is well melted, and you 
have taken care not to let any of the ingredients stick 
about the kettle, put in your silk, which before you 
have prepared and alutned as has been directed, turn it 
round on the winch and let it boil up ; then hike and 
wring it out, beat it, and rinse it; next prepare an- 
other kettle, and take to each pound of silk twelve 
Ounces of gall-nut* ; let the gall-nuts boil for two hoars, 
then cool it for the same space of time, after which put 
in the silk for three or four hour*, wring it out, rinse, 
beat, end dry it 

Another Orange Colour . — Soak die white silk in 
> alum water as you do in dyeing of yellow : take two 
ounces of Orleans yellow, put it over night in water, 
together with one ounce of potash : boil it up, add to 
it, after it has boiled half an hour, one ounce of pow- 
dered turmeric ; stir it with a stick, and after a little 
while put your alumed silk into it for two or three 
hours, according to what height you would have your 
colour, rinse it out in soap-suds till it looks clear, after- 
wards clear it in fair water, and dress it according to 
art. 

A fine Brimstone Yellow for Worsted . — Take three 
pounds of alum, one pound of tartar, and three ounces 
of salt; boil the cloth with these materials for one hour ; 
pour off that water, and pour fresh into the kettle ; 
make a strong bath of weld ; let it boil, then turn the 
cloth twice or thrice quickly upon the winch, and it will 
have a fine brimstone colour. 

A Lemon Colour . — 'Take three pounds of alum, 
three ounces of ceruss, and three ounces of arsenic ; 
with these ingredients boil the doth for an hour and a 


half; pour off that water, and make a lye of sixteen 
pounds of yeUow flowers, and three ounces of turmeric; 
then draw or winch your cloth through quickly, and you 
will have it of a fine lemon colour. 

To dye an Okve Colour. — To dye this colour, ob- 
serve tHe fust directions for dyeing a brimstone colour ; 
then make a lye of gall-nuts and vitriol, but not too 
strong ; draw your Stuff quickly through, three or four 
times, according as you would have it, either deeper or 
lighter. 

To dye a Gold Colours Having first dyed your riUr, 
worsted, cotton, or linen, of a yeUow colour, take, to 
each pound of the commodity, one ounce of yellow 
chips, and of potash a drachm y boil for half an hour; 
then put in your silk, and turn it till the colour required 
is produced. 

Weld is considered by most dyers as the yellow 
which uuites beauty with durability in die highest de- 
gree. 

To dye wool or woollen cloth Yellow. — The wool 
is first cleansed, and then -passed through a bath of 
about 4 parts alum, and 1 of tartar, to every 16 parts 
of wool. It is then dyed in the weld bath, for which 
from 3 to 4 parts of weld are used to one part of wool, 
A golden yellow, with more or less orange, is given' by 
a weak madder after the welding. Silk is dyed of « 
golden yellow generally with weld alone. The stuff is 
first boiled in soap water, alumed and washed, then 
passed twice through a weld bath in which, die second 
time, some alkali is dissolved, which gives a rich golden 
hue to the natural yellow of the plant A small quan^ 
tity of annotta still further deepens die colour. The so- 
lutions of tin apply well to silk, and with weld give it a 
bright dear yellow. 

To dye cotton Yellow. — It is first cleansed with 
wood-ashes and water, rinsed, alumed, and dried, and 
then passed through a yellow bath, in which die weld 
at least equals the cotton in weight. When the colour 
is sufficiently taken, die cotton is thrown into a bath of 
sulphate of copper and water, and kept there for an 
hour, after which it is boiled in a solution of white soap, 
and finally washed and dried. 

If a deeper ionquil yeUow be required, the aluming 
is omitted, and instead, a little verdegris is added to the 
weld bath, and the cotton finished with soda. In giving 
the lively greenish lemon yellow, weld is preferred to all 
other materials. 

Wool may be dyed a fast yeUow colour with querci- 
tron, by being first 'cleansed, and then boiled for an 
hour with one-sixth of its weight of alum in water; then 
without rincing, transferred into the vessel containing v a 
decoction of as much quercitron bark as there was used 
Of akim, and turned through the boiling liquor over the 
winch till the colour appears to have taken. 

Chalk or alkali is of great service in yellow-dyeing, 
whether with weld, quercitron, or any other colour, 
when the mordant is alum, as this addition helps to bring 
out and heighten the dye. 

The salts of tin, being powerful mordants for almost 
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every colouring matter, may be employed with advan- black dye, made with the bark of elder/ iron or copper 
bge in dyeing yellow of the finest colours. Dr. Ban- filings, and Indian wood. 

croft recommends the murio-sulphate of tin, of which To dye Linen of a Black colour*— Take filings of 
lOlbs. with as much quercitron bark, are sufficient to iron, wash them, and add to them the bark of cjder- 
give the highest orange yellow to lOOlbs. of cloth. The tree : boil them up together, and dip your linen therein, 
process is aa follows: To dye Woollen of a good Black . — Jst. Take two 

first, tie up die bark in a bag and put it into the boil- pounds of gall-nuts, two pounds of the bark of elder- 
er, and when boiled in water a few minutes, let the tin tree, one pound and a half of yellow chips, boil them 
solution be added, and the mixture well stirred; the for three hours; then put Jn your stuff, turn it well with 
doth, previously scoured and wetted, is passed briskly the winch, and when you perceive it black enough, take , 
through the liquor over^a winch for about a quarter of it out and cool it. £. Take one ounce and a half of 
an hour. muriate of ammonia, with this boil your stuff gently for 

Of Bi/ACKS. — The black commonly given to all an hour long, turning it all the while with the winch 4 
kinds of stuff, is that which is produced by some vege- then take it out again and let it cool. 3 . Take two 
table astringent, particularly galls, with the salts of iron, pounds and a half of vitriol, a quarter of a pound of su? 
but many circumkances must be attended to, in order macb ; boil your stuff therein for an hour ; then cool 
to produce a full aod good colour. Wool takes this and rinse it, and it will be of a good black, 
kind of black with much more ease than linen or cotton. Another Black colour for Woollen.— For the first 
Helloes process is as follows : boiling, take two pounds of gall-nuts, half a pound of 

For every 50ibs. of cloth take 8 lbs. of logwood, and as Brazil wood, two pounds and a half of madder; boil 
much galls, both bruised or powdered, tie them loosely your cloth with these ingredients for three hours, then 
in a hag, and boil in a moderate sized copper for about take it out to cool ; for the second boiliug, take one 
twelve hours with sufficient water. Put one-third of ounce and a half of sal ammoniac ; and for the third, 
this decoction, with a pound of verdigris, into another two ounces and a half of vitriol, three quarters of a 
copper, and soak die doth in it for two hours, keeping pound of Brazil, and a quarter of a pound of tallow, 
the liquor scalding hot, but not boiling. Take out the Another Black colour for Plush. — Put the follow- 
doth, add to the same copper another third of the first ing ingredients into a iaige vessel ; viz. eight pounds of 
decoction, with 4lbs. of vitriol or sulphate of iron, and elder bark, eight pounds of sumach, twelve pounds of 
faring it again to a scalding heat, and soak the cloth in it I oaken chips, nine pounds of sulphate of iron, two 
for an hour, stirring it well all the time. Then take pounds of wild maijoram, six pounds of tile-dust, some 
out the cloth, ‘and add the remaining third of the decoc- waste of a grindstone, six pounds of walnut leaves, half 
lion with 8 or lOlbs. of sumach, boil the whole, lower a pound of burnt tartar, two pounds of salt, four pounds 
the heat with a little cold water, add a pound more of of woad ; on these pour boding water till your vessel is 
vitriol, and return the cloth for an hour longer. The full: your plush, after it is well boiled and cleansed, 
eloth is then washed and aired, and returned to the bath must be well galled, by boiling it in one pound and a 
a gain for an hour, after which it is well washed in run- half of sumach, eight ounces of madder, two ounces and 
sling water and fulled. It is, lastly, passed through a a half of burnt nitre, half an ounce of muriate of am- 
ydlow bad) of weld for a short time, to give a higher monia, one ounce and a half of sulphate of iron, half an 
glow and softness to the black. ounce of burnt tartar ; then take it out, and let it dry. 

The common blacks, however, are given in a much without rinsing it. Then fill the kettle with the above 
ampler manner, the stuff, previously dyed blue, being liquor, and bod and dye your plush in the manner asyou 
first soaked in a bath of galls and boiled for two hours, do other stuffs, turning it round with the winch. When 

and then passed through another bath of logwood and the colour is to your mind, take out the plush, let it 

vitriol at a scalding heat, after which it is washed and cool, and rinse and hang it up. to dry. 

, failed. To dye Silk of a good Black. — In a kettle contain- 

To dye Woollen Stiffs of a Black colour.—- Fine ing six pails of water, put two pounds of beaten g&U- 

doths, and such stuffs as will bear the price, must be nuts, four pounds of sumach, a quarter of a pound of 

r first dyed of a deep blue, in a fresh vat of pure indigo ; madder, half a pound of antimony finely powdered, four 

after which, boil the stuffs in alum and tartar ; then dye ox galls, four ounces of gum tragacanth dissolved in fair 
m madder; and, lastly, with galls of Aleppo, sulphate water, fine beaten elder hark two ounces, and one ounce 
of iron, and sumach, dye it black* To prevent the and a half of iron file-dust; put these ingredients into 

colour soiling when the cloths are made up, they must, the water, and let diem boil for two hours ; then fill it 

. before they are sent to the dye-house, be well scoured up with a pailful of barley-water, and let it boil for aa 
in a scouring mill. Middling stuffs, after they have hour longer ; put in your silk, and boil it for half aa 

4 been prepared by scouring, and drawn through a blue hour slowly : then take it out and rinse it in a tub, with 

i vat, are dyed black with gall-nuts and vitriol. ' For or- clean water, and pour that again into the kettle ; the 

$ dsoary wool, or woollen stuffs, take of walnut-tree silk you rinse quite clean in a running water, then bang 

branches and sheik, a sufficient quantity; with this boil it up, and when it is dry, put it in the copper again; 

f < you r stuff to a brown colour, then draw it through the boil it slowly for half an hour, as before ; then rinse k . 
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in a tab, and again in rain water ; when dry, take good 
lye, put into it two ounces of potash, and when they are 
dissolved, rinse the silk therein quickly, then in running 
water ; this done, hang it to dry, and order it as you do 
other coloured silks. This colour will also dye all- sorts 
of manufactured woollen stuffs. To give the black silk 
a fine gloss, you must, before the last dipping, put in, < 
for each pound, one ounce of isinglass dissolved in 
water. 

Of Green. Having given an account of some pro- 
cesses for dyeing the simple colours, red, blue, yellow, 
and black, we may touch on those that are compound, 
so called as being produced in dyeing by mixtures of the 
simple' colours, though in certain cases substances are 
found which produce compound colours without any ad- 
dition. 

To dye woollen green, either a blue or a yellow dye 
may be first given to it, but the first is generally used, 
because the yellow dye of the stuff would injure the blue 
bath. The intensity of the blue must ever be propor- 
tioned to the shade of green required. When the blue 
dye is given, the yellow is communicated by some of the 
processes already described. The cloth having the pro- 
per ground, is washed at the fulling mill, and boiled as 
for the common process of welding, but when the shade 
is to be light, the proportion of salts should be less. In 
this case, the quantity of weld used should also be less, 
but for all other shades it should be greater than for 
dyeing simple yellow. 

Saxon greens are obtained from sulphate of indigo. 
From six to eight pounds of quercitron bark, enclosed 
in a bag, should be put into the bath for every hundred 
pounds of cloth, with only a small proportion of water, 
just as it begins to grow warm. When the water boils, 
six pounds of murio-sulphate of tin should be put in, 
and in a few minutes after, about four pounds of alum ; 
these having boiled five or six minutes, cold water 
Should be added r and the fire diminished, so as to bring 
down the heat of the liuuor nearly to what the hand is 
just able to bear : after this, as much sulphate of indigo 
is to be added as will suffice to produce the shade of 
green required, taking care to mix it thoroughly with 
the bath. The cloth having been previously scoured 
and moistened, should then be expeditiously put into the 
liquor, and turned very briskly through it for a quarter 
of an hour, that the colour may apply itself evenly in 
every part. By this method beautiful greens may be 
dyed in half an hour. 

A fine Green for dyeing Silk . — Take, to one pound 
of silk, a quarter of a pound of alum and two ounces of 
white tartar ; put them together in hot water to dissolve, 
then put in your silk, and let it soak all night ; take it 
out the next morning, and hang it up to dry ; then take 
one pound of fustic, and boil it in four gallons of water 
for an hour ; take out the fustic, fling it away, and put 
into the ketde half an ounce of fine beaten verdigris ; 
stir it about for a quarter of an hour, draw it off into a 
tub, and let it cool; then put into that colour an ounce 
of potash ; stir it together with a stick ; dip into it your 


silk, till you think it yellow enough ; rinse it in fair wa- 
ter, and hang it up to dry, then dip it in the blue vat, 
till you think it enough; rinse it again, and beat it over 
the pin, and hang it up to dry : thus you may change 
the shades of your green, by dipping either more or less 
in the blue or yellow. For the green, take, to one 
pound of silk, three ounces of verdigris beaten to a fine 
powder, infuse it in a pint of wine vinegar for a night, 
then put it on the fire; when hot, stir it with a stick, 
and keep it from boiling ; in this put your silk two or 
three hours, or if you would have it of a light colour, 
let it soak but for half au hour ; then take scalding hot 
water, and in a trough, with soap, beat and Work up a 
clear lather ; in this rinse your silk, then hang it up to 
dry ; rinse it again in river water, beat it well, and when 
it is well cleaned and dried, dress it. 

To dye Linen of a Green colour > — Soak your linen 
overnight in strong alum water, then take it out and dry 
it : take woad, boil it for an hour ; take out the woad, 
and put in one ounce of powdered verdigris, according 
to the quantity you have to dye ,* stir it together briskly, 
with the linen ; then put in a piece of potash the size of 
an hen’s egg, and yOu will have your linen of a yellow 
colour, which, when dried a little, and put into a blue 
vat, will turn green. 

Cotton and linen are, in another process, scoured in 
the usual way, and then first dyed blue : after being 
cleaned, they are dipped in the weld bath to produce a 
green colour. As it is difficult to give cotton velvet an 
uniform colour in the blue vat, it is first dyed yellow 
with turmeric, and the process completed by giving it a 
green by sulphate of indigo. 

The different shades of olive, 8cc. are given to cotton 
thread, after it has received a blue ground by galling it, 
dipping it in a weaker or stronger bath of iron liquor, 
then in the weld bath, and afterwards in the bath with 
sulphate of copper ; the colour is, lastly, brightened with 
soap. Yellow colours are rendered more intense by 
means of alkalies, sulphate of lime, and ammoniacal 
salts, but they become fainter by means of acids, and 
solutions of tin and alum. 

To dye a Grey colour . — Grey is a middle colour, 
between black and white, which, beginning with a white 
grey, approaches by degrees to a black grey : it may be 
observed, that if the black colour was to be prepared 
only of gall-nuts and sulphate of iron, it would procure 
but an indifferent grey, but if to these ordinary ingre- 
dients for dyeing of, stuffs, you add some Indian wood, 
you may procure white grey, pearl colour, lead colour, 
whitish grey, iron grey, black grey, brown grey, &c. 
Some of these colours require a little tincture of woad. 

To dye a Brown-red colour either on Silk or Worst- 
ed.— First, after you have prepared your silk or worst- 
ed, in the manner directed for dyeing of red colours, 
boil it in madder ; then slacken the fire, and add to the 
madder liquor some black colour prepared as has b&n 
shewn: then stir the fire, and when*the dye is hot, work 
the commodities you have to dye therein, till you see 
diem dark enough. But tfie best way to dye this colour 


Digitized by t^ooQle 



DYEING. 


m 


\ is in a blue vat; therefore choose one either lighter or j and tender colours. The euperrinent may be tried in a 

» darker, according as yon woald hare yoar colour, thea glass of dean water, in which litmus, being first dis» 

% alnm and rinse your silk in fair water ; this done, work solved and filtered, is poured in : if to this liquid, which 

i it in the kettle with madder, till you find it answer yoar is bine, yon pour some muriatic acid, it will turn red j 

purpose. and tnhriag it with a little dissolved alkali, it will re- 

Another .* — Bit into a kettle of hot water a handful 8ume its former colour : if you put too much of the 

of madder, stir it together, and let it stand a little : then latter, the liquid will turn green : and thus you may 

take the woollen stuff, wet it first, then let it run over change the colour, by adding more or less of either the 

the winch into the kettle, fuming it constantly ; if you one or the other ingredient to it. 

: see it does not make die colour high enough, add a To dye Silk of a Madder Colour . — Prepare it as 

t handful mote of madder, rinsing the stuff or nlk some- has been directed under die article of dyeing silk “ a 
trines, to see whether it is to your liking. Then put crimson colour.” .This done, put a pailful of river 
some black colour into the ketde, mix it well together, water into a kettle, together with half a pound of road- 
and when hot, turn your silks or stuffs with the winch, der ; boil it for an hour, and take care it boils not over, 
and dye them either of a blacker hue by adding more then let it ran off clear into another vessel, stirring into 
black, or a redder by putting in less. it one ounce of turmeric ; then put in your silk, let it 

3b dye a Brown colour . — Brown colours are pro- lay therein till cold, then wring it out and beat it ; this 
disced by the root, bark, and leaves of walnut trees, and done, take half a pound of good Brazil wood, boil it in 
also by walnut shells ; china-root might also be used for bran water for an hdwr, clear it off in another vessel* 
brown colours, but it being of a disagreeable seen!, it and put hi your silk ; rinse it out in soap-lye, and then 
should only be used for hair colours in stuffs, for which, in running water ; after which dry and dress it. 
and the olive colours, it is of more use : the best browns Another method . — After you have prepared your silk 
are dyed with weed and walnut tree root. for dyeing, baag it on sticks, and to each pound of silk \ 

A Nutmeg colour , on Stuff*. — Take three pounds of take eleven ounces of madder, and four ounces of nut- 
alum, and half a pound of tartar; put this into a kettle galls ; put these into a kettle with clean rain-water; 
of water, and boil your stuff for an hour and a half, then bang in your silk, and augment the heat till it is ready 
take it out to cool. Take one pound and a half of yel- to boil ; then tom your silk in it for half *n hour, and 
low flowers, three pounds of madder, one pound of prevent its boiling, by lemming tbs fire : after this, 
gatt-nuts ; put diem, together with the stuff, into a ket- rinse and beat it out ; hong it again on slicks, in a tub 
tie ; boil and turn it with a winch till it is red enough, with cold waiter, in which you have put some potash;^ 
and take it out to cool ; then take two pounds of sul- this gives it beauty : then rinse and dry it How this 
phate of iron, which before is dissolved in warm water, madder is made use of for dyeing of worsted or stuffs, 
put it into the kettle, and turn the stuff till die colour is has been shewn already. 

to yoar mind, then rinse it out — Or, take half a bushel Of the Mixture of Colour*. — Although we have 
of green walnut shells, or walnut tree root, to a kettle touched on this subject already, yet we sbaU say some- 
of water, and when it begins to boil, pot in the stuff, thing more about it. Pure or. annexed colours are 
over a winch ; turn it about three or four times, then rarely found in nature. Red is uniformly found inters 
take it out and let it cool ; after it is cold, boil the li- mingled with yellow ; scarlet and madder colours are 
qnor again, and put the stuff in ; turn it for half an hour, composed of these two principles. Indigo , which ap! 
and take it out and let it cool ; then put one pound of pears to furnish die most perfect bide, is always de- 
gall-nuts, three pounds of madder, together with the based by a yellowish matter, which is removed by 
stuffs, into the kettle ; let it boil for an hour ; take it ebullition. Exclusively of these natural mixtures, the 

out and let h cool again ; take one pound of sulphate of artificial shades formed out of them are extremely 

iron, put it in, stir it well about, then put in again tlie numerous : we shall only refer to a few of the leading 
stuffs over the winch ; tarn add boil it till you perceive ones, which may be comprehended in the following 
your colour deep enough, then take it out and rinse it. classes. 1. A mixture of blue and yellow, which pro- 
Of dyeing with Madder. It has been a common daces all the intermediate shades between the yellowish 
rule to take, to eight pounds of madder, one pound of green and the dark green verging to black. 2. A 

tartar. Alum and tartar are used for preparing the mixture of red and blue, which comprehends all the 

commodities, for attracting and preserving the colour, shades from a deep violet colour to a lilac. 3. A 
Pbtash heightens the colour very much, as does bran mixture of red and yellow, whicb embraces all the 
water ; brandy is of peculiar use ; it attracts the colour, shades from a scarlet colour to that of musk and 
makes it look clear and fine, and frees the subtlest . tobacco. 

particles from its dregs and impurities. Some dyers, 1. To form on wool the mixture of blue and yellow, 
sod indeed most, ascribe the same virtue to urine ; but we first impart tp the stuff the blue ground : and the * 
although it may be of much use when fresh, it is highly green so produced becomes deeper as the blue is more 
prejudicial to light colours when stele, for it causes the intense. Wbqn the cloths are taken out of the blue 
colour to be of a heavy and unpleasant hue: this ought, vat, they are boiled in the same manner as those in- 
dierefore, to be a caution to such as would dye light tended to be dyed by woad, and for this purpose a 
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decoction of that substance is prepared in winch the 
stuffs are immersed. Green is rendered brown by log- 
wood and a small portion of iron. Green is transferred 
to cotton by a nearly similar process, but instead of the 
mordant composed of alum and tartar, the acetate of 
alumine is used. 

To impart a Green to Silk . — After boiling it with soap, 
it is strongly alumed ; then slightly washed in running 
water, and stretched in a woad bath. To render the 
Colour darker and to vary its shade, a decoction of 
Indian wood of fustic, annotta, 8tc. is introduced into 
the woad bath. Savory is preferred to woad, when the 
blue vat is employed, because the colour which it 
imparts inclines naturally to green. The green obtain- 
ed by the solution of indigo in the sulphuric acid, is, 
as we have seen, called Saxon green ; it is more bril- 
liant but less durable than that which has just been 
described. This cloth is prepared as in* dyeing with 
woad ; after it has been washed, it is boiled in the 
same bath an hour and a half, with yellow chips. 
When the beat of the bath is moderated so that the 
hand can bear it, we introduce one pound and a quarter 
of the solution of indigo for every eighteen yards of 
cloth ; the cloth is then to be immersed in it, turned at 
first rapidly, but afterwards more slowly. The cloth 
must be taken out before the bath begins to boil. 
Woad may be substituted instead of the yellow wood, 
and die shades varied at pleasure, by varying the pro- 
portions of the ingredients. When tne blue has been 
dyed in the vat, it is more permanent than the yellow ; 
whence it happens, that the green colour changes to 
blue in the course of time ; while on the contrary, 
when the blue is given by die solution of indigo in 
sulphuric acid, the yellow is most durable. 

8. The combination of red and blue forms the violet 
colour, and the shades dependent upon it. This com- 
bination exists naturally in logwood : it is likewise de- 
veloped in most of the lichens by fermentation, but it 
is not fixed in either of these two states. 

To give a good violet tint to woollen cloth, it is 
slightly dyed in a blue vat after which it is boiled, 
during an hour and a half, in a bath composed of three 
ounces and three quarters of alum and about half an 
ounce of alum to one pound and a quarter of cloth. A 
bath is then prepared of one ounce and a half of cochi- 
neal and half an ounce of tartar, in which the cloth is 
boiled an hour or more, when it assumes a blue colour. 
By the addition of alum and tartar to the violet bath, 
we may obtain all the inferior shades of lilac, dove, 
mallows, &c. 

The violet colours imparted to silk are divided into 
two kinds, the true and false ; to produce the first, the 
silk is dyed in the same manner as crimson, except 
that neither tartar nor the solution of tin are mingled 
with the bath. To produce a very beautiful violet three 
ounces of cochineal is employed to one pound and a 
quarter of silk. The stuff is then passed through a 
weaker vat, and to impart still greater beauty to the 
colour, it is afterwards immersed in a savory bath. 


The most beautiful fake violets are prepared with 
savory, they are .readily known by the property which 
they possess of becoming red by the action of adds. 
A good violet may be given to cotton, by dyeing it 
j with madder, and afterwards passing it through a blue 
vat. The beauty of this colour depends on the mea- 
greness of die red. 

The true violet is only imparted to cotton by com* 
billing oxide of iron with madder red. The iron must 
be applied to the cotton previously to its being i»- 
merged in the madder bath. ‘ It is not easy to obtain 
this colour uniform, because the iron deposited on the 
cotton is apt to become unequally oxydated in drying. 
To obviate this, the cottons should be washed after 
receiving the mordant, and be plunged into the madder 
bath while wet. AU the different shades may be ob- 
tained by .combining alum with the sulphate of iron 
calcined to redness, in different proportions, in forming 
the mordant for violets. 

When a veiy beautiful violet is the object, it is ne- 
cessary, on taking the cotton- out of the oil, to pass it 
into the mordant already described ; then to wadi it 
with care, and plunge it into a cold madder vat ; after 
which it must be again washed, immersed into a new 
bath of madder and boiled for an hour, and, lastly, 
brightened by washing with soap. 

3. Yellow, intimately combined with red, may be 
variously modified. By boiling fustic in a scarlet bath, 
heightened by a small portion of cream of tartar, and 
the composition of tin, we may produce successively a 
pomegranate, orange, and jonquil colour. The fustic 
is added to the cochineal, in proportion to the shade 
required. The addition of a little madder will produce 
a gold colour. ^ 

Madder red unites with yellow, and gradually changes 
it from an orange to the other different shades. If 
instead of the bright yellows we use plants giving out a 
brownish colour, such as many astringent vegetables, 
we obtain more solid, but less brilliant colours. Thus,* 
hazel roots, sumach, &c. produces tobacco and musk 
colours. 

Maroon and wine colours may be imparted to silk by 
logwood, fustic, &c. : a decoction of fustic forms the 
foundation of the bath, to which is added about a 
fourth part of tbe juice of feroambucca, and an eighth 
of logwood. The silks are to be alumed before they 
are immersed in this hath. If brown shades are re- 
quired, the Indian wood is employed iu a greater pro- 
portion than the Brazil wood. 

Of the Jrt of Transposing, or Chafing Colours* 
— Most colours, when transferred to stuffs, undergo or 
suffer some change. This art is termed, by dyes*, 
changing or turning the bath. This is one of the most 
delicate and interesting operations connected with dye- 
ing. In it resides nearly all the mystery of the art* 
We can here only briefly sketch the principal changes, 
or alterations, that may be produced on a colour, by 
the action of colourless bodies. For more particular 
information on the processes of dyeing, we must refer 

the 
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the’ reader to those works which treat professedly on 
the subject*. * 

- The acid solution of tin reddens cochineal, and 
brightens the colour of its decoction* Cream of tartar 
renders of a brighter yeUow the same colouring prin- 
ciple. The solution Of alum changes a scarlet into a 
crimson. Hence it is that cloth, to which alum has 
been applied as a mordant, assumes a crimson colour 
m the scarlet bath. The scarlet is contorted by the 
alkalies into violet. The red of cochineal is changed 
tly sea salt into lilac shades, which approach to a blue. 
Sfdammoraa deepens it, without depriving it of the red. 
um changes the red into blue* The red of cochi- 
is converted by copperas into violet. Hot water 
renders it blue, by impairing the vivacity of the red. 
The madder red is susceptible of the same modifications, 
though less perceptibly. The acids render it yellow, 
and change it to orange, lime, and other calcareous 
sabs, impart to it a vinous colour. The alkalies are 
employed to give a rose tint to the red of Brasil wood, 
and to form a false crimson upon silk. The alkalies 
give a yellow shade to the red of carthamus, or bastard 
saffron. Its colour may be restored by citron or lemon 
juice. The alkalies develop the colour in all vegetables 
employed to furnish a yellow dye. A solution of potash 
is even used to transfer to cotton the colouring prin- 
ciple of woad. The alkalies disguise the red colour 
which is combined in the annotta with the yellow ; the 
acids destroy or counteract their effect, so that by the 
aid of these two salts, may be communicated to the 
annotta all the intermediate shades of colour, from the 
lightest yellow to an orange. The alkalies convert into 
a permanent orange the yellow procured from wool and 
silk by die nitric acid. For this purpose it is sufficient 
to pass these two stuffs, coloured by the acid, into a 
caustic alkali. By employing the acid at 25, or 28 
degrees, a very beautiful colour is obtained. The al- 
kalies are also employed to change the violet procured 
from Brazil and Indian wood; they improve the colour 
of the Brazil, and render brighter the violet of the 
logwood* 

Silk prepared as for the true violet, may be changed 
into purple, by means of a little arsenic introduced into 
the cochineal bath. What relates to the art of chang- 
ing, or transposing colours, may, in general, be re- 
duced to very simple principles* 1st* When the reds 
June pure, the acids render them pale, or of aa orange 
tinge, by assimilating them to a yellow colour. Alum, 
tream of tartar, the solution of tin, and acids, produce 
the same effect. 2. When the reds are mixed with a 
portion of blue, not possessing much fixity, the acids 
exalt the colour, by destroying or reddening the blue. 
Example* of this are furnished by fernambucca, and by 
nearly all the false vegetable reds. 3. The alkalies 
destroy the resinous reds, and develop the yellow which 
is united w ith them. The red tint of the annotta, as 
well as that of the carthamus, is effaced by them ; 
acids restore it. 4. Alkalies restore the violet colours, 
reddened by acids, with greater intensity than they for- 


merly possessed* 5. Sea salt, and all the calcareous 
salts, change the reds into a bluish crimson. 6. Iron, 
and all its combinations, impart a brown tint to red and 
yellow colours. Thus are produced all the different 
browns, which aje at present so much iu vogue. 

Of the Exaltation of Colours. — The beauty of co- 
lours depends unquestionably on making a proper choice 
of materials; but in the mode of combining and height- 
ening them, consists the art of dyeing. Washing im- 
proves the colour, by depriving the stuff of the colour- 
ing matter uncombined with it* It ought to be per- 
formed iu clear and running water. The alkalies are 
employed to heighten certain colours. Thus, for ex- 
ample, in order to impart greater brilliancy to the 
Adrianople red, the cotton after maddering, is boiled, 
on a lye of soda for twenty-four or thirty-six hours; after 
which it is washed and again boiled in a solution of 
soap. The violet colours transferred to cotton by the 
oxyd of iron and madder are heightened and improved 
in a similar manner. The colour, which appears a 
black on taking the cotton out of the bath, becomes 
bright, and forms a beautiful violet. It may be re- 
marked, that the violet is changed into red by the ac- 
tion of alkalies, and into blue by that of soap. The 
acids likewise prove useful, by putting the poppy- 
coloured silks through tepid water acidulated by citron 
juice, the colour is rendered more brilliant and pleas- 
ing to the eye. The orange extracted from annotta is 
heightened and improved by the citric acid. All the 
acids destroy the violet colour which the cochineal 
sometimes assumes on wool, and exalt it to the shade 
of scarlet. They render the madder red slightly yellow* 
M. Hausmann proposes to pass the cottons on being 
out of the blue vat, into a water acidulated by the sul- 
phuric acid, having ascertained that the colour was by 
this means rendered more intense. Blacks, transferred 
into a saponaceous solution, or into water agitated for 
a considerable time with a little oil, assume a deep red 
colour. The drying of stuffs in the sun, or in a clear 
day, spoils or destroys their delicate and lively colours. 
Drying in the shade preserves them. 

We shall now conclude the article with an account of 
Calico-printing, for which we shall be indebted chiefly 
to Aikin’s valuable Dictionary of Chemistry and the 
Arts. 

Calico-Printing. — “ To apply a coloured pattern 
on a white or coloured ground two general methods ap- 
pear practicable ; the one, to weave the pattern into the 
doth with threads dyed of the requisite colours, the 
other to devise some method of topical dyeing, which 
shall/ like a picture, confine the desired colours to those 
parts only that are figured by the intended patterns* 
The former is the delicate business of the embroiderer 
or the tapestry weaver ; the latter is the ingenious art of 
the calico-printer. The history of this art and the de- 
tail of the vast variety of processes employed in produc- 
ing the various coloured patterns, it would be super- 
fluous to enter into, especially as most of what has been 
described of general dyeing Applies (as far as the che- 
mical 
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mical principles of die art tre concerned) to topical 
dyeii^. A few examples, therefore, of the peculiar 
manipulations of calico-printing will suffice. It is par- 
ticularly, though not entirely, with the adjective colours, 
or those that require a mordant, that canco-prmiifig is 
concerned, as mis veiy circumstance affords a ready 
method of giving a permanent colour only to the pat- 
tern part; for if this latter only is impregnated with the 
mordant, and the whole cloth is then unlfonhly dyed, 
die natural effect of exposure to sun and air will be to 
discharge all the colour from every part of the doth 
except where it had previously received the mordant, 
and thus a coloured pattern will be produced on a 
white ground. This partial application of mordants 
therefore, followed by general dyeing, constitutes the 
greater part of calico-printing, besides which, however, 
a further variety of application often occurs as some- 
times colours themselves are painted or pencilled in to 
assist the general effect, which therefore require no 
subsequent operation; and occasionally other contri- 
vances are used to fix, or alter, or discharge coldurs, 
according as the proposed pattern may require it; Two 
mordants are more particularly used by calico-printers, 
though equally serviceable in general dyeing ; die one is 
acetite of alumine with a portion of alum, the other is 
a solution of iron in some vegetable acid. TTie acetite 
of alumine is always made by double decomposition 
of alum and' sugar of lead, but the proportions of each 
vary much according to circumstances, and probably to 
the fancy of the colour mixer. In general, three 
pounds of alum (or in that proportion) are thrown into 
a barrel, and when dissolved, a pound, to a pound and a 
half of sugar of lead are added, and the whole frequently 
stirred during two days. On settling, a clear liquor is 
found at top, which consists of acetite of alumine, bat 
Still containing much undecomposed alum, and a dense 
white sediment remains at bottom, which is sulphate of 
lead. The clear liquor is the part used for the mordant, 
but previously two ounces of pearl-ash and as much 
chalk are added, more entirely to neutralize any excess 
of acid, and partly to decompose the solution; for 
though the mordant must be in a saline state entirely to 
fix itself to the fibres of the cotton, it should seem that 
the true intermedium between the cotton and the dye is 
{he alumine, and not the acids that hold it in solution, 
and hence the weaker the adhesion of these is to the 
alumine, the stronger will be the triple union be- 
tween the colour, the earth, and the cotton fibre. The 
other mordant constantly in use with the printers is a 
solution of iron in vinegar, sdtir beer, pyroHgenoos 
acid, or other vegetable acids, and which therefore is 
chiefly an acetite of iron mixed with a portion of tar- 
trite, perhaps gallate, and other salts of this metal. 
To make these mordants fit for printing, and give them 
such a consistence as will enable them to dry in a 
figured pattern without running into the adjoining parts, 
they are thickened with paste to the consistence of jelly ; 


and when to be need, this jetty m mjaetzed thro ugh a 
very fine sieve bj a particular and simple co ntri va n ce, 
on die surface ef which it lies as a thin coating conve- 
nient to be transferred to the printiog blocks. The 
mordant, when naturally colourless, m a little tinged 
with Brazil wood (which being s very fugitive dye does 
not impair the general effect) that the wovkmep may 
seethe rmpresston on the cloth and fix the patter n with 
accuracy. The instrument by which the impression is 
given (or what answers to the types m the printing of 
books) is a piece of hard wood, generally holly, about 
a foot long, on which the pattern is carved, nearly as 
in wood engraving, and is strengthened at the back 
with a thicker piece of oak gtaed on. The parts of the 
pattern that are to receive a large body of colour, and 
consequently re qu ire a corresponding quantity of mor- 
dant are given by pieces of eld hat inlaid into the block 
which are found to take up the mordant in a mere 
uniform way than any other material. Of late years 
also some of the finer patterns am given by sheet copper 
fixed on a Mock-tike filigree work, which gives a ' finer 
and sharper line to the figured pattern. Fine work is 
s om e ti m es given still more expeditiensly by ergvaved 
copper-plate and the rolling press, ns in common pic. 
ture engraving. The general process of the simple 
kind of calico-printing therefore, is the following: the 
cotton doth, previously bleached with alkali and much 
washing, and calendered to smooth the surface, is 
stretched on a long table covered with woollen cloth, 
when die printer first lays the block en the sieve dial 
contains the mordant, then applies it steadily en the 
cloth, and strikes k a smart blow on the back with a 
wooden mallet to give a strong impression. Tins he 
repeats successively, each time carefully laying the 
Mock in the proper direction so as not to overlap the 
last impression, till the whole is finished. In this way 
the patterns are impressed with one or mom kinds of 
mordant as may be required ; after which the cloth is 
strongly dryed in a stored room, drat both fixes the 
mordant more firmly to the cotton, and volatilizes 
much of the acetous acid in fumes very sensible to 
the smell. When dry, the cloth is taken to a cistern 
containing very warm water, in which cow-dung is dif- 
fused, and there it is worked about to dissolve out die 
paste and other superfluous part of the mordant, suffi- 
cient being yet left firmly united to the fibres of the 
cloth to fix the dye in the subsequent process. The 
cloth is then rinced and thoroughly cleaned, after which 
it is dyed in the usual way. The cloth comes out of 
the dyeing cistern entirely coloured (yellow, for example, 
whet) the dye has been weld) ; it is then again washed 
with water, boiled with bran and water, alternating 1 
with exposure to air on the bleach field, and other 
bleaching processes ; till, at last, aH the colour of the 
ground has disappeared, and that only remains which has 
been fixed to the pattern by the mordant.” 
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Engineer civil, in contradistinction to tbe same 
profession attendant on military works, is a person of 
considerable importance in society : his employ embra- 
ces pre-eminently canals and their attendants, reservoirs, 
locks# basons, aqueducts, tunnels, bridges, docks and 
buildings iu water, erecting beacons and light-houses, 
the cutting and forming roads, making iron rail roads, 
8 lc. &c. To make tbe expert engineer requires consi- 
derable talent in the individual, joined to great personal 
firmness, with a cautions enterprise. He should be a 
mathematician of the first order, with a ready aptitude 
of extending its powers to practical purposes, expe- 
rienced in local nature, with science and command 
competent to assist and improve her, so as to effect all 
the multiplied wants of a great commanding and pow- 
erful people w—TM cutting of canals is the first in order, 
and is of a very early date; for we find the Cnidians, a 
people of Asia Minor, projecting an undertaking of 
this nature: they wished the isthmus, which joined 
their territory, to connect itself with the continent. The 
oracle was consulted, and it was interdicted. (Herodotus, 
1. i. t J74.) Basins and canals were formed in Boeotia, 
says Strabo, supplied by the lake Copais. The great 
river Euphrates was connected with the Tigris by means 
of a canal. A branch was also formed by Trajan near 
Coche, to join the same river. The Greeks, as well 
as die Romans, formed the design of making a canal 
across the Isthmus of Corinth, which joins Acnsia, for 
tbe purpose of obtaining a passage by the Ionian sea. 
JL similar plan was projected between the Euxine and 
Caspian seas. The Homan generals were fully im- 
pressed with the utility of canals, of which they execute 
«d many, as the ruins now existing demonstrate. They 
oocmected the Rhine with tbe Iosel, and also the former 
river with , the Moselle. Savary says, the canals in 
JEgypt amounted iu number to eighty, but they were 
more for the purpose of irrigation than communication. 
The Nile was joined to the Red Sea by an artificial 
channel ; the work was commenced by Necos, who 
was followed by Sesostris and Darius ; the latter relin- 
quinbed the undertaking on tbe information reaching 
kim that the Red Sea being so much above the level 
of the land in Egypt, it would be difficult if aot impos- 
sible to prevent the overflowing of tbe banks, and con- 
sequent inundation of the country. The alarm was just: 
but the engineer would have been but little acquainted 
with his subject not to have shewn tbe practicability of 
avoiding such a calamity. Under Ptolomy the Second 
the undertaking was completed. Its width was upwards 


of 100 cubits, reckoning 22 inches to each cubit; and 
iu its depth sufficient to allow of the navigation of the 
largest vessels. By this canal India was enriched with 
tbe commerce of Egypt, Persia, aud die coast of 
Africa. China, in her institutions hostile to art, has 
nevertheless encouraged the making of canals ; and their 
convenience having aided in supplying a ready transit of 
her commodities she has, more perhaps from cunning 
than a wish to develope the powers of the human mind, 
intersected her count™ with them. The canal which 
runs from Canton to Pekin is in length upwards of BOO 
miles, and was executed about 700 years since : it has 
no locks, tunnels, or aqueducts, and when stopped by 
mountains or ottier impediments, they have recourse 
to a rolling bridge, and sometimes to inclined planes. 
These rolfiug bridges consist of a number of cylindrical 
rollers which turn easily on pivots, and are sometimes 
put in motion by a windmill, so that the same ma- 
chinery serves a double purpose, that of working the mill 
and drawing up vessels. In this mannerthey (haw their 
vessels from the canal on one side of a mountain to the 
other. In Europe, the nurse of science and die arts, 
to which in a great measure must be referred the suc- 
cessful completion of all great works, artificial rivers 
has presented an everlasting monument In the year 
1666, Louis the Fourteenth gave directions for con- 
structing a plan to connect the ocean with die Medi- 
terranean by the canal of Languedoc. This was a bold 
undertaking if it be considered that all the details con- 
nected with it were to be created, every thing was pew; 
Francis Riquel was the engineer, and he lived to com- 
plete it. This canal is upwards of 64 leagues in length, 
and is furnished with 104 locks. It runs through rocks 
in some places of 1,000 paces in extent, in others it 
passes valleys and bridges by means of aqueducts of 
vast height. It joins the "river Garonne near Thoulouat 
and terminates m the lake Tau, which extends it to 
the Port of Cette. It was began by forming a large 
reservoir 4,000 paces in circumference and 24 deep, 
which was supplied by water issuing from the mountain 
Noire. In Germany and the Low Countries, canals 
form the principal means of communication between 
one place and another. He canal of Bruges runs to 
the sea at Ostend,' and is extended to Ghent, Brussels, 
Antwerp, and many other places : it is in depth suffr- 
cient to allow of merchantmen coming to the warehouse 
of its owner. These cabals pass into the very streets of 
the above-named towns ; indeed, in all Flanders and 
Holland, in towns of any importance, the streets are 
4 F intersected 
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intersected by the canals. In the line of the canal the 
street is sufficiently wide to admit of two commodious 
roads on its sides, which are not unfrequently planted 
with double rows of trees. Canal navigation in Eng- 
land may almost be said to have been began by the late 
Duke of Bridgewater in the year 1759 ; since which 
time the internal commerce having increased with the 
developement of the industry of the people, canals 
have been cut, which has given it a ready transit to 
every populous part of the island. The engineer in- 
trusted with the making of a canal, should be fully 
informed by the projectors of all they wish to accom- 

£ lish ; and if he be a person of integrity and skill, in 
ira their confidence should be placed. The prelimi- 
naries to tin undertaking of this nature, consists in 
forming a minute survey of every part of the country 
through which the line of the canal is proposed to pass ; 
and this should be done in the first instance by the prin- 
cipal engineer : all the principal heights should be ac- 
curately noted and ascertained; memorandums should 
be taken of all objects within the districts through 
which it is intended to pass, rivulets and mill streams 
marked so as easily to be referred to ; the breadths of 
the various summits or ranges of high and low land 
that are to be passed should be ascertained. When a 
survey is so far accomplished, a rough sketch or map 
should be prepared, laying down to a scale every prin- 
cipal object within the proposed line. This map will 
enable the projectors to see the various obstacles to be 
encountered in the work ; and also the engineer to dis- 
play his talent in surmounting them. When so much 
i* accomplished, the adviseable height of the summit- 
level of the canal must be ascertained in order to find 
the number and fall required in the several locks neces- 
sary to be constructed on its line, the proposed sum- 
mit level should be traced along the hills and ranges of 
high-land, to see how far it is practicable to reduce it 
to the .required height by filling up the low land by the 
excavated earth, or by deep cutting or tunnelling. When 
the summit-level is finally determined on, and also the 
, line of the proposed canal, all springs and rivulets which 
rise above or cross this line should be traced, and the 
quantity of water they discharge accurately gauged : this 
part of the work is of the very greatest importance, as 
it may be turned to considerable account in affording 
a supply of water to the line in its neighbourhood. Mr. 
Eytelwein, engineer to the King of Prussia, has shewn 
many important facts connected with this part of the 
subject, deduced from experience and mathematical 
investigation. Dr. Young has compiled them, and 
they have been given to the public through the medium 
of the Journals of the Royal Institution, or see Ni- 
cholson’s Journal, vol. 3. p. 25. In setting out the 
canal a good spirit level with telescopic sights is required 
for tracing the levels, and when traced they are marked 
particularly by what is termed a Bench-mark, which is 
no more than stakes driven into the ground at usually of 
the distance of every two or three chains, with their tops 
exactly projecting above the earth so much as to ascer- 


tain the top-water level. After this line shall have been 
thus traced and the bench-marks fixed, it should be 
accurately revised, and all sudden bends in its course 
rectified, so as to produce an easy undulating curve ; it 
would be desirable to get the line as straight as possible, 
but ranges of high-land, property of particular descrip- 
tions sometimes intervene which prevents it. In such 
cases, as in the former for instance, it is often found 
more desirable to bend the line than to have recourse 
to deep cutting or tunnelling : in the latter description 
may be included gentlemen’s parks, gardens, &c., and 
as few canal acts protect the proprietors in violating 
such property, the line must vary its course so as to 
pass round them. The widths and depths of canals 
vary in reference to the boats intended .to work 
in diem ; 30 feet is a good width at the summit level ; 
and it is sometimes varied with us to as low as 18 feet 
Iu Holland they make theirs from 50 to 70 feet, and 
sometimes more. The Bruges Canal is 80 feet wide 
and 16 feet deep. The slopes to the sides of canals is 
of considerable importance, and this consideration has 
given rise to many speculations, which have added very 
little to die stock of information already collected. 
Mr. Eytelwien has recommended that the breadth at 
the bottom should be two-thirds of the depth, and at 
the surface ten-thirds ; the banks will then be in 
general capable of retaining their form. The area of 
such a section is twice the square of die depth, and 
the hydraulic mean depth two-thirds of the actual 
depth. See Nicholson’s Journal, vol. 3, p. 33. The 
practice in oar canals is to so apportion die side slopes 
that one foot in depth will give a horizontal base of 
one foot and a half. The depth of the water must be in 
some measure deduced from the nature of the soil to be 
cut through, and the draught of the boats to be employed 
on it. The average depth of our nnale lays between 
4 and 8 feet, and the banks are made one foot higher 
than the water is intended to stand in them. The fall 
given to a canal, in order to producq a stream or velo- 
city in the water, varies with die local difficuksqt to 
I be overcome ; and since inland navigation is detdhgMed 
to a precise point or place, the navigator oMlttes 
little upon the velocity of the stream downwards, know- 
ing if it were made great what he might save in going 
down it would be lost in returning. Four inches in a 
mile is conceived to be a good faH for a canal 18 feet 
jipon the summit level, and 7 feet at bottom, and 4 
feet deep : the velocity of die stream in such a canal is, 
according to Professor Robinson, 17 inches in a second 
at ihe surface, 14 in the middle, and 10 at the bottom : 
from such a deduction it will not be difficult to extend 
the calculation to canals of greater or less dimensions^ 
This conclusion is, however, only true of a straight 
river flowing through an equable channel ; and as our 
canals are seldom straight for a mile together, but vary 
their course ai frequently as 'change of place presents 
new difficulties, it follows, * that the banks of the 
canals will be more often in a curved direction than a 
straight one ; and Mr. Eytelwein anticipating such a 

circumstance, 


Digitized by t^ooQle 



ENGINEERING* §95 


Circumstance, remarks, 41 that the velocity is greater 
near the concave than the convex side ; a circumstance 
probably occasioned by the centrifugal force accumu- 
lating the water on that side" / 

- When a canal is accurately iharked out, and the 
bench-marks firmly fixed, a circumstance which can- 
not be too much attended to, as cattle often knock them 
down while (grazing in the fields in which they are 
placed, and idle people as often from mere wantonness ; 
if it be found difficult to keep the bench-marks in their 
places, holes must be dog to supply their places, and 
the bench-marks put up as the excavating proceeds. 
When the works nave arrived at this state, calculations 
should be made Of stuff wanted, or to be spared, upon 
the line, in order to its being removed with as little la- 
bour as possible. The top-soil and turf removed, al- 
lows of the canal line being easily worked upon. 

' The ground-men, excavators, or navigators, as they 
are called, are in some districts also called hag-masters; 
to these people the digging is let, at per cubic yard, 
according to the nature of the soil to be excavated, and 
die distance it is to be removed. Their tools consist of 
(if in a clayey or loamy soil) a grafting tool, the handle 
of which is rather longer than usual, with a narrow blade 
of iron, forming the segment of a circle, with its con- 
cave side turned inwards, firmly riveted to the handle 
and very thin at the lower end ; the size varies to the 
caprice of the workman : they are usually about 10 or 
11 inches long, and 6 or 7 inches wide. In some soils, 
gravel for instance, the same kind of tool is called a 
shoypl ; its blade is ground away till its lower end ap- 
proaches an apex, the diverging sides from which form 
the slant ones, and make nearly an equilateral triangle. 
They have also a scoop to throw water, pickaxes, and 
wheelbarrows. The latter differ materially from the 
common machine of that name : . it is framed of oak, the 
two sides form the handles, and also cK rer g e a way aad 
admit the wheel between their opposite ends. Into the 
sides, two stout feet are framed and cross braced : the 
whole is fixed together by stout bearers mortised into 
the sides. The bottom is lined commonly with inch elm 
boarding, and the sides slant all round, and are about 6 
inches deep. The wheel is usually of cast iron, very 
light, and its edge not more than an inch in thickness. 
The beauty of the barrow consists in its lightness, and 
should not exceed 40lbs. in weight, including the wheel. 
The labourer wheels the soil away in his barrow by a 
kind of tram-road made of planks, these beiug easily ad- 
justed to all required positions. 

Among the nrst works to be excavated should be the 
foundations for all locks, basons, and bridges, also the 
citiVerts and drains which are to pass under the canal. 
The work should be commenced as early in the spring 
of the year as possible, in which case many parts may 
be accomplished in sufficient time to allow of its settling 
and getting firm and dry before the winter season ar- 
rives, which, if severe, may delay its progress, and de- 
stroy such as may have been too recently set about. 

The soils, through which the different lines of the 


canal is intended to pass, should be pierced and proved 
to ascertain their nature, and if good water-tight stuff, 
its extent traced, for on this must be determined where, 
and in what quantity, puddling may be required for 
the batiks ; for to prevent leakage in a canal, is that in 
which the engineer will display his greatest sagacity. 
Porous soils, or soils requiring puddle lining, consist of 
gravel, sand, loose or open rock, or other earths that 
. will let water easily through ; or earths in which rats or 
moles take up their habitation, or such as is much per- 
forated by worms. 

Some engineers have made use of strong clay for 
puddling, but it has been seldom found to answer the 
purpose, particularly to side linings ; in lining the bot- 
toms of canals it has a better chance of succeeding. It 
holds so much water, that exposure to the air evaporates 
it, and consequently it cracks, which renders it unfit for 
a safe and water-proof coating, which in some canals are 
particularly required. The best puddle is made of a 
light loam, and sharp siliceous particles or sanc^ in the 
proportion of two of the former to one of the latter : it 
is manufactured commonly contiguous to the slope 
which it is intended to line, but if the bottom of the ca- 
nal should require lining also, it will be necessaiy to so 
dig the puddle-ditch, or gutter, as it is called, that it 
may be at least three feet below the bottom of the in- 
tended canal. When the ditch is ready to receive the 
compost of which the puddle is to be made, the loam 
and sand, in the proportions above stated, should be 
brought and thrown into the ditch, till its bottom is co- 
vered to about 12 or 13 inches in depth ; it is then to 
be well covered with water, and it may stand so coverec) 
a day or two, if no particular hurry be required in faci- 
litating the work. If expedition be required, the pud- 
dle-maker may commence his work immediately. The. 
workmen are generally provided with a good and strong 
pair of water-proof boots ; so equipped, they stand in the 
puddle-ditch. They are also supplied with a wooden 
chopper, or beater: the chopper is usually made of 
oak, with a rounded handle, and at its opposite end is 
the chopper, which is nothing more than a shaft worked 
away to an arris, and flat on its upper edge ; with such 
an instrument they keep cutting and breaking the com- 
post, at the same time treading it with their feet, till 
they get the whole completely incorporated and reduced 
to a tough and firm mass, and almost to a semi-fluid 
state all through the ditch, and when so reduced, it is 
left to precipitate itself, which is effected in 3 or 4 days: 
and if, after having stood so long, it is found to have 
become settled and firm’ not to give way by treading on 
it, it is deemed in a state to receive a second coat. 
When this is put into the trench, and the water let in to 
it, the workmen should endeavour, in breaking it up, 
to strike their beaters quite through it, till they. enter a 
small way into the coat previously prepared ; in the 
same way a third coat is to be added, till the trench be- 
comes full,, and sufficiently high to reach the top-water 
or summit-level of the canal, or even a few inches more. 
When the puddling is so far advanced, the banks of the 
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canal should be firmly made up, and die towing-path 
formed to die proposed width intended, the puddle 
should be covered by sods, and left for use ; after which 
the banks of the puddle-ditch may be cleared away, and 
the lining of the sides commenced. Their slope having 
been previously determined on, three feet is generally 
left to be supplied by the puddle lining. In cutting 
down the slope, all extraneous matter should be care- 
fully taken away, such as roots of trees and plants; all 
vermin holes should be well stopped and secured, and 
indeed every thing which is thought at all likely to dis- 
turb Ac coating about to be added; and when ready, it 
should be worked down quite straight by the excavator’s 
spade, and rendered tight and sound. After so much is 
done, the lining may be proceeded in, which consists in 
spreading on a coat of the puddle, varying from 7 to 12 
inches in thickness, all through the canal line, which is 
ready to receive it ; and when this coat is properly laid, 
and to the satisfaction of the resident overseer, it should 
be sprinkled with water, and remain fill the following 
day, when a second coat should be added, aud so on, 
till the coating has assumed the necessary and required 
thickness; and when done, it should be neatly smoothed 
down, and the water may be let into the canal. 

‘ It cannot be too much impressed upon all those who 
may be concerned in canal works, the necessity of par- 
ticularly attending to the puddle-lining. Leakage m a 
canal is attended with so many embarrassing conse- 
quences ; among them, loss of water is not me least, 
dilapidations of the embankments, and perhaps their be- 
ing wholly carried away ; for when percolation takes 
place, and that through made or artificial ground/ its 
solidity is of very short duration. Nevertheless, it is 
but too often carelessly done ; and this circumstance has 
led to an enormonsly extra expense, besides disgust in 
tile contiguous land-owners, who have found their 
grounds constantly inundated by the leakage iu the canal 
passing contiguously to them. 

A canal is said to be performed by level cutting when 
tiie natural state of lands through which it has to pass 
lure tolerably level, and approaching to a good summit- 
level to the next locks, both above and below it ; when 
a line is to be cut through such grounds, nature is said 
to favour the undertaking, and it is, perhaps, truly said, 
for in Flanders and Holland the canals require no other 
consideration than in performing them in this way, and 
in them few locks are required, as a good summit-level 
may be accomplished by embankments, which are there 
called dikes. These, in countries like Holland, are of 
great consequence, and are commonly made wide and 
bandsome, planted with rows of trees on their sides, and 
sometimes even paved ; they are, in fact, the high roads 
of communication between one part of the country and 
another, and afford to the public the greatest accommo- 
dation, in giving them a diy and commodious road 
throughout the year, which could not otherwise be easi- 
ly obtained in such swampy lands, which are more than 
half the year overflown by the swelling of the Rhine, 
and the consequent increase of water in the canals* 


The Dutch have die credit of having invented the 
compost, or puddling: it is true, their canals are all so 
done, and indeed without it, in canals such as theirs, it 
would be totally impracticable to .prevent their leaknig* 
Their embankments, or dikes, are sometimes raised 12 
feet, or higher, above the neighbouring land, and the 
top-water level reaches within two feet of die top of the 
dike. The difficulty of keeping in the. water, in aach 
high embankments, must be great, where nothing but 
earth is applied for the purpose ; but the Dutch pud- 
dle appears to make a complete barrier. The, writer 
of this article has examined the principal dikes in Hol- 
land and the Low Countries, and he invariably fouad 
they were coated with puddle, and in a similar manner 
to the way described above for weak or infirm embank- 
ments, except, perhaps, that they are more neatly dons 
than with us, and they use a kind of marly clay in the 
compost, which is often rejected by our, engineers. In- 
deed, canal making, in Holland, is a system interwoven ' 
with the-nature of the country. It would be a com- 
plete swamp if it were not for the canals : they perform 
the double purpose of facilitating inland navigation, and 
draining the country. 

Plate I. Fig. 1; is the section of a canal, sbewing it 
under circumstances of level cutting. AA the line of 
the contiguous ground, BB the artificial embankments, 
CC the width of the cut at top, and DD at bottom. 
The external slopes can be so formed as to be used for 
the towing paths. With respect to the slopes CD, 
they are determined open the principles already slated 
as prevailing among our best engineers for that purpose, 
viz. for every foot in depth, giving an horizontal base of 
one and a half foot ; and it follows from such received 
date, that a canal 6 feet deep will require its sides tube 
sloped S feet, and if it tiiould be 18 feet wide at the 
top water level, it would be 15 fleet at the bottom : 
hence may be deduced very useful proportions far ca» 
aais of greater dimensions, in which may be combined 
the practice found of qtibty in the smaller ones. 

Canals are cut through so, many variations in the 
ground’s surface, that it would be impossible to aatici- 
pate them all : it is intended here, however, to notice 
two other cuttings, which will, in some measure, allow 
of great extension of application. When the ground 
slopes down to the projected canal line, it is called tide- 
lying, and if a canal be forming through such ground, 
the work is said to be doing in side-lying ground. 
Plate I. Fig. 2, shews the section of a canal for 
such cutting. A A the sloping line of the ground: 
BB (lie embankments to be raised ; CC the width of 
the cut at top, and DD the width at bottom. It is of 
some importance to* so arrange the cutting, that the 
ground excavated from the canal be equal to make Up 
the embankments oa its sides : it is impossible that it 
should be so in all cases, but a great expense snay be 
saved, if a calculation foe made of it previously to set- 
ting out the summit-level of the work, as then the re- 
moval of the soil may be wheeled to the parts where it 
is most required, which wiH prevent heaps collecting 

about 
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about the works, which generates slovenliness, and 
sometimes the greatest inconvenience. Deep cutting 
arises when the canal approaches a hill, or the side of 
oue which it is intended to pass by deep or open cutting, 
rather than by tunneihng. Plate I. Fig. 8, represents 
the section of a canal by deep cutting ; AA, the in- 
clined ground to be passed, CC, width of canal at top, 
and DD die width at bottom : the sets-off II, are ge- 
nerally appropriated in such cuttings for the towrag 
paths, and are called by the navigators berms. They 
are also found to be exceedingly useful as a provision to 
prevent the loose ground which rolls down from the up- 
per banks B and C from falling into the canal. It is in 
cutting in such situations that the ability of the engineer 
displays itself ; he has often to contend with all the dif- 
ficulties of a bad stratification, in which, frequently, the 
percolating waters become so great as to stop the pro- 
ceedings. In such cases, pumps are bad recourse to ; 
but it sometimes happens, nevertheless, that he has no 
place in which he can convey the superfluous water, or ! 
if be has, he is not sure that it will not increase his dif- 
ficulties, rather than remove them. To offer expedients 
for such circumstances is impossible ; they must be met 
by the experience and resources of mind of him to whom 
die work is confided, and it will be well or ill per- 
formed, in proportion as his experience and talent pre- 
dominate. 

Canals of great traffic must be furnished occasionally 
in their course with passing places. They consist in 
giving an increase of breadth to the water way of the 
canal, so as to admit of boats resting by the way, with- 
out incommoding the navigation ; every canal has them, 
and die only precautions are, that they be made in as 
convenient places as can be, to promote the convenience 
of die traffic ; hollow and low places are generally se- 
lected as the most eligible, and near to the locks and 
basons if possible. By such places bein£ formed, the 
public derive accommodation, as it admits of a ready 
transit of produce and industry to the inhabitants in its 
neighbourhood. 

Reservoirs to canals, in most cases, are indispensable, 
in order to the keeping up a supply of water in its line ; 
they are artificial collections, getting their water from 
every source in their neighbourhood ; their size must be 
regulated by the quantity of water they are intended to 
contain, and that by the line of work which it may be 
intended to supply. They should be placed in situa- 
tions so as to contain an equable quantity throughout the 
year, and so contiguous to the canal, as to admit of an 
easy communication with it at all times. Wherever the 
reservoir is to be constructed, all the variations of the 
ground’s surface should be exactly noted down ; the na- 
ture of the soil proved, in order to ascertain, if bad and 
porous, where, and in what quantity, lining or puddling 
may be required for it. The water flowing through all 
springs, brooks, and rivulets, which it is determined to 
divert, to supply the reservoir, should be exactly gauged, 
and also the depth 'of the rains which usually fall. All 
such particulars being ascertained, the excavation may be 


commenced ; the same process is to be followed as has 
been recommended for the same kind of work in canals. 
The sloping of the banks is made rather more oblique 
than is practised for canals, commonly to every foot in 
depth an horizontal base of two feet, and if the excava- 
tion be in a strong clay, the horizontal base is made as 
much as three feet. Hie lining is performed in a simi- 
lar manner to the way pointed out for such work in 
canals. Every reservoir should be furnished with a 
gouge, indicating exactly the quantity of water that it 
can supply, &c.; if the gauge be a wooden post fixed in 
die reservoir, it might be accurately divided, so as to 
shew, by its divisions, the water lost by evaporation, or 
taken for the canal ; and this gauge would exhibit at 
once how the supply kept pace with the consumption^ 
In the event of an excess of water flowing into the re- 
servoir, which circumstance should always be anticipated 
in its construction, many plans have been suggested for 
disposing of it ; the most usual way, however, of pro- 
viding for a ready exit to such excess, is to form a weir 
or weirs, sometimes called tumbling bays, frequently at 
the corners, if die form of the reservoir be square ; if 
round, or a compound figure, at such places as is best 
adapted to its ready discharge. It will appear quite ob- 
vious, that the size and number of the tumbling bays 
must be regulated by the estimated quantity of water 
they may be called upon to discharge, or the greatest 
inconvenience may follow ; as in the event of their being 
too small or too few in number, in great swells of the 
springs arising from unusual rains, &c., the sides of the 
reservoirs may be overflown, to the destruction of its 
banks, and perhaps to the effect of blowing up and cav^ 
rying away die canal works in its neighbourhood. The 
construction of a tumbling bay consists in forming a ver- 
tical syphon in the embankment of the reservoir, com- 
posed of well-wrought masonry or brick, properly ce- 
mented, to which an horizontal communication is 
opened by the side of the embankment of the reservoir. 
The whole workmanship should be done in the most 
complete and perfect manner ; the bottom of the syphon 
should enter a culvert constructed in a similar way, 
which culvert or drain should be arched above and be- 
low, and be built upon an easy descent, so as to pro- 
mote an easy discharge of its contents. The culverts 
are frequently carried under the bottom of the reservoir, 
in which case it will be essential to keep them 'sufficient- 
ly low to admit of the lining being thick enough to 
secure its water-tight qualities. In cases in which ri- 
vulets or other streams are diverted to the supply of the 
reservoir, a somewhat different construction will be re- 
quired, than when it is fed by springs; this difference 
principally consists in an alteration of the approach by 
which the water is to enter ; such water is previously 
collected into a branch, or, as it is termed, a feeder, 
which is in fact a canal of smaller dimensions than the 
principal one* This feeder is constructed so as to pro- 
mote a current in its waters to the head of the reservoir, 
which it enters by a weir or gates, the sides or pirn of 
which should be formed of masonry, built on a piled 
4 G foundation, 
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foundation, io carrying op the work, which should be 
of large stones well joined, and the Walls battering back 
from the line of then: base, and somewhat curved in 
their whole height The tops should be coped with 
broad slabs of granite or free-stone, dovetailed together, 
or well cramped. The bottom of the weir should be 
formed by an inverted arch of masonry, well bedded in 
strong clay or puddle compost. The gates should be 
made of strong oak, with lower and upper cills, framed 
with rails and cross braces, fixed in the stone sides by 
bars of iron. An iron upper rail should traverse the 
top side of the whole. The gate or weir should be in 
height a few inches above the summitdevel of the reser- 
vpir, that the water from die feeder may Aow over the 
bar of iron attached to the upper citl. The reservoir 
supplies the canal by means of a pipe of cast iron, or 
other metal, or stone. This pipe is furnished with a 
cock which works on an endless screw, and is so ad* 
josttd as to be. easily turned by the overseer of die 
reservoir. 

Mr. J^ougbottom obtained a patent for the construe* 
don of reservoirs (see Repertory, voj. 4, p. 145), the 
only novelty in which was, he depended for a supply 
of water to the rains falling upon the earth's surface, 
which he proposes to collect together into one or more 
reservoirs ; the words of the patent run thus : “ My 
intention is calculated to supply canals, ponds, sluices, 
towns, or any other place wanting water, by making 
reservoirs upon high and moorish ground, or any other 
suitable place which are to be supplied m manner fol- 
lowing.” He adds farther, that “ he found that in 
twelve months there falls upon a superficial foot of 
land 3. 33 cubical feet of rain-water, exclusive of ex* 
halation, so that upon a statute acre there falls to the 
amount of 145,054. 80, or thereabouts;” again, he 
says, “ I can convey water felling upon 3,5Q0 acres 
into reservoirs for instance, “ I make a reservoir- of 
100 statute acres in the most eligible situation, from 
which open "drains, or sluices, are made in the most 
proper places for receiving water running fron* die 
surface of the grounds in rainy weather, which, ac- 
cording to calculation, will be nearly equal to 5,076 
cubit feet per acre, or 91,800 cubic feet per annum, 
brought into the reservoir, except in loss by soakage ; 
this may be done without any prejudice to rivers or 
mills. The area of a reservoir of 100 statute acres is 
4,356,000 superficial feet, and the average depth 9. 75 ; 
die puts are not included, so that 4,356,000, the area | 
by 9, gives 39,204,000, as contained in the reservoir of 
reserve^! water.” For conducting such water into the 
canal or sluice, he says, “ I make two aqueducts of 
stone or brick for conveying the water out of the re- 
servoir, from the bottom when the water falls per- 
. pendicular from its surface into the space of e large 
circle bf stone work, with which the openings of the 
aqueducts communicate; in. each of these I fix a paddle 
or dough equal to an opening of 15 inches by 12 
inches, which is rased by a screw fixed to it, and 
moving upright in a piece of iron fitted across at the 


upper part of it : upon it is a square box ioditding * 
female screw, in which die other moves, which is 
turned round by four small hand levers fixed to the 
box, and which rests upon a small iron bar, 
raises the screw and also the paddle, to the fol- 
lowing heights, vis. : with an opening of 3 inches by 
12 indies may be delivered 3 17,952 cubic feet of wafer 
in 24 hours ; with one of 6 inches by 12 inches, 680,730 
feet; with one 9 inches by 12 inches, 9274936 feet ; 
with one 12 inches by 12 indies, 1,222,560 feet; and 
one 12 indies by 15 inches, 1,512,000 feet, or a less, 
or a greater quantity, in proportion to the opening and 
velocity. The quantity of water required to be let out 
of the reservoir may be regularly ascertained, by fixing 
at the head of the screw a pointer, and an index above 
it accurately divided into indies and parts ; and as the 
paddle is raised by the screw fixed to it, the pointer at 
the end sliding upon the index wiU shew the quantity of 
water discharged upon every division of it as set forth ; 
as at 3 indies % height, 317,952 ; at 6 inches/ 630,730; 
at 9 inches, 927,936; and so in proportion to aU the 
several' proposed elevations.” This specification con- 
cludes with directions for forming smaller reservoirs, 
in which many ingenious suggestions am developed. 
The reservoirs here treated of have been considered as 
formed by embankments, which, in porous soils, have 
been recommended to be lined with puddling : m some, 
however, such embankments will not answer the pur- 
pose, in such cases the whole must be walled with 
brick or masonry ; and if of the former, the greatest 
care should he taken that they be well kid, and of great 
substance, with puddle linings behind them; dm ce- 
ment should be of fresh stone lime (and if ground in- 
stead of slaked with water the better,) mixed with sharp 
sand, and the mortar prepared for use only as wanted. 
The walls should batter back in their famght With a 
small curvature outside, dimintshiag in thickness as they 
ascend, and finish finally at the top to two bricks and a 
half. — The whole should be coped with granite, with 
the meetings fastened by dovetails. If it be determined 
to form the walls in masonry, which, in some situations, 
may be eligible from the abundance of stone at hand, 
the same plan in 'the form of the wall should be had 
recourse to ; and also, in previously lining the embank- 
ments, the ashlerings should be in as large pieces as 
may be conveniently obtained, and all venty or bad 
stones rejected.— The joinings, should be as dose as 
possible, with very little cement between them : the 
whole should be coped* as is directed before, for walls 
of bricks. Most of our canals are supplied by re- 
servoirs somewhere in their course, so that an en- 
gineer can scarcely anticipate a work of canal making 
without feeling that he may be called upon to exert his 
talents to the forming of a reservoir. The principal 
reservoirs that have been already formed to canals are, 
one at Ripley for the Cnftnford Canal; another at 
Milstone for the Grand Junction ; also, at Ainsworth 
for the Nottingham; at Marsden for tho Huddersfield ; 
at Littieboroigh on the Leicestershire Canal. The 
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Rodyerd Vale supplies the branch of the Caldon and 
Mersey, and occupies upwards of 150 acres, and is 
more than SO feet high. The St. Ferriol reservoir to 
the canal of Languedoc occupies a space of 590 acres : 
the walls of which are covered by ashlerings of freestone. 

Locks, or pound locks, in the consideration of which 
many important circumstances develop© themselves in 
the work Of a canal, are the barrier by which the 
water is kept to its summit- level ; in the several reaches 
On its tine, they also operate as toll bars for collecting 
fee tolls payable on navigating it : they fire placed as 
frequently on the line of the canal as the several levels 
require them, and make a kind of step in the line 
throughout its course. They have been the great desi- 
deratum in canal-making among the modems, as by the 
mating of which, waters have been pent up in the 
reaches between them,' supplying the means of na- 
vigation through high and low lands, from one part of 
the kingdom to another. In setting out a lock, care 
ought to be taken to get their Mis as equal as possible, 
and this can only be done by the previous care taken 
in adjusting tlig Summit-level of the canal. The lock 
comprises of itself a diacdber and two pair of gates ; 
the former is made of length and widwi adequate to 
admit one or more boats at a time either in ascending 
or descending the canal ; this is effected by letting the 
water out of the chamber ; if it be ascending, by open- 
ing the lower gates : but k is not usual to keep the 
lower gates of a lock shut, so that a boat or boats 
coming up the canal can be immediately towed into the 
lock, which, when in this state, is said to be empty, 
although k contains as much water at least as is in the 
lower reach of the canal ; when boats have thus entered 
the lock, the lower gates are loosened, and the paddles 
of fhe upper gates are gradually raised, which admit 
the 'Water to rush into the chamber of the lock: the 
velocity of the stream soon doses Completely the lower 
doors ; and When they are shut* the upper gates are 
regularly opened till the water has completely filled the 
lock, which it does in a very short time, and becomes 
at rest between the lower gates and the Upper reach of 
Ae canal. The tolls being paid to the overseer of the 
locks, the boats are towed out, and if no others art 
waiting to descend the canal, the lower gates are open^ 
ed dnd the upper ones are again dosed, when the loci 
empties itself and regains its f o r mer stale. It will be 
perceived, that the upper Kne of the canal will lose its 
waters m proportion to the working of the locks, hence 
it becomes desirable to tnake them as small as possible; 
and it is also of importance that they should be Of the 
same size throughout the line of the canal, that the lost 
it each lock may be equal, in which case the supply to 
be anticipated may be correctly ascertained. In the 
approaches' to all locks, both above and below them, 
there should be made resting, places, provided with 
oaken piles driven down close to the embankments, 
Which they may be made to support, with their upper 
ends crossed by strong whaling boards of oak, bolted 
with iron bolts to the heads of the piles. If the Whaling 


I boards have large iron rings fixed in theta, the barge- 
men will have the advantage of fastening their barge to 
them during the time they may have to wait for passing 
the lock. T wenty-fi ve-tonr boats, according to Mh 
Fulton, consume in ascending a lock of 8 feet rise, 
163 tons of water, and in descending the same, 103 
tons ; now, if such a data be correct, it would enable 
an engineer to make very accurate calculations of the 
loss in water in all his several locks upon the proposed 
line of the canal : that more water should be lost by 
ascending a lock than in descending, appears probable, 

; although the same space requires iiling in both cases ; 
but it does not appear so obvious, how so great a dif- 
ference as 60 tolls can take place ; but this could be 
settled by a reference to the draft Of the boat employed, 
knowing that it displaces as much water as its cubical 
contents, if it be laden adequately : these are all inves- 
tigations pressing on the consideration of the engineer. 
Plate 1, Fig . 4, is the ground plan of a lock, 
A, A, A, A ; 'strong pteri of masonry or brickwork 
bonded into die wing walk, F, F, F, F ; B the cham- 
ber Of the lock ; C C the gates' ; D D the side waits 
of the chamber ; E E the vertical syphons to take off 
the superfluous water from the head of the lock. The 
building of a lock requires the utmost attention in all 
its constructive parts ; when the form is traced out, 
and the top soil removed, the ground should be proved 
to ascertain its nature, and if soft and porous the foun- 
dations Should be piled all through, the tops of die 
piling should be regularly dawn down and planked with 
oak of not less than 9 inches in thickness, which plank- 
ing will form the platform on which the walls are to 
stand : in forming the foundation wall, Me attention 
mukt be had to the inverted arch, which composes the 
flooring of the chamber of the lock. See Section , 
Plate I, Erg. 5. Thb inverted arch, K, should be 
formed of hewn stone of staall curvature ; its thickness 
in the centre about two-thirds of that of its spring ; the 
joints of die vbissoirs are also all traced from the centre 
of curvature of the arch, and also the sprinting line ; 
the bottom of the arch should lay upon a good lining of 
puddle, and the joints of the stones Should be well 
cemented Sb OS to be water-tight; the abutments, or 
i bottom of the side-walls of the chamber, should be of 
' twice the thickness to what they are above, and should 
rack-back in ascending ; linings Of puddle will be ju- 
diciously employed in covering die earth of the em- 
bankment behind the chamber walls. Lock walls are 
j usually parallel to* each other, and the lock varying in 
* width from 14 to 18 feet, and in length from 70 to 90 , 
' foet. The plan, (Plate I, Fig. 4,) is conformable to 
I this proportion : the side walls of the chamber batlcr 
back as they approach the coping at their tops, about 
6 inches from their perpendicular ; and if they were 
made to have a slight curvature in their height, they 
would be much stronger for it. In building the piers, 
as shewn in the plan at A* it is necessity to observe, 
that they should be oUt of large blocks neatly worked and 
hollowed 1 out to admit of the gates working in them. The 
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wing walls should be raised in a similar way to the 
walls of the lock, except that no provision is required 
in them to receive an inverted arch, as the approach or 
breast of the lock requires no such protection. Aper- 
tures should be made through the side walls of the 
wings to admit of the superfluous water entering the 
culvert through the syphon, as seen in the plan at E, 
and in the section by the dotted lines ; and if die culvert 
be bent in its course, this water, if it be required, may 
be made to enter the chamber of the lock, a circum- 
stance of some importance when there is a scarcity of 
water. When the lock is so far formed, and its sy- 
phons and culverts made, the lock cills should be put 
down ; they consist in forcing into the ground at the 
two ends of the bottom of the chamber of the lock, a 
row of narrow piles extending from one side to die 
other : they should be driven as close togedier as pos- 
sible, and when so driven, they will form a chain across 
the two ends of the lock : in this state their tops should 
be sawn off auite level and smooth, and a sheeting, as 
it is called, of good oak or cast iron should be bolted 
on them With iron bolts, to form the lock cill for the 
gates to move upon, and also to protect the approaches 
to the lock. In the wing walls there should be in- 
serted in their progress some large blocks of stone, 
projecting somewhat from the face of the ashlering of 
the wall, and called bumping stones for the boats to 
strike against as they enter die approaches to the lock. 
The lock walls and those of 'the wings should be coped 
with granite, firmly fixed and cramped. The gates 
C C are made in two parts, and form at their meeting 
an obtuse angle ; they move in the hollow quoin stones, 
and by means of iron joggles fitted into sockets, 
which should be let into the hollow quoin stones of the 
piers A. Plate 1, Fig. 6, is the section of the lock; 
G G the granite coping ; H H the top of the sloping 
side walls ; 1 1 the base of the sloping wall ; K the in- 
verted arch at the bottom of the lock; L L the syphons 
of masonry or cast-iron, worked up in the wing walls at 
the bead of the lock to carry off die overflowing water; 
M M the culvert or drain ; N a cesspool to receive any 
matter carried by the water through the culvert, to pre- 
vent its overflowing or stopping up ; O O the horizon- 
tal apertures in the wing walls communicating with the 
syphons L L. These apertures should be made a few 
inches below the top-water level, and if formed in 
stone composed of a large block perforated quite 
through, and the size of the opening regulated by the 
quantity of water - to be discharged, but they might be 
formed of Cast iron with the best success. It will be 
unnecessary to add, that all the work of a lock requires 
the materials and workmanship of the very best quality^ 
and the engineer will more develope his constructive 
talent in adjusting its form and the modeof putting the 
materials of which it is to be formed together, than he 
can in any other of 'the arrangements arising out of the 
works connected with canal construction. Plate 1, 
Fig. 6, is a pair of lock gates : they are shewn to a 
larger scale than the plan or section of the lock which 


accompanies them, in order to exhibit the mode of 
their framing more obviously. They should be made 
of good seasoned oak, free from vents or sap, and are 
composed of several pieces known by the following de- 
signations: P P the balance beams, QQQQ the 
rails, R R R R the vertical styles, S S S S the braces, 
T T the paddle holes, and they are finally covered by 
oak planking giboved into the bottom rail and the ba- 
lance beam at top, the joints of which are also rebated, 
or grooved and tongued In some lock gates the board- 
ing is fitted in diagonally, in which case the braces 
may be dispensed with ; but greater strength can be 
accomplished by framing them as Shewn in Fig- 6, and 
there will be also a saving of wood. The scantling of 
the timber in the lock gates may be varied to meet the 
pressure they may have to sustain, but it wiU be iadis- 
creet to attempt making them too light. The rails 
QQQQ should not be less for ordinary purposes than 
10 inches in depth and six and a half inches in thickness, 
and this would be a very good scantling for the stiles 
R R R R ; and supposing the planking to be two 
inches and a half, the cross braces S S S S would be 
properly proportioned to be left seven inches on the 
face by four inches in thickness. The balance beam, 
which also forms the top rail of the gates may be made 
somewhat larger in scantling than the lower framing, 
and the stiles might be framed into it. If this beam 
was made at its smallest end eight inches square, and at 
its opposite end ten inches and a half, it would act as a 
good balance to the gates, and give to them great 
strength. The boarding should be flush on the upper 
side, and well spiked to the middle rail and also the 
braces. The projecting edges on the inside of the gates 
of die rails and braces should be splayed downwards in 
order to the water running quipkly off them, and the 
balance beam should be weathered on its top edge. 
The iron work to the gates consists merely ofits hinges, 
the socket of which are previously inserted in the stone 

r uns of the wing walls. In fixing the iron work it 
uld be made to lap quite over the .outside stiles and 
be bolted with iron bolts, with nuts, and screws. 
Sometimes the bottom of the gates are shod by plates 
of cast iron, and these plates are also continued up the 
centre stiles, and it must add great additional strength 
to the framing. Some have recommended the giving 
to the external form of lock gates a small degree of Cur- 
vature, supposing, no doubt, that by such cucuature 
they would give additional strength to the gates ; but 
the momentum of form would be more than surpassed 
by the loss of strength in the materials, as by cutting 
wood purposely circular so crosses its grain, as to leave 
it with very little strength at its joining, besides, a dou- 
ble expense in the actual cost of the gates themselves. 
It has been deemed proper to notice this -circumstance 
to prevent theoretical engineers from disappointing 
themselves in the application of curvatures to wooden 
framings in which strength is sought; for it will lose 
strength by such curvature in a ratio of greater propor- 
tion than it can possibly gain it, which will be easily 
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discovered by n inspection of the state of the fibre in 
' circular wood framing. . 

The paddle holes T T are small openings left in each 
fate, generally about twenty inches square, and to 
which a small door is fitted,; they are fpund of the 
greatest utility in preventing a too .sodden swell in filling 
the chamber of the lock, and . also in removing a portion 
of the pressure of the water from the gates wheu they 
are required to be opened in letting a boat descend the 
canal. They are so adjusted, to the boarding of the 
gates that they ( can, be, easily rpi#ed or , lowered by the 
overseer of the locks. This js done by supplyii^ a 
guard bar to the top of the jpite,. whiph is operated 
upon by a rack and pinion, that has the effect of 
lowering or raising the paddle doojs at pleasure. 
Amidst the considerations arising put of the detail of a 
lockr it will be eligible to notice that in long lines, and 
oq which .there is great traffic, sometimes there arises 
loo. great a scarcity, of. water to. supply the upper 
roaches, in consequence of which many expedients have 
been recommended, and some have been had recourse 
to, to avoid the inconvenience. On the Grand Junction 
Canal, reservoirs have been made to collect the waste 
water of the lpfckage, to which a steam engine has been 
erected, which pumps the water after having emptied 
itself into the reservoir, back again info that part of the 
canal from which it has been lost And there has bpen 
a tao another expedient recommended to remove the same 
inconvenience, under the designation of side ponds. A side 
pond or ponds consist in forming on the right and left 
0 f the chamber of th§ lock, a number of projecting cis- 
terns, varied gradually in jth$ir elevation, beginning a 
small distance from the bottom at the lower end of the 
lock, apd stepping up to the upper end or head of the 
lock, provided with paddle doors. These cisterns, in 
capacity, are made so as to contain all the water, or 
Dearly 99 , that passes the upper gates on a boat or boats 
ascending or descending the lock. When the chamber 

. th# lock is full the highest peddle doors are opened, 
and Ibr water empties itself into the cisterns .right and 
heft, and so on till all the cisterns are full, observing to 
fkut the doors of the cisterns as the water retires in the 
lock ; and thip is done till the chamber of die lock is 
go, emptied as to allow of its lower gates being opened. 
When the boat ascends or descends the can&l, it will be 
Seen by thbplan that very little waste or consumption of 
water JNkage can accrue, except that which must ne- 
cessarily be sp by allowing a sufficient quantity in the bot- 
tom of the lock to keep the boat afloat and level with the 
lower level of the water of the canal. Mr. Playfair, an 
architect who gave rise to this invention, obtained a pa- 
tent for it in July 1791 ; the specification of which may 
be seen in the Repertory, yol. 3. p. 303. In the pa- 
tent the application is supposed to be . employed under 
the following circumstances, for example ; “ a lock is 
Supposed to be constructed twelve feet deep, sixty feet 
long, and $x feet wide,” and it is calculated that the 
quantity <jf water required to fill such a lock to enable 
it to pasf a boat is 4,320 cubic feet, and in ascertaining 
what water m*y be necessary for Supplying the canal, 


allowing for waste by evaporation and soakage, it is 
found (according to the number of boats that may be 
expected to pass) that there will not be above 800 cubic 
feet for each ; and hence, it is added, it will he neces- 
sary to save five-sixths of the whole ; to do which ten 
cisterns are directed to be made, each of which must 
be one foot deep, and eacli have a surface of 360 feet 
superficial. The aperture or entrance to tbe lowest 
cistern must be one foot above the level of the water in 
the lower part of the canal, and eleven feet under the 
level of the high water; the second cistern two feet 
above tbe level of low water, and tbe third three 
feet, and so on. 

It has been deemed desirable to quote so much 
of Mr. Playfair’s specification to illustrate the applica- 
tion of side ponds, and it cannot fail of producing a 
conviction of their great utility to canal locks, when- 
ever there is reason to anticipate a want of water, as 
generally the greatest source of its loss is by the lock- 
age. By the application of side ponds, this inconve- 
nience may be in a great measure superceded, and at 
no great additional expense to die works. 

Basons. — These are formed in all towns Jo which the 
canal has a communication, in order to make a com- 
modious place for the boats to unload their cargoes and. 
to take in fresh ones. Their size varies , according to 
the importance of the town, or to the trade carried ' 
on at it. Surrounding the basons, a spacious area of 
ground should be gotten to admit of warehouses, cranes, 
toll-houses, and other stowage for goods, being built, 
with adequate space for all the vehicles employed, 
in the trade to receive a ready transit and exit in 
then* business about the bason. Convenient approaches 
should be formed to the wharfs for carts, aud also 
roads with the shortest and readiest way of their de- 
parting when laden or unladen. The toll-house should 
be placed near the principal entrance to the bason, 
and should consist of two or more rooms for the 
keeper, with an office and weighing bridge. In the 
office diould be written in legible characters the * dif- 
ferent tonnage and other charges to be collected, by the 
keeper, of tbe persons who trade on or about the bason 
of the canal, The construction of a bason consists in 
forming a chamber or head, sufficiently capacious to 
admit of boats resting in it, with room to unload and 
retire. The size, as before observed, must be com- 
mensurate to the number of boats expected at the bason* 
The embankments should be quite level with the wharfs, 
on contiguous ground, and about one foot higher than 
top water leveL Tfye termination of the bason is gene- 
rally made to form a bow or. semi-circle on the plan. 

All the embankments are faced by walls of masonry or 
brick, and tbe tops should be coped with large blocks, 
of granite. In raising the facings to a bason, the same 
precautions should be bad recourse to which have been 
previously recommended in the construction of the 
chamber of a. lock ; for instance, if a soft and porous v 
soil, piling must be employed in the foundations, with 
a covering of oaken phmk, and the earth embankment 
must be covered with a puddle lining previously to 
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raising the walls of the facing. The walls should be of 
great thickness at the bottom, racking back on their 
outsides and battering over on their insides ; and their 
slope will require to be in proportion and parallel to 
the canal embankment, in order to the general surface 
of the lines approximating together. In carrying up 
the faring walls, nevertheless, a few niches of curvature 
to produce a swell internally in their height would add 
greatly to their strength in resisting pressure. A bason 
must also be provided with a weir, syphon, or waste gate, 
in order to discharge the water constantly flowing into 
it from the upper reaches of the canal by waste of 
lockage, &c. If it be determined to discharge this 
water by a weir or syphon, (perhaps more than one 
may be necessary), culverts should be made to receive 
the water and discharge it at the most convenient places ; 
these culverts require executing in the most substantial 
manner to prevent their blowing up by the weight of 
water they may be called on to discharge. They should 
have also some cess-pools in their course to receive any 
solid or other matter floated into them through the 
weir or syphon. iSome basons are released from over- 
flowing by a waste gate ; this is the case with the 
bason to the Oxford canal at Oxford. This bason is 
so near the river Isis as to admit of an easy commu- 
nication with it ; and availing itself of this circumstance, 
the bank between them has been pierced through, and 
the embankment at the piercing right and left has been 
faced by masonry, ( See Plate 1 . Fig. 7 . ) From the waste 
gate V V, the writs right and left are splayed off at the 
embankments of the canal approaching the bason, and 
turned circular at their opposite ends, a rebate is left 
m the masonry for the gqtes to hang in at W W. The 
tops of the walls are copied with strong freestone, and 
the gates X are of oak ,j but without paddles. Return- 
ing again to the basoq; it will be necessary to ob- 
serve that guard rails *re found necessaiy to be fixed 
against their walls to prevent the boats from striking 
against them. The guard rails consist of a series of 
strong oaken piles driven down into die bed or bottom 
of the bason, slanting to the side of it at intervals of 
about ten feet ; and on their facing near their tops are 
broad planks or rails of oak strongly bolted to them 
with iron bolts. These generally form a continued 
chain, traversing the whole facing or embankment of 
the bason. Iron rings are fixed into the rails or piles 
at convenient intervals, for the purpose of allowing the 
bargemen to lasb their boats to, while taking out their 
cargoes. In some cases large stones are worked in the 
walls for this purpose, and called bumping stones, to 
which rings may be fixed for the lashing to of the boats. 

It will be necessary in this place to notice the several 
contrivances had recourse to for supporting the water 
in a canal, against accidents to its embankments, and 
other unforeseen events arising out of die imperfection 
of the means employed for such purpose. Safety gates 
are among the expedients made use of in such a di- 
lemma ; they are a contrivance for stopping the water 
in a long line of a canal wlie# there is danger of the 


embankments* giving way* * Plate 1. Mg. 8, > 
the plan of a safety gateor gates, P P the walk of i 
sonry or brickwork bull m each opposite bank of the 
canal, R R R R piers of masonry to strengthen their 
extreme ends, E E email projections worked up to slop 
and hinge the gate to ; K, sinkings in the wall to admit 
of the gate laying in flush with the wall ; D, die safety* 
gate. The plan is shewn with two gates, one for the 
purpose of supporting the water in the upper, and one 
also for the lower reach of die canal; and these can be 
shut as required by the repairs to be dene, whether up or 
down the canal. These gates move upon the same 
principles as lock-gates, and require a -similar contriv- 
ance, excepting that they are commonly in<a single gate 
only. The writs of the safety-gate should* be built on 
piled foundations of adequate substance at bottom, 
racking back outside, and battering inside, with a afigbt 
curvature ; they should aho be coped at their tbpsj 
The gates should be of good sound oaken wood, and 
prepared in a similar manner to lock-gates. (See Plate 
I. Fig. 6.) Advantage is sometimes taken, for the 
purpose of economy, of forming die safety-gates in the 
pier walls about the bridges, if bridges of masonryhapi 
pen in eligible places for the purpose. -TBgrijWwrflhe 
greatest utility on a canal, and claim pUdflBmaAantioift 
in arranging the most eligible site 'for Iw erection j 
and their mode of building* should be of the most sob* 
standal kind. They are indispensable in long level*, to 
protract dilapidation, where the cuttings are : 
banked. ' • ♦ 

There is also a contrivance of a similar i 
stop-gate, the construction of which does not differ 
materially from die safety-gate, except m its bring m ade 
to lie flat at the bottom of the canal, instead of being 
balanced above, as is the case with safelytgates* 
The mode of raising the stbp-gate is byo dais, winch 
is fixed to the gate underwater, and when it is required 
to be raised, the chain is used for that purpose. Stop* 
planks are also often employed on canals for stopping 
water ; they are a very simple contrivance* and consist 
in previously working up walls in the two opposite 
banks, formed with a groove or chase,* into winch the 
stop-planks are forced, and pressed down to the bottom 
of the canal. These answer the purpose effectually m 
narrow canals. Stop-bars are another contrivance, 
milar in manner to stop-planks, the walls for which arfl 
grooved to receive die bar; These are used as toll- 
bars, at the toll-offices on the canal line, and are to be 
so contrived, as to be opened and shut by the overseers 
attending at the toll-houses. They may be esteemed the 
turnpike-gates of a canal. * : ^ 

Aqueducts are frequently employed dJ- 
the purpose of extending it over rivers, and between two 
opposite ridges of high land. For (his fetter purpose^ 
they were often erected by the Romans, -to convey wai- 
ter for their baths and fountains, as the ruins of many of 
which still in existence folly demonstrate; but the Ro* 
man aqueducts were never intended for any other pun* 
pose thau to convey water for the peopleV use ; hence 
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they were confined* their itimtnniirat. and were little 
men than long narrow walls; with a void through them 
as a passage for the water. > The aqueduct at Chapanost 
neap LpoM, is raised upon arches of masonry, on (be 
tope of which is a. narrow channel for the water, arched 
over at top, the sise of which is 6 feet high and 3 foot 
wide, lined in the inside with a lining of strong cement 
about 5 inches in thickness, which is quite perfect event 
at due time. There is another at Montpelier, which 
passes the river De Beamon, and across die valley, of 
a similar eoaftruction. Louis le Grand ordered an 
aqueduct, which is bailt after the same manner, and 
which cosweys the water to V email es. They are also 
numerous in evesy part of Italy, and wherever else the 
Boasans extended their power; but since the discovery 
of Galdeo, which demonstrated die important effects of 
the weight and pressure of the atmosphere, aqueducts 
in die Roman meaner have become useless ; as his dis- 
coveries skewed that water would not only elevate itself 
to the syphon line, but might be raised to about 34 feet 
above that line, by the means only of the atmospheric 
pressure. Phis II. F^g. 1, is the plan of a design of 
an aqueduct bridge to cross a navigable river, supposed 
of 300 feet wide. AA the piers, BB the wing piers 
and- walk, CCC die water way ; die longitudinal dotted 
knee shew die coarse of the aqueduct in the superstruc- 
ture. JFEgv 2, is the elevatiou : It has been deemed eli- 
gible to shew a bridge of fob description, with some 
reference to arckkectaral design, which is too often neg- 
lected, when the expense would not be increased by 
attending to it, as whether a stone or brick is placed in 
one way or another, there can be no difference in its 
expense by such placing, bat in this placing arises all 
the difference between tie artist and the artisan. Fig. 3 
is die cross section of the bridge ; C foe spring of the 
cent re arch, shewiog the splaying sides and its intmdoe : 
H the solid masonry above the springing line ; DD the 
embankments end towing path to foe aqueduct ; EE the 
width of the water way at top, FF foe width of the wa- 
ter way at bottom. The rounded parapets II are pro- 
posed to be raised above the towing pan right and left, 
as a protection to the passengers moving on the sides of 
foe aqued u c t . The construction of an aqueduct bridge 
requires all the talents necessary to be displayed in the 
erecting of other bridges, with the additional skill of 
giviag-to the road way water-tight qualities. The piers 
of a bridge of tins description should stand on . piled 
foundations, in order to give them the greatest firmness, 
end the usual process of erecting pieces of masonry in 
water should be followed. Caissons, or water-tight 
boxes, should be made to raise the piers in, until they 
are built above the top water level; the abutment piers 
should be formed behind a coffer-dam, and foe whole 
of these ports of foe substructure should be raised to a 
similar height previously to raising the centering on 
which the arch is to be built. (For a particular de- 
scription of the caisson, coffer-dam, and other details 
connected with bridge building, see the article Masonry.) 

Slone is foe eligible material for building aqueducts, 


inasmuch at a greater firmness will result to foe parts, 
and without a firmness and equilibration in it, the aque- 
duct will be subject to leakage and dan pirfafot , Tim 
embankments at the two opposite ends or wings should: 
turn somewhat ontwarib, to allow of more easy ap- 
proach, as is common in most bridges. The tides or 
bonks of foe aqueduct, crossing the bridge, should be 
formed of solid masonry or brick-work, and of good rub- 
stance, battered over as they approach their tops, and 
somewhat curved, which will add to their strength and 
solidity. The edges of the well should be coped, and 
the banks or towing paths paved. The hung of the 
aqueduct should be conducted in a similar msaiui to 
pud dl i n g, excepting only it should not be common lining' 
of that nature. Parker’s cement makes an excellent 
lining, and is perfectly water-tight : this might be hud 
on the masonry to a consistence of about an inch in 
thickness, smoothly spread, to the fee# of which a coat- 
tig of common piddling might be applied, which toge- 
ther would be a secure protection against leakage. 

The multiplication of canals in every part of the 
country, with the experience arising oat of it, has pro- 
duced a new application to baildings for this purpose; 
for there has now been erected, to the Shrewsbury ca- 
nal, an aqneduct composed almost wholly of cast-iron; and 
which may be considered as the first of the kind ever 
formed. In the Rev. Mr. Plymley’s report of foe agri- 
culture of Shropshire, is foe following account of it, io 
which he says; “ The capal passes foe valley of Tern 
at Long, for a distance of 61 yards, upon an aqneduct 
made of cast iron, excepting only the nut* and screws, 
which are of wrought iron ; and I be&eve this to he the 
first aqueduct for the purposes of a navigable canal 
which has ever been composed of this metal. It has 
completely answered the intention, although it was fore- 
told that the different degrees of heat and cold would be 
such as to cause expansion and contraction,” from which 
it was concluded to be improper for this purpose. It 
is necessary only to observe, that the objections to iron 
were founded in fact, as all metals are more or less in- 
fluenced in their form by different degrees of tempera- 
ture ; and it was extremely probable, in the situation of 
an aqueduct, which is exposed so much to the vicissi- 
tudes of heat, cold, and oxidation, that it might turn 
out to be improper for that purpose. Time can only 
be the test of the propriety o# establishing aqueducts of 
cast iron. Nevertheless, there are several at this time 
erecting, but kt some of these there it a greater com- 
bination of stone, and also of Wood, than ha* been em- 
ployed in the one at the valley of Tern. Mr. Fulton, 
in hie treatise oa canal navigation, proposes that the 
“ buttmentsi and piers should be raised of stone, after 
which it will be necessaiy to extend pieces of timber 
across the span, and each to be traced back and covered 
with planks, to form a stage or scaffolding : on this is 
fixed the iron-work of the equeducty which maybe all cast 
io open sand, and of die following dimensions f for in- 
stance, the span 100 feet, and the versed sign of the 
arch i-6th of the span ; then three segmentSLof a circle, 
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each in three pieces, about 36 feet long, 8 inches by 4 
inches diameter, and to be united ; then three straight 
bars to extend from one pier to another, to be of the 
above diameter, may also be cast in three pieces, and 
which bars are to extend along the tops of the segments 
to the piers, and form a line parallel to the horizon. 
The bars apd segments to be united by perpendicular 
stirrups, IQ or 15 feet distant from each other. The 
mortise in the lower end of the stirrup being 13 inches 
long, will be sufficient to secure the segment, and leave 
soom for a bole two inches square, through which* 
cross brpce is to pass and fasten the segment at proper 
distances. The brace to have a mortise cast on each 
side of the stirrup, in order to allow of tightening the 
work by wedges. The trough plated should be at least 
one inch thick ; the side plates 6 feet wide, and as long 
as can conveniently be cast, which may be 12 feet, and 
perhaps more, the flange to be made outside of these 
plates. The bottom plates may be 6 feet wide and 13 
feet long, and in order to support the horse path, two 
of these plates laid across the stage and screwed toge- 
ther, with a flange under them, will compose a length 
equal to one of the side plates. The whole may in this 
manner be screwed together on packings of wool and 
tar, and the seams pitched. On the plates composing 
one side of the trough, brackets about 3 feet from the 
top must be cast and fixed, in order to support the 
horse-path : perpendicular rails, 8 feet long, being raised 
from the arms of the bottom plates will support the out- 
aide of the horse-path. . It is added, that by pursuing 
this method of forming an aqueduct of cast iron, very 
few patterns will be required; two will be sufficient for 
the trough-nlates, and but few will be required for the 
springs, npis, and spurs.” 

Mr. Jessop is performing a moat stupendous work of 
this kind on the Ellesmere canal, for crossing the Dee 
river, in which are empldyed 19 ponderous pillars of 
stone, at 52 feet distance from each other, the centre 
one of which is 126 feet high. On the tops of these 
pOlare are supported a number of elliptical cast-iron ribs, 
which by means of uprights and horizontal bars, support 
au aqueduct of cast iron 329 yards long, 20 feet wide, 
and 6 feet deep, formed of massy sheets of cast iron ce- 
mented and rivetted together, having on its southern 
side an iron platform for the horse or towing path. (See 
article Canal, Rees’s Cyclopedia.) 

To conclude, it will be necessary to observe, that 
every aqueduct ought to be provided with stop-gates at 
the most •convenient parts of its length, as well as sy- 
phons or other ineans -to drain off the water if required, 
for repairs or accidents. The stop-gates will be neces- 
sary to effect this purpose* and provision should be 
made for their erection in the first beginning of the work. 
They are most usually placed at the approaches or 
wings of the aqueduct 

Tunnels, or subterraneous passages, are mow become 
familiar, as a means of conveying canals through ridges 
of high ground and mountains ; they are also formed as 
*oads through hills and under the beds of great rivers* 


to keep up easy communications between parte other- 
wise inaccessible, except by routes circuitous, and of 
course tedious. Perforations -for this purpose were wot 
unknown to the ancients, for we find the Romans fre- 
quently making them in order to. carry forward their 
aqueducts. For this purpose they were not required on 
a large scale, but although small, they gave rise tp the 
practicability tfhich to the ingeuiotss was a sufficient sti- 
mulus to create the means of performing greater under- 
takings ; and which has now been acquired and effected 
through the multiplied local impediments which have 
presented themselves to inland navigation. The first 
subterraneous canal or tunnel ever made for the naviga- 
tion of boats, was at Beziers, on the Languedoc canal in 
France ; and it is believed the first in England - was at 
Wordey, by the late Duke of Bridgewater, but this was 
to establish a communication to his coal rabies only. 
However, there are now almost as many tunnels as there 
are canals, and the business of malting them is so well 
understood, that they are set about with as few prelimi- 
naries as the deep cutting of a canal* 

Previously to beginning a. tunnel, the hill through 
which it is to be formed should be bored in several 
parts, to ascertain the nature of the soil to be excavated. 
This being well ascertained, the needful tools and ma- 
chinery can be collected, that the work may proceed 
without delays. In setting out a tunnel, it is neces- 
sary to observe, that it must be quite .straight from one 
end to the other. In tracing the line of the, tunnel over 
the surface of the high ground, a number of small 
round poles are made use of, their tops painted white, 
to give diem a more obvious direction to the sight:, 
these are set up firmly with braces, at about 150 yards 
apart, and called by the navigators, excavators, or mi- 
ners’ bench-marks. When the line of the tunnel m ac- 
curately traced out, another row of bench-marks should 
be fixed parallel ami opposite to the first, at a mall 
distance vertically from the greatest diameter of the tun- 
nel. ' These bench-marks will be the places where the 
shafts-or pits are to be sunk, for the purpose of assisting 
the excavators or miners, and also of allowing the soil 
to be raised through. In sinking the shafts, winch 
should be at least 7 feet in diameter, and as deep per- 
pendicularly as the lowermost line of the bottom of the 
tunnel, a kirb should be made of wood, consisting of 
two circular ribs, and placed 4 or 5 feet from each 
other, .and boarded over. Wfith this kirb .the shafts can 
be sunk to any proposed depth, without danger of the 
ground giving way ; and the steining of the sides of the 
shafts with brick-work may .or may not be bad recourse 
to, in proportion to the strength of the *oil, which, if 
good, may be supported by braces and planks only. If 
die places of the shafts are>all marked out at the time of 
the trheing of the tuimel line, and sunk a small distance 
into the surface of the hill, they will, in the event of the 
bench-marks being broken down, remain as guides to 
the excavator. 

After the work has arrived so for, and every other 
needful arrangement made, in collecting machinery for 
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{emoving the soil, the work should be begun by cutting through it dud wedged with stidrag wedges. The strata 
down' die headings on each side of the hnl intended to RB may be of One and half or two inch deal, bolted 
he perforated, which should be excavated, and the soil with net* and screws to the ribs GG, and to die queens, 
removed, to allow of getting quite up to the approaches DD. The same boit which fastens the strutts to the ribs, 
of the tunnel. When the approaches are made, the may be trade also to fasten the lap-joints in the ribs also; 
form of the tunnel sbould be traced en the section of the the straining beam O may be in two thicknesses put ah 
bill, either by a mould er otherwise; The work hav- to each side of die ribs and heads of the queens, with k 
img so far proceeded, the perforating is to commence ; shoulder to the latter, and one bolt in each will suffice 
and this is done by opening a communication from the to fasten the whole. The meeting of the centre or rib, 
first or. second shaft soda the ground in the linn of the at the apex E, should be lapped and bolted with a nut 
tunnel, and working opposite to it right and left, Pre- and screw. This may be braced if required. The void 
paration sbould now be made at the top of die Shaft for F wilt be found useful to the workmen, in allowing 
raising up the sod, and this is done in several ways, the them an easy access into the tunnel to notice the state 
most common of which is to station at the top four or of the work, and also to see if any settlement is taking 
more men, standing oa a platform railed 3 or 4 feet from place in the centering, See.: which if found weak, cross- 
1 the ground; these men turn the handle which is at both braces may easily be fixed in k. 

ends of a roller, and to which a rope is fastened, with a It is not common to make a horse-path in a tunnel, 
square bucket er buckets appended to each end of it ; and dm is one of the greatest inconveniences attending on 
they are so regulated in size, as that two can move in boats passing through them, as the bargemen are obliged 
the shaft or pit at ooee : the men in working the roller, to scramble through as they can, by placing their hands 
that is by turning it round, raise one bucket while ano- against the wads, and pushing on their boat in any way. 
ther descends, and in this manner they keep raising the It would be perfectly easy to remove this inconvenience, 
soil as fast as it is excavated. Id some cases, a horse-gin by making the diameter of the tunnel somewhat larger, 
or turn-beam is employed, similar to those wed at coal and working into the walk, one foot above the top wa 
mines. As the taanemng proceeds, the upper ground ter tine, or if it were below that line it would not much 
should be well propped with planks, and every part se- signify, a number of iron brackets, projecting from the 
cured ; as the mineix advance in the line, abundance of brick-work about three feet ; on these brackets could bn 
ribs also should be prepared to turn the arch of the laid cast iron plates sufficiently strong to admit of horses 
tunnel upon, and moulds and trammels made for the passing over them. On the edge of this platform 
inverted arch forming the bottom. should be a small cast iron rail ; or there could be up 1 - 

The section of a tunnel consists in forming an invert- rights at all the brackets, with a perforation in their 
ed arch at its bottom, composed of masonry or brick- tops, to admit of a rope or chain passing through them, 
work : this arch is generally the s e gm ent of a circle, which would act as a- guard-chain or rope to the horsO- 
and is laid on a good bed of puddling. On the two pads. The tops of the iron platen might be covered 
ends of this arch rise the soffit arch of die tunnel, which with a strong soil and gravel for the horses to walk upon, 
in figure is commonly a simple catenaria, a parabola, and thus would be removed one of the greatest defects 
or ellipse, of sufficient elevation to admit of boats ridiag in the n avigation of a tunnel. 

easily through it. Platt II. Fig. 4, is the section of a The centering ribs should be made in three or more 
tunnel : A the inverted arch at bottoas, RB tbe fount*- parts, and they should be so adjusted together, that oh 
dations of the soffit arch, DD- E the shaft or pit fur the parts approaching one another they should produce 
taking up the sod excavated from the tunnel, FF, the the required arch, when they may be fixed with tiutS 
guard-rails and chock-bloeks fixed to the sides of the and screws, ta kin g care that die meetings be tight and 
< tunnel to keep off the boats. Tbe dotted lines afC is the close. Tbe lower or inverted arch being turned a small 

drain or sough to convey away the percolating waters. G way, die ribs for the soffit arch may be placed, S or 4 

J the soil to be rammed m open the soffit arch- Plate IL of which will be enough at a time ; and these are fixed 

5 > is the plan of the inverted arch toa burger scale. II on a piece of timber calleda sleeper, which is fastened at 

» This arch is commonly wrought with a trammel rod, the base of tbe pit, and upon the chock-blocks ; as dm 

w hich consists (if executed in brickwork) io setting up a ribs are raised and adjusted to their places, their upper 
vertical piece of wood, to which another piece is adjusted edges must be covered with laths to support the bricks 
by a centre which allows of an easy motion right and left, of the tunnel arch. When the first yard of the arch is 

and describes the figure of tbe segment by its motion. A tuned, the ground above the brick-work of the part 

is the trammel rod, B the vertical abaft to which it is formed must be well rammed and filled up, til it is as 

fixed. Tbe trammel can be shifted at pleasure, and is an sound and firm as possible, and this must afterwards be 

> easy contrivance for forming inverted arches. Plate II. repeated all through the work. After this is done and 

' Fig. 6, is the section of tbe soffit arch of a tunnel to a finished, more ribs must be placed and lathed, and the 

> larger scale, shewing it with its centering. The beam A arching again began. The workmen now look at their 

may be fixed upon tbe chock-blocks previously worked work with more firmness, as they see and compre* 

'■ into tbe inverted arch, at F, -Fig- 4- The queens DD bend it more completely: they begin now at each 

< maybe notched into the back of the- beam A, or mortised end of -dm already erected arch, one set of workmen 
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working one .way, and one set another, which they con- 
tinue till another yard .be done, which is filled up and 
lammed as before. It will be sometimes necessary to 
avoid the effects of the percolating waters, to make at 
intervals, or wherever it becomes troublesome, cross- 
drains or soughs running quite under the tunnel, into 
; which an opening can be made for the water to empty 
itself, and which may be carried off, or turned into the 
lower reach of the canal. 

- After three or more yards of the tunnel be completed, 
the work should be left to settle and get firm ; this will 
be effected in a week or two, according to the state of 
.the weather and the nature of the soil in which the tun- 
nel has been made. If the above circumstances be at 
all favourable, a week will be sufficient ; the nuts and 
screws may then be taken out of the ribs, and the first 
part of the tunnel centering taken down to be fixed in 
another part, and this may be continued all through the 
work, which wHi produce a great saving in ribs, Sur. 
jStiff clays are the best for forming tunnels through, as 
they require less shoring and other supports than looser 
soils in some siliceous and argillaceous soils ; the 
expenses of shoring and supporting the ground -above, 
with the danger attending the work afterwards, is of 
more Expense and difficulty, than at once beginning the 
worjc by open cutting, which in an instance or two has 
been obliged to be had recourse to, after many 
attempts at perforating such soils* The expense of 
canal tunnelling, as well as others, must vary as the 
.earth varies through !which it is intended- to be made ; 
in favoqrable circumstances, pretty accurate estimates, 
might be formed ; and as a reference, the following ac- 
count, which is taken from Dr. Rees’s Cyclopedia, 
article, Canal of the Tunnel at Blisworth, on the Grand 
Junction Canal, will suffice, as being the lateft which 
has been finished, (Feb. 1805). “The internal width 
is 16 feet and a half, the depth below the water-line to 
jthe inverted arch which forms the bottom is seven feet, 
; aod { the soffit, or crown of .the arch, is 11“ feet above 
«the sapae line. The ?ide walls are the segments of cir- 
cles of 20 feet radius, the top arch one of eight feet 
radius. The side, or top walls, are 17 inches in thick- 
ness, or two bricks, and the bottom, or inverted arch, 
J3 inches in thickness, or one and a half brick, every fifth 
£ourse of the top arch, and every eleventh of the side-walls 
is composed of two beading bricks, or wedge-like, one 
inch thick on the inside, and three at the back ; also 
^very fifth and eleventh course as above, (but between 
the courses of heading bricks), composed of bricks laid 
obliquely across the others, the front .and back corners 
being cut off, for that purpose ; in the .making, for more 
effectually , breaking the joints of the work obliged to be 
done in such short lengths. The mortar that was used, was 
composed of one bushel of Soytham lime, (blue lias), and 
three of good sand. Six inches under the water-line, on 
each side of the tunnel, slide-rails, of five inches square, 
were placed to keep the barges off the waits, and fixed by 
pieces of oak let into the wall below them, which rails 
project nine inches from the wall, and have at every 


nine feet a chock of wood upon the rails for the barge- 
men to set their pole against for shoving their barges 
along.” • It is added, that “ this tunnel was contracted 
for at 151. 13s. per yard run. The soil principally 
through which it was made was a hard blue clay, with 
two or three thin rocks in it, sufficient headings bad 
been executed several years before at the company’s 
expense. The same contractors were paid lO^d. per 
cubic yard for excavating the deep cutting at one end of 
the tunnel, and ] Id. a yard for the other. The ex- 
penses of . driving the headings, were from 36s. to 
4€s. 6d. per yard run ; nineteen „ shafts, or tunnel pits, 
some of diem 60 feet deep, were sunk for die use of 
the above tunnel, which cost about 30s. per yard in 
depth, including the steining.” From such data, very 
probable estimates may be calculated, taking into ac- 
count the different prices of labour and materials where 
such a work is proposed to be effected. The success 
attending tunnelling having been generally complete for 
canals, undertakings of the same nature have been pro- 
I posed for various other improvements in our inland 
communications. Highgate was fixed upon as one for 
this purpose, which certainly presented a spot in every 
way eligible for the undertaking, and from which the 
public might have derived considerable accommodation. 
The beading of this tunnel was began on the Holloway 
side of Highgate, and extended about 350 yards with 
about 30 yards of vertical cutting. The whole was 
marl and strong blue clay, with a compactness that re- 
quired very little propping, every thing in nature was fa- 
vourable to the success of this tunnel, and the work went 
on with adequate effect, till the arching commenced. 
It is too well known, that this arch has now given way, 
and it is for the engineers concerned in it to say, why. — 
It could not have , failed by reason of the soils in which 
it was formed, — as their compactness rendered their 
bearing on the arch of little or no importance. The 
shape of the arch made it capable of supporting ten 
times what was ever upon it, if the bricks had received 
adequate attention in their bondings If it failed for 
want of sufficient foundation, it is to be regretted : the 
inverted arch was not adequate for that purpose, as a 
very slight inspection will demonstrate. Antfif it fell down 
for want of support in this quarter, it must have been from 
the engineers’ ignorance of the nature of the pressure in 
such arches: — Arches formed of common bricks, when 
they are to assume a large diameter, require the utmost 
attention in their construction. The brick of the com- 
mon size is too small to make any figure as a voissoir in 
such arches, as it will not allow of falling into the radii 
of .their curvature ; if such arches exist, it is by virtue 
of the cement more than by reason of the shape of the 
materials of which they are formed. In die tunnel now 
making across Hyde-park, for conveying the superfluous 
water from: the neighbourhood of Paddington, the 
bricks which are to form the arch, are moulded into 
the shape of wedges, and are called joggle-bricks, the 
form of the joggle-brick is previously determined by 
drawing its shape from the centre of curvature of the 

arch. 
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arch, of which it is to form a voissoir, and they may be 
varied, as the figure of (he arch, is composed of more 
t hqn one centre of curvature ; hence the parabolic arch 
will require joggle-bricks of one. pattern for the top, and 
of another for the sides, such an arch being composed* 
of different segments- , 

' Bridges have continued to bfe erected through every 
succession of time, and are a leading point in developr 
mg the progress of science and the arts, as they appear 
generally well or ill contrived in proportion as they have 
advanced. Arcuation, within these last fifty years, has 
received deductions, arising froth out of mathematical in- 
vestigations, which has ranked it very high among the late 
discoveries made inscience by the* industry of the moderns. 
It has now been shewn that the voisaoirs of an arch can 
be given that form, in relation to the whole matter sur- 
rounding them, as to produce an equilibrated figure ; 
and this discovery has so far extended itself as to supply 
the principle by a table which sets forth its quantities to 
every species or degree of cury attire. This table was 
formed by Dr. Hutton, and may be consulted by turn- 
ing to BeiDGE^under the head of the article Arch i- 
pECTUBE, part i. page 34. The Bridges, to which the 
attention of engineers are commonly called, confine 
themselves to simple buildings, applied to the purposes 
of a canal ; they consist, most frequently, with us of 
wood, and their beauty consists in making them light, 
but adequately strong. 

Of tne different species of bridges the draw-bridge 
is the most common; it consists of the following particu- 
lars : Plate 1, Fig. 9* is th^plan of a drawkig-bridge ; 
D, the canal to be passed. Tne foundations, 'right and 
lpft of the canal, are supplied either by brick-walls, 
built battering, or by a row of four or more piles .of 
oak, forced down into the embankment, with a broad 
oak-rail oq their tops, splayed away to receive the two 
end-rails of the platform of the bridge. B B the em- 
bankments to the bridge. G the platform of the bridge. 

the vertical posts, fixed on. the bank of the canal, a 
little behind the hinges of the bridge; on the top of 
these posts are two long tapering pieces F, called the 
jbalance beams, which turn up by means of hinges near 
their middle, the small end*, being connected, with the 
platform, of the bridge by means of chains at their, further 
end, and which the heavy ends of the balance beams tare 
made to counterpoise. When such a bridge is required 
to be ifeised for a boat to pass it, it is necessary to take 
bold of the chains appended to the large , ends of the 
balance beams, which, being only just counterpoised, are 
easily pulled up, and when , raised, ( thi? chains me* hooked 
to die upright posts, to prevent accidents, aud the bridge 
remains, suspended. ", 

Bridges, called swivel-bridges, are sometimes made 
use of on canals; they are much more expensive, and may 
be easily put out of order by the want of attention in using 
them; they consist of a platform of wood covered; with 
planks; which is made about half as long again as. is re- 
quired for the bridge : one end of the platform is made 
jjght and (he other heavy, for the purpose of counterpoise, 


and the additional weight to the heavy end is produced 
by means of stowing large stones or pigs of iron at it, 
so that the bridge, when in its place, or at rest, may at- 
tain an equilibrium. At a point of about one-fifth of its 
length from the heavy end, a round plate is fixed, with 
an iron axis or pin standing up to enter a hole in the 
platform, which is prepared to receive it ; and on this 
pin the bridge is suspended, and which is alro its centre 
of motion; and in order to prevent impediments in 
turning the bridge round, a number of iron balls, two 
inches and a half, or three inches in diameter are let 
into the round plate, both above and below, to act as 
rollers to lessen the friction on the plates. The banks . 
are formed with a kind of recess to receive the bridge 
when moved from across the canal. The two ends of 
the platform, in order to allow of this horizontal mo- 
tion, are struck into two arcs, the centres of which are 
the axis or pin in the centre of the friction-plates. At 
Brussels, ami in other parts of Flanders, they have a 
kind of drawing-bridges composed wholly of iron : they 
are made somewhat similar to our drawing-bridges, 
except that they are raised by a cast iron wheel with 
cogs ; this wheel is about three feet in diameter, and is 
firmly fixed in the bank, and by being turned by a 
handle, raises the platform. It takes up much less room 
tha n our drawing or swivel-bridges, and answers every 
purpose. There are nine or ten to be seen at Brussels, 
constantly in motion; as ships or craft are passing up die 
canal. . Some of these iron bridges are cut in two in 
the centre, with wheels in each bank, so that by work- 
ing the wheels a few- degrees a ship may pass the canal, 
by its masts entering through the space left by raising the 
two platforms. These kind of bridges are made neces- 
sary from the- great width of the canals in comparison 
of ourr. The occupation bridge, at Rotterdam, is of 
this last description, and consists of two separate seg- 
ments, each supported independently; and when up for 
the! craft to pass, a yoid is made between the meetings 
,of the segments by which the masts enter. The conve- 
nience of such bridges is obvious, as the towing am go 
on without removing the line; foot passengers also can 
pass by the bridge while in motion, as the opening be^ 
tween > the meetings is never so wide but a person may 
step over it The crural* in Flanders/ Holland, and 
every part of France abound in ingenious light bridges : 
their drawing-bridges are on a scale the engineers of this 
country have not an idea : there are some over streams 
,120 feet wide, moved by wheels with more esse draft 
our little ones of 20 feet are by balance beams. 

The bridges of masonry on canals consist of one arch 
generally, with the difference only, of ^raking its span m 
much more than * the canal as to admit a towing path 
under it. The towing paths are made commonly on the 
lower side of die canal. The bridges over die canal at 
Paddington have towing paths on both sides,* and this, 
when there 0 room to do it, is a great convenience; 
besides adding additional strength to the abutments of 
the bridge. — -Guard rails should be fixed to the wings and 
approaches of tjie bridge, and also to the embankments 
p „ under 
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•ader the bridge* to keep the boats from da m a gin g dm 
works. 

Docks, from at first being only a simple cantmance 
at arsenals for the purpose of building or repairing a 
single ship, base extended themselves to a m ag n itude in 
capacity competent to contain whole fleets. The splen- 
dour of the docks created in London, and at many 
of the out ports, are a monument which excel the 
famous port Pireus in Greece, or Alex a nd ria, in 
Egypt, as much, or more than we. have excelled the 
Greeks and Remans in all the facilities to navigation, 
and the grandeur of our naval architecture. Tbe Greeks 
and. Romans no doubt have far surpassed us in aU die 
elegancies of taste and mvenfiaw m the fine arts-: in 
these arts they have combined and given form to matter, 
which could have resulted only from a higher degree of 
feeling, united to jotter notions of nature, than the 
coldness of our climate and habits can perceive, or 
hardta give power to copy. But if we are behind in 
die fine Arts, which, as mere copyists, we must be 
contented to be : in supplying aU manner of facilities to 
commerce (in which we excel ail nations, ancient and 
modem), in erectmg the immense docks and ware- 
houses inland, which we have done to receive and house 
safely the produce- of the world, and to an extent ade- 
gnfe for mat purpose : we have formed a monument at 
once of our genius* wealth, and skill, which will be aa 
/famous is the page of science) as dm monuments of 
Athens and Rome are now ia the volume of the A rts. 1 
A Dock consists in foe first place of a bason commen- 
surate to its intended purpose. A canal communicates 
therewith, supplied with aft- snST aa ce lode and gates. 
The budding of a dock embraces ail the skid applied to 
buildings in water. The embankments are to be traced 
out in the same manner as is done far canal lines, by 
sotting up bench-marks to indicate dm plan upon foe 
ground. Tbs whole of the e mba n kmen t s of a dock am 
su p porte d by walls of masonry or brickwork ; and as 
foe docks for faips require a great draught of water, 
they mast be made in depth adequate to attsw of ships 
of burden riding in them in safety: in consequence of 
which die depth of the docks must be great id compa- 
rison of canals. The London Docks are npwaids of 90 
feet deep. In raising the walls on foe rides of such 
reservoirs (as they may be catted), it wiH be obvious that 
foa greatest cam samt be taken. The fo u n da tions of walls 
for work* of this nature should be fanne d of double or 
pvon treble rows of piles; writhe inside row, which rum 
parallel to foe embankment, should be grooved on their 
o pp o si te sides, and be forced mto-foe ground aa dose 
tog eth er as possible ; and after bring so driven, stiles of 
yellow fir wrought sborid be driven down into tbs 
■groove made in each pile, so that the whole inside pil- 
ing may form a continued chain throughout its whole 
erteot.— 1 The planking to form foe platform for the 
wall, sh ould be all scorched previously to being laid 
upon foe heads of foe piling, and the joints or meetin g s 
. of the pla ntin g should be crossed or dove-tailed together. 
Jf foe walls be to be brik of bricks; care should be 


taken to lane them of foe. best quality, and as s qu a w 
and even as can be; and in order to st r e n gth e n their 
bond in foe mil, den of Dundee granite should occa- 
sionally be incorporated. The walk themselves should 
be for a height of 89 feet, of 15 bricks in thickness af 
the bottom, on planking racking-back on the side next 
the earth embankment, and battering on foe'inside of the 
dock, with tiers of bond of Dundee granite at every 
80th coarse throughout foe bright The slope of the 
wall should be in proportion to a scale before recited 
tinr lock writs of canals; and a curvature or swell shoul d 
be formed in die inside section of foe wall in the pro- 
portion of two inchest* every six feet: the wafts sboold, 
finally, finish at their tops to four bricks in thickness, 
and tbe whole be crowned by Mocks of Dundee or other 
granite, as a coping. — The mortar used for these Hn«ft 
of works ought to be particularly looked after, in order 
to its bring of good quality, or very little solidity wifl 
result to foe work. The ground stone lime with washed 
silieeoas earth, tbe former as fresh as possible, is the 
most likely to prove a good cement. The Roman ce- 
mmt, or Parker's, is of great otifity in some parts of 
dock-works. The docks, as Hriveotslnys, are formed 
wife dinkera cemented by Dutch-terras : it has tiers of 
bond traversing at every 4 feet, vertically, composed of 
black marble neatly wrought, which in every other stone 
goes quite through the wad, and (he top of foe wall is 
copad with Urge slabs of the same marble. The work 
of these docks from foe smaflness of foe bricks (about 
ft write s ring, 3 in width, and one and a half inch in 
tbkkness ;) and foe joint having very little cement in it; 
makes foe whole appear uncommonly neat, and which b 
not teas solid. These docks are about 18 feet perpendicu- 
lar hi depth, tbe side slopes from their base 5 feet 8 
inches.-— Hie opposite end to the cartel of communica- 
tion is formed into a bow or crescent. The walk aU 
round foi» dock have a slight swell or curvature in their 
height.— The canal leading to a dock generally branches 
out of its side, and is walled in a similar maimer to foe 
dock itself, and at its upper end or head is contracted 
by the walls being bent into a circular shape tilt they 
meet or intersect foe wing walls of foe lower end of foe 
chamber of foe lock. The lock is foe pound or cham- 
ber throug h whic h foe ship or ships enter from foe sea 
or river to which the dock is contiguous : to do cks of 
consequence the leeks are made from 30 to 40 feet 
wife, and about 18 feet deep and 150 feet long. They 
have gates at both ends, which require the utmost skiu 
« contriving them for tidsbrivers. The bottom of foe 
lock is formed by an inverted areb of masonry in n simi- 
lar manner to Amt of canal-locks, except on a large r 
scale, and of course of a more ponderous nature. r fte 
wafer are raised battering similar to those of foe docks, 
tri| fi refly , coped at their tops, weirs, syphons, waste- 
gates, and culverts, are all of use to dock-work, **“1 
must bo called in as foe nature of foe situation requires 
foam. Wherever it is intended to form docks n large 
site of ground’ should be selected,' in order to admit of 
abundance of room for a& kind- of stowage and ware- 
houses 
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bouses being built thereon ; for without abundance of I 
room very little accommodation can be expected by 
creating docks on such sites. The necessity of room 
in such concerns will more obviously appear by consi- 
dering the space occupied by the docks themselves in 
the three great concerns now effected in London. 

The London docks, which were built under the di- 
rection of Mr. Rennie, consist of two docks, with ba- 
sons, canals and locks. One lock is 1,260 feet long, 
and 690 feet broad, containing 20 acres, and the bason 
equal to three acres, the whole capable of containing 
£30 ships : the other dock, for outward bound ships, is 
of a similar dimension, and they communicate with each 
other by means of locks, and also with the Thames, at 
limehouse. The warehouses and offices for the clerks 
and keepers surrounding these docks are of a magnificent 
description, and afford abundance of protection and 
comfort to all the various stowage and persons connected 
therewith, — die architect is Mr. Alexander, and the es- 
timated expense of the whole is one million and a half 
sterling, and they are now nearly completed. 

The West India docks, to which Mr. Jessop was en- 
gineer, were begun in 1800, and are divided as before 
into two docks, basons, and locks. The homeward- 
bound dock is 2,600 feet long, and 500 feet broad, and 
will contain 300 sail. The outward-bound dock is the 
same length as the homeward-bound, but only 400 feet 
broad ; they join each other by means of locks, and at 
die end next Blackwali, with a bason 6 acres in extent, 
with sloping embankments, and which has a connexion 
with die Thames by a lock. At the other end of the 
docks, near limehouse, there is another bason of about 
£ acres, at which vessels go out : this bason, as well as 
die dodo, are wholly surrounded by walls of brick. 

The East India Company’s docks are also of great 
importance, being, with the warehouses, formed in a 
grand style : the late Mr. Holland was the architect. 
Hie dock for unloading inwards is 1,410 feet long, and 
560 feet broad. The one for loading outwards is 780 
feet long, and 520 feet broad. The entrance bason 
occupies a space of 2£ acres. The lock of communi- 
cation is 210 feet long, 46 feet wide, and the clear 
depth of water 24 feet. The whole of these docks are 
also surrounded by walls of great substance, and finally 
coped with manes of granite stone. 

These several works are appendages to our national 
importance, and are well calculated to inspire the liv- 
ing, who may view them with astonishment, and future 
ages, with veneration. 

After docks there is another appendage equally flow- 
ing from our great maritime power, and which con- 
sists in creating artificial piers # or break-waters, pro- 
jecting into the sea for the purpose^of giving security 
to vemels at. anchor against the violence of winds 
and currents, at such places where it has been 
deemed eligible to form ports or places for ships to an- 
chor at The late Mr. Smeaton was the first engineer 
amongst ns who embraced, in the boldness of his ge- 
nius, the requisite science for Such undertakings, which 


has had the effect of establishing his reputation beyond 
the chance of a failure. Every part of the country ex- 
hibits something of this man’s contrivance, either in ca- 
nals, bridges, harbours, or machinery ; and of course, 
every thing from such authority is of impbrtance, inas- 
much as it may teach those who have now to follow 
him how true fame may be acquired and become im- 
perishable. His papers have at last been collected and 
are now in train for publication, comprising all his re- 
ports, together with their estimates of all the several 
public works that he conducted, accompanied' by en- 
gravings, &c. # 

It is extremely difficult to give precise ideas for build- 
ings connected with sea-ports and their harbours ; for 
in such places the natural vicissitudes are what offer the . 
impediments, and they must be met in the various ways 
in which they present themselves by the skill and enter- 
prise of him to whom such buildings may be confided. 

I There have been piers or break-waters erected at many 
of our ports extending an immense distance oat into 
the set; for instance, at Sheerness, Ramsgate, fee. t 
and there have been also several on the opposite 
coast ; the one at Cherbourg is pre-eminent for bold- 
ness and genius. Some account of Mr. Bentham’s plan 
which he adopted at Sheerness Pier will be seen under 
the head of Buildings in Water, in our article Masonry. 
The great national work now undertaken m Plymouth 
Sound is perhaps on a scale for beyond any thing of 
the kind ever set about in the world before. Messrs. 
Rennie and Whitby are the engineers, land in such 
hands very little doubt can be entertained of its com- 
plete success. A time of peace, if ever it arrive, might 
have been the most ehaihie for an undertaking of so 
I extensive a kind, as allowing the means with better 
grace than at present ; but it is begun, and if it be per- 
severed in, the means must and will be furnished. In 
the reports laid before Parliament of this break-water 
is the following opinions and estimates, given in by 
Messrs. Rennie and Whitby, and on which the work 
was ordered to be commenced. Speaking of the Port 
of Plymouth and the proposed break-water, they say, 

“ There are, properly speaking, three entrances for 
men of war into Plymouth Sound: viz. one on the west 
side of the bay, bounded by a long cluster of small 
rocks called Scot’s Ground, and on which there is only 
from three to four fathoms at low water ; and on the 
East by the Knap and Panther, on which there is about 
the same depth of water. This channel is about 500 
fathoms wide, and the general depth is from five and a 
half to six fathoms at low water. The middle channel 
is bounded by the Knap and Panther on the West, and 
by the Tinker and Shovel on the East ; it is about 300 
fathoms wide, and the general depth of water is from 
six and a half to eight at low water. From the above 
description, it appears that a large part of the middle 
of Plymouth Sound may be said to be shut up by th# 
Shovel and St. Carlos Rocks, we mean as a channel for 

* This work is now publishing by Longman and Co* with en- 
gravings by Lowry, in S vols. price 71. 7s. 
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lttge ships. O f course, toy works that may be con- I 
structed on these rocks will be no obstruction to large I 
ships going in or coming out of the Sound. A question 
however will arise, whether if any works were to be 
extended beyctad these rocks they might not prove inju- 
rious ? On this subject the engineers add the following 
opinion, which they trust will prove satisfactory ; and 
that no injury whatever will arise from the extension of 
these works beyond these rocks. “ It is,” say they, 
*? a well known fact, that whenever a given quantity 
of water flows through a channel, the depth generally 
increases (unless the bottom be rock) in proportion as 
the width be diminished. Now if a work were to be 
formed in any part of Plymouth Sound, so much of the 
water-way or entrance as would be intercepted by that 
work would obstruct the current of the tide, and oblige 
it to pass through a narrower space : this would increase 
the velocity and occasion a greater scour, so as to 
deepen the bottom. If, therefore, a pier or break-water 
were to be constructed on the Shovel Rocks and ex- 
tended to the westward, so as to shut up in part the 
channel between them and the Panther, and also to 
shut up or narrow the spaces between St. Carlos Rocks 
and Andum point ; the tide being then confined to a 
narrower space, the velocity of the current would be 
increased and their channels deepened. We are there- 
fore decidedly of opinion, that if a pier or break-water 
were to be constructed in Plymouth Sound, having its 
Eastern end about sixty fa&oms East of St. Carlos 
Rocks, and its Western end about 300 fathoms West of 
the Shovel, forming in the whole a length of 850 fathoms, 
it would improve instead of injuring the entrance to Ply- 
mouth Sound ; and would with another pier, which we 
shall afterwards mention, completely shelter it from all 
storms^ without there being auy danger of its lessening 
the depth of water in the Sound, or any doubt of the 
practicability of executing the work. We propose that 
500 fathoms in length of the middle part of the pier 
or break-water shall be straight, and that 175 fathoms 
at each end should be inclined to the straight part in an 
angle of about 120*; these inclined ends will not only shel- 
ter a greater extent of the Sound, but will to a certain 
degree prevent the increase of the sea from agitating the 
Water. The eastern end, or that which points to Bon- 
yisand Bay, leaves the 'Eastern point of the Sound 
apparently too much exposed to south-easterly winds ; 
and although we are inclined to think that even with 
such an exposure nothing need be feared, yet as there 
ip a ready method of preventing any such danger we are 
unwilling to leave the matter in doubt, and therefore 
propose that a pier shall be extended from Audurn 
point towards the great break-water of about 400 fa- 
thoms in length, and having an inclined kant similar to 
the head of the great break-water, and forming an angle 
of about 120 degrees with it. These two inclined kants 
or heads will reflect the waves in such a manner as to 
prevent them from passing in any material degree 
through the opening between them, and will thus shelter 
the Sound. These break-waters will, it is remarked. 


enable fifty sail of the line to ride in safety in Plymouth 
Sound in all winds and in any weather, and with ample 
room to work out at one or other channel a9 the wind 
may suit. The mode of executing this great work fol- 
lows next in Order : 

“ The best manner of constructing the work will be by 
large blocks of stone thrown promiscuously into the sea, 
in the line of the intended break-water, leaving them 
to find their own base. These stones must be large; 
otherwise, with such a swell as in the Sound in stormy 
weather they would not remain in the place where they 
were deposited. From observations which we have 
made, stones of from about one and a half to two tons 
each will answer the purpose. Where the water is five 
fathoms deep the base of the break-water should not be 
less than seventy yards broad, and at the top ten yards, 
at the level of ten feet above the low water of the ordi- 
nary spring tides. It may, however, on trial be found 
necessary to carry it higher; but this will be ascertained 
during the execution of the work, when the effects of 
the sea on it will be seen, and it may then be carried 
higher if found necessary. It may be a question whe- 
ther this additional height shall be executed with cut or 
rubble stone, which it will be also time enough to de- 
cide when the break-water is raised above low water. 
We have in our estimates supposed this part of the 
work to be done with cut stone. It is Dot an easy mat- 
ter to calculate correctly what quantity of stone will be 
wanted for this great work, not only because the sea 
may form a more extensive base than we have supposed, 
but because the bottom being veiy uneven, and no cor- 
rect section of it having been obtained, we have there- 
fore made considerable allowance. Thus, suppose the 
great break-water to be 850 fathoms in length, ten yards 
broad at the top, and ten feet above low water of spring 
tides, and having a slope on the South or sea-side of 
three horizontals to one perpendicular, and on the 
Sound or land side one and a half horizontal to one 
perpendicular, there will be required about two mil- 
lions of tons of stone. If the pier from Andrun Point 
is built from the shelving rocks without the Point and 
not carried close to it, there will be required for this 
work 360,000 tons of stone.” 

To this Report is added the following estimate of the 
probable expense of executing the break-water, with the 
addition of erecting two lighthouses on each extreme 
point of the straight, or ceutre part of its superstructure. 

Estimate of the probable Expense of a Break-water 
and Pier for the sheltering of Plymouth Sound and 
Bouvisand Bay . 

To 2,000,000 tous of lime-stone, in blocks 
of from 1 to 2 tons each in weight in 

the breakwater, 7s. 6d 

To 360,000 tons in* the pier proposed to 
. be built from Andum Point, 7s. . . . 

Contingencies 20 per cent. 


1,051,200 

Estimate 


J£ 

750.000 

126.000 
175,200 
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Jg # inmate of the probable Expense of a Cut Stone Pier 
and two Light-Houses , to be built on the top of the 
Great Break-water. 


To 42,000 cubic yards of 'masoniy, in the £ 

out and inside walla of the pier, 27 s. . *44,700 

To 62,000 cubic yards of rubble, filling 
between in the in and outside w alls of 
the pier, 6s. . . . . . . . . . 18,600 

To paving the top of the pier with large 

blocks of stone, 8,500 sauare yards . . 22,950 

To two light-houses, with reflectors and 

argand lamps 5,006 

Contingencies 20 per cent. . ; . • . 28,650 


119,900 

To this report has been subjoined the opinion of Mr. 
Jessop, an engineer of great eminence and experience, 
entirely concurring in the plan of Messrs. Rennie and 
Whitby. Nevertheless Mr. Bentham, who has been 
employed in some works at Sheerness harbour, and who 
has invented a new mode of erecting masonry in and 
under water, has endeavoured to recommend bis ideas 
to the notice of Government for this break-water. Mr. 
Bentham’s invention consists in preparing masses of 
stone, intended as piers, to be sunk under water with 
sufficient vacuities in them, to render them specifically 
lighter than an equal bulk of water ; a mass so pre- 
pared is sunk, by letting the water into its vacuities. 
Tie bed of the river, or harbour, being previously pre- 
pared to receive it by machinery of the description of 
ballast heavers, that it may ground level. Should the 
ma.w not so ground, it is raised by pumping die water out 
of its vacuities, by which means it is again raised, and 
by letting in the water again it is lowered, and it may 
be-so raised and lowered till it ground to the satisfaction 
of the engineer. This is ingenious, inasmuch as it per- 
forms by means of the mass itself, the whole operation 
of caissons, or water-tight boxes, the assistance ge- 
nerally had recourse to for erecting piers in water ; but 
a caisson would be of no use in Plymouth Sound. If 
Mr. Bentham’s hollow stones are, however, as he 
has more than one plan for this break-water, and as the 
ideas of intelligent men are always of utility, we shall 
subjoin the following extracts from his report on that 
subject. Speaking of the plan of Messrs. Rennie and 
Whitby, he says, “ That such a work, even supposing 
sufficient precaution to have been taken to prevent aqy 
injury to the harbour during the execution of it, and 
that the work were completed in its greatest perfection, 
would nevertheless by opposing throughout its extent 
a complete interruption to the existing water, occa- 
sion such eddies in the wake of the work, and such an 
increased action on the bottom and sides of the parts 


• There appears an error in this item amounting to 12 , 0001. ; how 
It could have arisen cannot be explained in this place ; but it is to 
be hoped the estimate was not drawn up generally with so great a 
want of accuracy. 


left open, as could not fail of forming shoals more or 
less injurious according to the nature of the soil and 
other local circumstances. By one of my plans, a 
double row of cylindrical masses of stone-work, built in 
my new mode, are designed to be deposited in the di- 
rection most suitable to a break-water, (which probably 
would be different from that fixed on by Messrs. 
Rennie and Whitby), in such a manner as to leave an 
interval between each two masses above, equal to their 
diameter, and that the masses of one row should be 
| placed opposite the intervals in the other, so that while 
these two rows together form a complete obstacle to 
direct the course of the waves, the tide, or current, 
would be allowed to pass freely between them through* 
out the whole extent of the break-water, as also boats, 
or even small vessels in moderate weather. According 
to another variety of this mode, a single row of masses, 
more in the form of the piers of a bndge, might be de- 
posited at a greater distance from one another, and 
other masses of stone might be deposited upon diem, 
so as to form a kind of bridge, but differing from or- 
dinary bridges, inasmuch as that instead of the arch 
between the piers rising above the water, the bottom of 
the parts intermediate between the piers, would be kept 
sufficiently under low-water, as to afford a complete ob- 
stacle to the waves to the required depth, but leaving 
nevertheless very ample space underneath for the con- 
stant passage of the tide, or current. The upper part 
of such a break-water would be sloped on the side 
towards the sea, so as to afford an inclined plane for the 
waves to expend themselves upon in mounting : the in- 
terior sides of the masses, according to either of these 
modes, would be perpendicular, and by being hollowy 
might be converted to various useful purposes, whereby 
a compensation might be obtained to a considerable 
part of the expense/’ He adds, “ in considering fur- 
ther, that a diminution of water-way is objectionable, 

| and that raising works in masonry, is creating artificial 
rocks, against which ships are as likely to be carried to 
their destruction as against natural rocks ; I should pro- 
pose in preference to make floating break-waters in se- 
parate parts or floats of wood, because that material is 
sufficiently buoyant, without the need for depending on 
any cavities which might be liable to be filled with 
water, to make the floats of a triangular, or rather a 
prismatic shape, and to hold them in their places, by 
means of iron chains, &c.” In several other observa- 
tions of a general nature, is appended the estimate for 
executing the works by the several plans he has suggest- 
ed. The total of each is, via. by the plan in masonry, 
as before described,. 284, 6481. — by that of wooden-floats 
201,8261. If there be no other merit to recommend 
Mr. Bentham’s plan, than its comparative cheapness, that 
even ought to entitle it to consideration. The difficulty 
in employing his hollow masses, it is imagined would 
be much greater than he conceives. Six or seven fa- 
thoms low water, with a rocky bottom, would present 
such obstacles to getting them into their places firmly, 
(even if at all,) as in some measure makes the idea ap- 
pear 
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pear impracticable. To prepare the bed of Plymouth 
Sound with ballast-heavers, or any other machinery to 
receive the base of these cylindrical masses, is barely 
possible, aud without a base being previously prepared, 
and that tolerably even too, such cylinders would not 
stand. If there did not appear an impracticability in 
doing any thing at the bottom of the Sound, the engi- 
neers employed would not deem it eligible to throw in 
stones promiscuously into the line of the work to find 
their own base, as they would certainly rather prepare 
m base for them than waste materials and labour, with a 
chance of much less solidity, than producing the found- 
ation by regular and ascertained principles. The plan 
by floating rafts might be useful ; but it is more hap- 
pily adapted as a temporary expedient, than as a great 
national undertaking. To make Plymouth Sound a place 
of greater safety than it is admitted to be at present 
for our numerous fleets, and which is supposed to be 
the best adapted port for their security this island has to 
boast, renders such an undertaking of the first import- 
ance. If the proposed break-water has the effect of 
improving it, and at the sanm time giving to it the ad- 
vantages expected from it, the cost will be but a se- 
condary consideration. 

The erection of beacons and light-houses is a branch 
of the royal prerogative. The king has the exclusive 
power, by commission under his great seal. He am. 
order them to be erected, not only upon the royal de- 
mesnes, but upon the lands of the subject; which 
power of die crown is usually vested, by letters patent, 
in the office of the lord high admiral. And if the own- 
ers of die land, or any other person, shall destroy them 
or take them down, he shall forfeit and pay 10O£., and 
in case of inability to pay it, be ipso facto outlawed. 
By statute, 8 Elizabeth, c. 13, the corporation of the 
Trinity House were empowered to set up any beacons 
or sea-marks wherever they might think them necessary, 
and in them now almost the whole business, respecting 
the management of beacons, light-houses, &c. is vested. 
The Beacon is a simple contrivance of very early origin, 
as we find frequent mention made of such objects, not 
only in die scriptures, but in ancient history, and also 
in the early part of our own history. Beacons consisted 
chiefly in erecting on high places marks whereon were 
iixed barrels containing pitch or other combustible mat- 
ter, which, by night, operated as a warning by being 
bghted, and by day they gave notice of the approach 
of an enemy, by the volumes of smoke emitted. By 
the discovery of gunpowder, such expedients have been 
discontinued ; as rockets and other contrivances are 
found to answer the purpose infinitely better. A light- 
house is a different kind of building to a beacon, inas- 
much as it requires greater constructive excellence in the 
erection. Its use is chiefly to warn mariners, when na- 
vigating in the night, from approaching too near certain 
parts of the coast known as dangerous, either by cocks, 
shoals, or currents ; and it is also a land-mark by day. 
Such structures are of great national importance, and as 
such, cannot receive too much attention, either in fortn- 


ing them in the most substantial manner, or supplying 
them with the best lights. A light-house, as now 
erected, consists of an upright shaft of masonry or 
brick- work, built hollow in the inside, in which are 
winding stairs leading to its summit. The top is gene- 
rally surmounted by a coruice of stooe, with a space 
left sufficiently large to admit a single person safely 
to walk round upon it. On the top of the whole fabric 
is erected a lantern, often from 12 to 14 feet high, and 
6 or 7 feet in diameter, in the inside of which is a frame, 
to which are suspended," in various angles, and in as 
many elevations, a number of lamps and reflectors ; the 
lamps vary from 10 to as many as 15 in some light- 
houses. Such a body of light, and that reflected with 
the greatest power on an immense height, as they most 
frequently are, creates a surprising effect, fthich is dis- 
covered at sea by mariners when many leagues off, and 
which enables them to shape their course accordingly* 
The Eddystone light-house was erected by die 
late Mr. Smeaton, and in this is employed, per- 
haps, more ability than in any similar structure in exist- 
ence, arising out of the difficulty of erecting any thing 
in such a perilous situation* “ Mr. Winstanky began a 
light-house on the Eddystone rock in 16&6, which he 
was four years in finishing, which was formed wholly of 
wood. The following notices respecting Us operations 
may not be unacceptable. The first summer was spent 
by Mr. Winstanley and his people in making 12 large 
holes in the rock, and fastening as many irons, to hold 
the future work. In die course of the next summer, a 
solid body or round pilar, 12 feet high, and 14 feet in 
diameter, was completed. In the third year it was in- 
creased to 16 feet in diameter from die foundation, and 
the whole building was raised, which was 80 feet to the 
vane. In the fourth year, the diameter of die pills 
was encompassed in a new work, 4 feet in thickness, 
and the building raised 40 feet higher, when the light 
was exhibited/* This building was formed almost 
wholly of timber, and it did not meet with any accident 
till 1703, “ when standing in need of repair, Mr. -Win- 
Stanley came to see it; and having been among his 
friends previously to going off with his workmen, to 
view the repairs, the danger was intimated to him, and 
that one day or other the light-house would certainly be 
overset : he replied, “ He was so well assured of the 
strength of his building, he should only wish to be there 
in the greatest storm that ever blew under the face of 
the heavens, that he might see what effect it would have 
on the structure.” Mr. Winstanley was but too amply 
gratified in his wish ; for while he was there with his 
workmen, that dreadful storm began, which raged the 
most violently upon the 26th of November 1703, in the 
night ; and of all the accounts of the kind which history 
furnishes us with, we have none that exceeded this in 
Great Britain, or was more injurious or extensive in its 
devastation. The next morning, Nov. 27, when the 
violence of the storm had in some measure subsided, 
that it could be seen whether the light-house had suffer- 
ed by it, nothing appeared standing, but, upon a nearer 

inspection. 
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inspection, some of die large irons whereby die works 
were fixed upon the rock; nor were any of the 
people, or any of the materials, ever heard of after- 
wards.” 

The next light-house built on the Eddystone, was by 
Mr. Rudyerd : it was finished iu 1709, and destroyed 
by fire in 1755. It was now deemed eligible to erect a 
building, if found possible, not so likely to meet its de- 
struction, either by the violence of the sea, or the effect 
of fire, as both the former had been destroyed by one 
or the other. Mr. Smeaton was now employed, and, 
contrary to the received and popular opinion, that no 
building could be made to stand except one formed of 
wood, he shewed a contrary design, and boldly projected 
a light-house of stone ; and, as he himself says, “ he shall 
endeavour to form it and put it together, so that while, 
by a similarity of construction, no man shall be able to 
tell him at what joint it should overset ; for if at any given 
height the uppermost course was then completed safe, 
it became more safe by another course being laid upon 
it ; and though that upper course were somewhat less in 
weight, and in the total cohesion of its parts, than the 
former, yet every course, from the first foundation, was 
less and less subject to the heavy stroke of the sea.” 
This building was formed to resist the effect of both 
wind and water, and these acting on it occasionally in a 
most tremendous way. The light-house is wholly of cut- 
masonry, about 16 feet in diameter at bottom, and dimi- 
nishing upwards conically ; it is 73 feet 6 inches in height, 
.measuring from the rock on which it stands to the top 
of the cornice. Mr. Smeaton chose a curve for this 
structure with its concavity turned outwards, and the 
judiciousness of such a choice is now fully established. 
From the top of the cornice to the base of the lantern 
is 7 feet 6 inches, and from thence to the summit of the 
ball 17 feet 6 inches, which together make a total 
height for this structure of 97 feet 6 inches. 

The form of such buildings has involved considera- 
ble intricacy of mathematical investigation. M. La 
Grange has calculated that a cylinder is the strongest 
form for resisting flexure, which is contrary to the known 
foci, and could be only deduced from the intricacy of 
the investigation. If it were calculated what would be 
the best form for a wooden column, which to a certain 
depth was always to remain exposed to the water, it 
would be found that a cone or pyramid would possess 
the greatest possible strength for supporting the velocity 
of the water. And for resisting the wind also, the fi- 
gure must be made more acute than it would otherwise 
be necessary for resisting the water only. For withr 
standing a force which tends to overset the building, the 
form in which the weight gives the greatest portion of 
resistance is that of a conoid, or a solid of which the 
outline is a parabola concave towards the axis. And 
for procuring, by means of the weight, the greatest 
quantity of adhesion of the parts, the form should be 
cylindrical. To effect with success any works exposed 
to all the multiplied events arising out of the effects of 
nature, will require a tedious investigation, which will 


involve all the skill and foresight of the engineer to whom 
such works may be confided. 

The forming of roads is of considerable importance 
to every well-regulated countiy ; and although it has 
been, perhaps, too much neglected in our own, it is now 
receiving that attention which its importance requires. 

Roads are divided into military-roads, double-roads, 
and subterraneous-roads. 

The leading feature in marking out a road consists in 
selecting such parts of the country as will enable it to 
reach the point to which it is intended to terminate by 
the shortest routes, with as little deep-cutting of hills 
as possible; and if that cannot be avoided, to so ar- 
range it, that the soil removed be easily conveyed to 
those places v which most require filling up. The 
Romans took great pains in forming their military- 
roads, as numerous vestiges still remaining attest : the 
Via Appia is the most remarkable ; it was, according 
to Procopius, five days 9 journey in length, which Leip- 
sius computes at 350 miles ; it was paved with hewn 
free-stone, which has remained almost entire for 1,800 
years. All the roads on the continent are, in some 
measure, formed after the manner of the Roman mili- . 
tary roads. The roads leading to Paris, in almost every 
direction, are divided into three divisions or parts, and 
planted with as many rows of trees. The centre division 
is raised considerably above the two roads on its sides, 
or lateral roads, and is finished by a pav6. This road 
is intended for public carriages, and on which they 
are obliged to move, under a heavy penalty. The late- 
ral roads are made up of limestone, and covered with 
screened gravel, similar to our own manner. These 
roads, right and left of the centre road, are used for the 
noblesse, and persons riding in their own carriages. 
The centre road is adequately wide to admit of three or 
more carriages abreast, which allows of crossing with- 
out inconvenience ; and the other two roads are wide 
enough for one or two carriages to mpve easily, but are 
so regulated, that no carriage is found on die wrong 
road : hence no interruption arises, as the travellers are 
always found on their own road. There is also a walk 
on each side of the two lateral roads, for foot passen- 
gers. In Normandy, the apple tree is the one selected 
for planting the road sides ; and in the season the great 
abundance of the fruit is astonishing to travellers. The 
roads in France are a considerable ornament to the 
country, and at all the approaches to the capital, they are 
ornamented by elegant barriers, with spacious buildings 
for collecting the duties. Some of these buildings are 
in the shape of antique-temples, others round, and 
being wholly formed of free-stone, add greatly to the 
splendour of the approaches to Paris. The French 
consider a straight line as the most eligible for a road ; 
hence all their roads appear a complete vista, tedious, 
no doubt, to a traveller, but it etiables him to reach his 
journey’s end by the shortest meads ; a thing of some 
importance in a great coudtry. Id England the roads 
| are as they were left from time immemorial, and par- 
take greatly of the general feature of the landscape of the 
4 L country, 
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country, which they, in no small way, enliven and sup- 
port. Our roads, such as they are, seem to partake 
not in the least of art, which is the opposite to 
those on the continent; and whether we ought to 
uphold our own fashion in road making, if no great public 
inconvenience arises out of it, remains with ourselves. 

A road should always have a good bottom ; and as 
most parts of die country abound in limestone, the most 
eligible material for making one, it certainly would 
be easy to accomplish that object. On the top of die 
limestone, screenings of gravel would be die most de- 
sirable covering. The great Bath road is so formed. 
Every road ought to be well drained of the waters fall- 
ing on it ; and also, those waters which may occasion- 
ally overflow it, all should find a ready exit, through 
culverts formed on its sides, or under it; for water lying 
on roads, particularly such as ours are, more dilapidates 
diem than the traffic. There has been, at different times, 
many experiments made to uphold the roads, for the 
wear and tear has been found so great, as to prevent their 
being kept in tolerable repair : out of these experiments, 
which have been more directed to the carriages going on 
diem perhaps than the form of the roads themselves, 
has arisen several ideas, such as the making of the wheels 
of greater width, and of altering the line of draught of the 
animals working in tKe carriages, putting cylindrical 
wheels to our heavy waggons instead of those of the pre- 
sent fashion which are conical ; and one projector pro- 
posed, in order to make the line of draught easier, to put 
the highest wheels of his carriages foremost. Mr. Cum- 
mings, to whom the committee of the House of Com- 
mons particularly referred on this subject, did not, 
after deliberation, deem it eligible to give their support to 
any of the numerous plans suggested ; and, of course, 
the alterations projected were not attended to, and j 
our roads and carnages remain precisely as they were, 
but partaking of the natural improvement arising from 
out of the ingenuity of die people. 

Iron or rail roads follow last in order. The origin 
of which may be traced back to the year 1680. About 
that period coal came to be substituted for wood as 
fuel in London and other places; the consequence 
wa s, that at the mines the greatest inconvenience ac- 
crued in conveying the coal from them to the ships, as 
well as immense expense in horses and machinery for 
the propose ; to remove which, waggon roads were made, 
consisting of wooden rails or ledges, which die waggons 
were formed to move upon, and from out of which im- 
provement it was found that a single horse could easily 
draw a waggon on these rails, which previously required 
three or more horses to be employed to effect by the 
common roads ; and it was also drawn more quickly, 
arising from laying down the frames upon an easy descent, 
which was always done. 

In 1 738, this improvement was farther improved by 
substituting cast-iron rails instead of the old wooden 
ones; but owing to the old fashion waggons continuing 
to be employed which were of too much weight for the 
cast-iron, they did not completely succeed in this first 


attempt. However, about die year 1768, a simple 
contrivance was attempted, which was to make a num- 
ber of smaller waggons and link diem together ; and by 
thus diffusing the weight of one large waggon into many, 
the principal cause of the failure in the first instance 
was removed, because the weight was more divided 
upon the iron. In 1797, these roads having stricken the 
minds of intelligent men as of great importance, nume- 
rous essays appeared # setting forth their utility, and ss 
many plans for rendering them of permanent construc- 
tion. Hence cast-iron rail-roads became a second dea- 
deratum to canals, excepting only that the invention is 
due to Englishmen. After tibia time die cast-iron rail- 
ways began to be constructed as branches to canals, and 
in some places as roads of traffic from one place to an- 
other, established upon permanent principles, so as to 
produce a permanent revenue to the undertakers. In 
surveying a line to set out a rail-way upon, it will be 
necessaiy, as a preliminary step, to ascertain as accu- 
rately as the nature of the thing admits, the quantity of 
lading expected to traverse each way upon its line; be- 
cause in forming the slope or descent, this will be the 
data on which to ground a medium for effecting the 
required purpose most easily. If it should turn out that 
as much ladiog is expected one way as the other, with a 
preponderance at periods only, the railing most in such 
| a case be set out in levels or in lines nearly level, and the 
ascent and descents made by planes inclined accordingly. 
Previously to beginning any part of the work, that is of lay- 
ing the sleepers, &c. for the iron-rails, a rough sketch or 
section of all the different routes intended to be passed by 
the rail-way should be made, from which, and a view of 
the ground the engineer will be enabled to determine the 
place, and also the extent of the inclined planes which will 
be required in passing the steeper parts or the rising ground 
to which these planes are to be employed : it will always 
be desirable to get them as short as the site of the place 
will admit. In tracing out the line of a rail-road, the fol- 
lowing method is pursued by our best engineers : they be- 
gin at the highest point, using a chain (of 100 links), and 
also berms, or bench-marks, and targets as they are called. 
The chain is stretched out upon the ground with one end 
being held at the point of the deepest turn, fmd the 
other turned round upon the face of the descent, until 
a point marked by this end is found, which is one link 
lower than the upper end, or nearly so. The chain is 
still carried forwards till its hinder end reaches the point 
last determined. The other end is then moved, and an- 
other point is ascertained one link lower than the last, 
and the operation is so continued, by which a line hav- 
ing the regular descent of one link to each chain will 
be traced out on the site of the intended rail-road.” 
The bench marks are to be put in at each successive 
observation to mark the place found, and if it turn out 
irregular and crooked, the operation must be again 
repeated till the line appear more regular and without aity 
sudden bends or crooks which must be always removed 

4 See Dr. Anderson's Recreations, Nicholson’s JonmaL Reper- 
tory, Ac. Ac* n 
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and made undulating and easy, which will prevent un- shape, as best suits the nature of the place to be passed, 
necessary friction in the wheels of the carriages against Plate 2, Fig . 8, represents the plan of the two meet- 
the ribs of the rails. The rail-road when firet marked ing cast-iron plates, DD; time plates should be 
out has a stake or marie set up at every chain in length ; accurately modelled in wood for the founder ; and they 
and these marks are die guides by which the workmen should be so adjusted as that one model may serve for 
begin the operation of putting down the roads. When as many passing places as possible on the line of the 
sodden valleys present themselves approaching to higher proposed road ; F F shews the joints where the com-' 
ground, it will be necessary so to conduct the line as mon rails meet the passing ones; E E are moveable 
to cut into the bill at each side, and the cutting from the iron tongues placed in the centre of the passing plate ; 
latter will be useful in raising the road-way of the former. D D, which allow, by turning them round on a centre, 
On approaching rivers or brooks which it is determined of being removed to either side of the plate to keep 
to pass, it will be necessary to keep up the rail-rood to a the. wheels of the waggons in the track required ; so 
higher-level by embankments, and on passing the water to that a waggon may go on either side of the road by 
raise a platform on purpose for it, composed of piers putting the tongue in the opposite direction. The side 
of masonry or columns of iron, with a covering of iron railsare shewn at G G ; these consist of common side 
also to receive the rails ; or a bridge altogether similar rails, except only that they must be modelled and 
to an aqueduct bridge will answer the purpose. Rail- founded to the intended shape of the passing place. HH 
ways may be divided into single and double : by the shews the horse-path of the rail-road at the passing 
former are understood when a single readonly is formed ; place. Plate 2, Fig. 9, exhibits a single length of a 
by the latter, when two or more are made for the ready common rail for a road with its projecting margin ; K 
passage of waggons np and down the road. Single to keep the waggon wheels in the track ; as also the 
roads are generally made, including horse and attendant grooves, I I, through the ends or meetings to allow of 
paths, four yards wide ; and double ones vaiy from six their being fastened to the stone sleepers. The com* 
to eight yards wide, exclusive of all the common ap- mon method of fastening the cast-iron rails to the stone 
pendages to such roads of drains, fences, &c. 8tc. in sleepers, consists in previously making in the stone an 
formiiigpermanent rail-ways stone sleepers are neces- octangular perforation opposite to every joint intended 
sary. Tnese consist of pieces of good sound free-stone in the cast-iron rails, into which a trunnion of good 
with their upper faces wrought fair, and should weigh sound oak is fitted, with the grain of the wood pre* 
from 1 50 to 2001b. each, with their ends which sen ting its section uppermost. The perforations to 
come together wrought smooth, so that the joints may receive the , oaken trunnions should be made quite 
be firm and close. The work of setting the sleepers through the stone, in order to prevent the effects of the 
must commence as soon as the road has received a to- frost, which, if not through, the water laying in the 
lerable surface m point of regularity. In cases in which hole, will become frozen, expand, and shiver the stone into 
there has been much making up or embanking the pieces. When the iron rails are nicely arranged upon the 
ground, short piles (as shewn Plate 2, Fig. 7 , B B) bearers or sleepers, they are to be fixed down by driving 
should be driven down to receive the stone-sleepers, an iron key pointed at its lower end, so as to allow of its 
talcing care to let the head of the pile come exactly being driven into the oaken trunnion ; the iron key has 
under each meeting or joint of the stone-sleeper. a head projecting similar to the letter T ; and its lower 

In commencing the work of laying down the stones, shaft is made exactly in size to fill the void or groove 
great exactness will be necessary in order to the iron-rails left in the ends of the iron rails, as shewn at 1 1, Fig . 9» 
laying firmly on them ; when one of the stone sleepers is The common cast-iron rails for roads are formed in 
laid in the proper place for one side of the rail-way, lengths of about three feet each ; they are made about , 
and nicely bedded and rammed down, another is to be laid four inches wide upon the flat, or that part intended 
at four feet distance from it, and bedded iu a similar way. for the wheel of the waggon to move upon, and which 
When these two stones are laid, they will operate as is about one inch in thickness, sloped off a little to the 

S ides for proceeding in laying more stooes, right and horse-track : the projecting rim rises two inches and a 
It, which should be carried forward together. A A, half from the flat or bottom of the rail ; in its centre 
Plate 2, Fig. 7, represents the stone sleepers ; B B forming the segment of a circle projecting upwards 
the piles or blocks for supporting the sleepers in infirm about an inch only at its meetings. (See Fig. 9) 
ground ; C C the sections for the cast-iron rails. The cast-iron plates at the passing places should be 
Every tram or rail-road must be provided with passing made somewhat stronger than the common rails, as at 
places; a passing place consists in forming huge the pasting places there is the greatest wear andiear 
plates of cast-iron, in such a manner as to admit of upon the whole line. The iron moveable tongues, * 
common rails being joined to them, and which will E E, Fig. 8, should be of wrought iron, and made 
allow the waggons traversing the road to pass off into about two feet six inches or three feet long, standing 
another or adjoining track. Plate 2, Fig . 8, shews a up upon the plate equal in projection to the highest 
passing place for a double rail-road drawn to a quick part of the rim, K, of the common rails. It should 
sweep: but the turning or passing place need not be of be on a good strong axis or pin, that it may be strong 
such acuteness in general, but may follow a more obtuse and yet allow of being easily turned round, which it 

will 
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will require to be every time die waggons are passing 
by the different tracks up and down the rail-way. In 
passing deep descents, pieces of cast or wrought iron 
must be provided, called sledges or slippers ; these are 
provided to be placed under the wheels of the waggons 
to prevent their too rapid descent, and are similar in 
principle to the same kind of instrument made use of 
and appended to our road-waggons, for putting under 
the wheels on their going down a hill. When the 
whole iron rail-way is fixed, and levelled to the satis- 
faction of the engineer, it will be necessary to begin to 
prepare the horse and attendant paths ; the foundation 
of die former should be, if possible, composed of good 
lime-stone broken into small fragments, and strewed to 
the consistence of at least from 10 inches to 14 inches in 
thickness, rather convex towards the centre of the path, 
upon this large screenings of gravel should be laid : the 
attendant path should be firm and regular, with a 
gravelly surface. The horse-track and rails ought to be 
always kept clear and free from soil, which is con- 
stantly collecting on rail-roads of great traffic ; and they 
ought also to be properly drained and kept diy at all 
seasons of the year; as on this, in a great measure, 
will depend their substantiality, and of course, their 
utility. 

With respect to the waggons employed on iron rail- 
roads, those in most general use are so constructed, 
that their weight, including their lading, does not ex- 
ceed three tons and a quarter. This is found by expe- 
rience to be4he most eligible size : as the rail-roads re- 
tain their shape without much dilapidation, by die use 
of waggons equal to such weight. The wheels of die 
waggons are made of cast iron, two feet five inches 
high, having twelve spokes, which increase in width as 
they approach the hub, or centre of the wheel. The 
hnb^is eiglit iuches long, and receives an axle of wrought 
iron, the rims of the wheels are two inches broad. The 
axles of the wheels are fixed at two feet seven inches 
distance from each other ; the bodies of these waggons 
. are seven feet nine inches long, four feet five inches 
wide, and two feet four inches deep; and this sized wag- 
gon is calculated to contain the quantity of coal, or other 
matter, equivalent, with the waggon added to it, to make 
a weight altogether amounting to three tons andaquarter, 
as before stated, as the most eligible weight to move 
upon a cast-iron rail-road. In the Philosophical Ma- 
gazine, July, 181 1, are the following remarks concern- 
ing waggons, and also rail-roads, from which some idea 
may be formed . of the utility of stich roads. “ The 
waggons on our cast-iron rail-roads, have not received 
the improvements of which they are capable; but with 
their present disadvantages, the following facts will evince 
the great saving of animal force to which rail-ways have 
given rise: “ First, with a declivity of one and a quarter ] 
inch per yard, one horse takes downwards three wag- 


gons, each containing two tons : Second, in another 

C lace, with a rise of l^tb of an inch per yard, one 
orse takes two tons upwards. Third, with eight feet 
rise in 66 yards, which is nearly one-fourth of an 
inch per yard, one horse takes two tons upwards. 
Fourth, on the Penrhyn # railway, (same slope as above), 
two horses draw downwards four waggons, con- 
taining one ton of slate each. Fifth, with a slope of 
55 feet per milef, one horse takes from 12 to 15 tom 
downwards, and four tons upwards, and all the empty 
waggons. Sixth, at Ayr, one horse draws on a level 
five waggons, each containing one ton of coal. Seventh, 
on the Surrey rail-way 4! one horse, on a declivity of one 
inch in 10 feet, is said to draw thirty quarters of wheat. 
From these cases, and the known laws of mechanics, 
we may perhaps safely infer, that where die apparatus is 
tolerably good, and well constructed, and the slope K) 
feet per mile, two horses may draw five tons upwards, 
and seven tons downwards. 

In cases in which inclined planes are to be had re- 
course to, to cany the rail-road over high ground, (and 
as there are several now passing such ridges,) the mode 
pursued in raising the waggons may not be unacceptable. 
The common plan is by a perpetual chain suspended at 
each end : it is so contrived, that the waggons disen- 
gage themselves the moment they arrive at the upper or 
lower extremity of the inclined plane. In some cases, 
the laden waggons descending, serve as a power to bring 
up the empty ones ; but where there is an ascending as 
well as a descending traffic on the rail-way, steam-en- 
gines, water-wheels, or other machinery, to answer the 
same purpose, are used. “ At Chapel le Frith there is 
an inclined plane of 550 yards. On the proposed rail 
from Glasgow to Berwick several inclined planes will be 
required, die summit of that rail-way being 753 feet 
above the level end of Berwick quay. As to the ex- 
pense of rail-ways, they are inconsiderable, in compari- 
son of canals. According to Mr. Fulton, “ the cost of 
a single rail-road, with sufficient crossing places for a 
descending trade, was estimated at J,6O0ot. per mile.” 
In Or. Anderson’s recreations, \ f 000£. is mentioned as 
the estimate for a double one. However, Mr. Fulton'* 
is most likely to be the nearest to accuracy, as his cal- 
culations were made from observation, and embraced 
the whole minutiae of such a work. 

The principal rail-ways in England and Wales, are, 
die Cardiff and Mertliyn, 26 j. miles long, and runs 
near the Glamorganshire canal. The Caermarthen. 
The Sexhowry, 28 miles, in die counties of Monmouth 
and Brecknock. The Surrey, 26 miles. The Swansea, 
7\ miles. One between Gloucester and Cheltenham. 
Besides several in the north of England. 

* Ptymley’s Agricultural Report of Shropshire, 
t Repertory, rot HI. 

X Malcolta 1 * Agricultural Report of Surrey. 


Digitized by ooQie 



ENAMELLING. 


Enamelling m the art of laying enamel on metals, 
as gold, silver, copper, &c., and pf melting it at the 
fire, or of making divers carious works in it at a lamp. 
This art is of so great antiquity, as to render it difficult 
or impossible to trace it to its origin. Itwas evidently prac- 
tised by the Egyptians, from the remains that have been 
observed on the ornamented envelopes of mummies. 
From Egypt it passed into Greece, and afterwards into 
Rome and its provinces, whence it was probably intro- 
duced into this country ; as various Roman antiquities 
have been dug up in different parts of Britain, particu- 
larly in the Barrows, in which enamels have formed 
portions of the ornaments. The following are instances 
m proof of die antiquity of the art in tbs country: a 
jewel found at Athebey in Somersetshire, and now 
preserved at Oxford, bears witness to k, and by 
an inscription upon it, there is no doubt it was made by 
order of the great king Alfred. The gold cup, given by 
king John to the corporation of Lynn in Norfolk, proves 
that the art was known among the Normans, as die 
aides of the cup are embellished with various figures 
whose garments are partly composed of coloured ena- 
mels. The tomb of Edward the Confessor, in West- 
minster Abbey, built in the reign of Henry III., was 
ornamented with enamels; and a crosier of William of 
Wyfceham, in the time of Edward III., exhibits cu- 
rious specimens of the application of the art of ena- 
melling. 

Enamels are vitrifiable substances, and are usually 
arranged into three classes, via. the transparent, the 
semi-transparent, and opaque. The basis of all kinds of 
enamel is a perfectly transparent and fusible glass, which 
is rendered either semi-transparent or opaque, by the ad- 
mixture of metallic oxydes. M.Klaprotb, some years ago, 
read to the Royal Academy of Sciences of Berlin, a very 
elaborate paper, the result of much research, “ On the 
pastas, coloured glasses, and enamels of the ancients." 
From this we tarn, that the art of colouring glass 
seems to be of nearly the same antiquity as the invention 
of making it ; which is proved, not only from written 
documents, but likewise by the variously coloured glass 
corals with which several of the Egyptian mummies are 
decorated. This art supposes the possession of some 
chemical knowledge of the metallic oxydes, because 
tb cue are the only substances capable, as far as we now 
know, of producing such an effect. Still a difficulty 
occurs : what were the means and processes employed 
by the ancients for this purpose i as they had no ac- 


quaintance with the mineral adds, which at present are 
usually employed in the preparation of metallic oxydes. 
It is, however, certain, that the art of giving many 
various colours to glass, most have obtained a consider- 
able degree of perfection, as Pliny mentions the arti- 
ficial imitation of the 44 Carbuncle/ which was, at that 
rime, a gem in the highest estimation. During the 
reign of Augustus, the Roman architect* began to make 
use of coloured glass m their Mosaic decorations : thus 
it is known that an application of glass-pastes was re- 
sorted to, in a villa built by the emperor Tiberius on 
the island of Capri. Several specimens of this coming 
into the possession of Klaproth, were subjected, by 
that able chemist, to a chemical analysis ; and be has 
detailed a very particular account of the several pro- 
cesses which he performed to ascertain the component 
parts of the different coloured glasses found in the ruins 
of the above-mentioned villa. His firot attempt was 
upon die antique red ^lass, of which the colour is de- 
scribed as of a lively copper red. The mam was 
opaque, ,aud very bright at the place of fracture ; and of 
two hundred grams finely triturated, he found the con- 


stituent parts to be, 

Silex 142 groins 

Oxyde of Lead .... 28 

of Copper . * . 15 

— — * of Iron .... 2 

Alumine 5 

lime 8 


195 

Loss .... 5 

200 

On comparing die external characters of this red 
glass-paste with the cupreous scoriae of a lively brown- 
red, such as is sometimes obtained on melting copper 
ores, M. Klaproth imagines that the ancients did not 
compound the above-mentioned paste directly from its 
constituent parts, but instead of them, employed, per- 
haps, copper scoriae. And he adds, on mis supposi- 
tion, they had nothing more to do, than to select the 
best coloured pieces to fuse and cast them into plates. 

In green glass, he found the constituent parts the 
same as in the red, but in different proportions. Both 
receive their colour from copper ; and the reason 
why this metal produces in the one a red, and in the 
4 M other 
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other a green colour depends on the different degrees of 
its oxygenation: it being an ascertained fact that copper 
in the state of a sub-oxyde, that is, only half saturated 
with oxygen, produces a reddish enamel, but when 
fully saturated with oxygen the enamel yielded is 
green. 

. M. Klaproth next analyzed the blue glass paste in 
which he found, next to the silex, that the oxyde of 
iron is the most predominating article. He expected 
to find that the colour had been given by cobalt, but 
could not discover the smallest trace of it, and therefore 
he infers that its blue colour entirely depends on the 
iron. This excited in him no surprise, knowing that 
iron, under certain circumstances, is capable of produ- 
cing a blue enamel, as is clearly exhibited by the beau- 
tifully blue coloured scans of iron, which are frequently 
met with in the highly heated furnaces on smelting iron 
stones. Our object in referring to these experiments is 
die fact that the coloured glass pastes of the ancients 
agree, in many respects, with modern enamels. 

According to the writer in Dr. Rees’s New Cyclope- 
dia, white enamels are composed by melting the oxyde 
of tin with glass, and adding a small quantity of manga- 
nese to increasetbe brilliancy of the colour. The addi- 
tion of oxyde of lead or antimony produces a yellow 
enamel : but a more beautiful yellow may be obtained 
from the oxyde of silver. Reds are formed by an inter- 
mixture of the oxydes of gold and iron, that composed 
% the former being the most beautiful and permanent. 
Greens/ violets, and blues are formed from the oxydes 
of copper, cobalt and irou; and these, when intermixed 
in different proportions* afford a great variety of inter- 
mediate colours. Sometimes the oxydes are mixed be- 
fore they are united to the vitreous bases. Such are, 
according to this author, the principal ingredients em- 
ployed in the production of various enamels ; but the 
proportions in which they are used, as well as the de- 
gree and continuance of the heat necessary to their per- 
Section constitute the secrets of the art. Besides these, 
there are probably, other substances occasionally 
used in the composition' of enamels, and it has been 
asserted that the peculiar quality of the best kinds of 
Venetian enamel, is owing to the admixture of a parti- 
cular substance found on Mount Vesuvius, and ascer- 
tained to be thrown up by that volcano. 

Enamels, as we have seen, are commonly laid upon a 
metal ground; they are, however, sometimes used in 
substauce for dishes, flower-pots, and ornamented ves- 
sels of different kinds. Iu these cases the enamel is run 
into mouldy immediately from the pots in w hich it has 
been melted. The metals employed in this business are 
gold, silver, and copper; of the others some are too 
fusible to endure ihe action of the fire, aud others, as 
platina, &c. are too strong for the euamel ; that is, the 
adhesion between the two substances is not sufficiently 
powerful to keep them together, the enamel cracking 
as it grows cold, and flying off in flakes. Hence it is 
inferred that a cet tain, though perhaps very slight de- 
gree of oxydation is necessary to make the enamel and 


the metal unite with firmness. Gold is the l>est sub- 
stance for enamelling upon because its richness of colour 
exhibits a beautiful tinge through the enamel, but on 
account of its price copper is most used. 

Enamelling in this country is by custom divided into 
two branches, viz. dial-plate enamelling, and transpa- 
rent enamelling. The former includes toe manufacture 
of clock and watch plates: the latter comprehends 
the enamelling of watch cases, and other articles of 
jewelleiy. 

Dial-plate enamelling is divided into two parts or 
branches, viz. the hard and the soft : in the first branch 
the Venetian enamels only are employed, which if 
genuine are made at Venice, but from the operations 
of war are now very difficult to be obtained, and what 
used to fetch only two or three shillings per lb. are not 
to be bad for twice as many pounds. In soft enamel- 
ling the English or glass enamels are used. 

In preparing the metal to be enamelled on, the pro- 
cess is the same whether it be gold, silver or copper. 
To take copper, as an example, in the manufacture of 
watch-dials. The copper being evenly flatted in long 
slips and brought to a proper degree of thickness, pieces 
are cut off for use, aecording to the size wanted. They 
are then annealed, to give them the pliability requisite 
for receiving the dies. The dies are intended to bring 
the plates into the proper form ; and to punch the eye 
or eyes out, according as the watch is intended only to 
exhibit the minutes; or minutes and seconds, &c. When 
these are made, the plates are ready to have the feet 
soldered on, by which it is to be pinned down to die 
brass edge or frame of the watch. The feet are always 
of wire of the same kind of metal as that to be ena- 
melled upon, and they are fastened to the copper by 
means of speltre, or of silver solder. When the legs 
are soldered on, the plates should be thrown into foe 
pickling pan,, as it is called, to free them from the 
scale or oxydable covering acquired by the beat commu- 
nicated during the operation of soldering. The pickle 
is a solution of sulphuric or nitric acid. When the 
scales of oxyde are removed the plates are fit . for ena- 
melling. 

The enamel as it comes from the makers is generally 
in small cakes from four to five inches in diameter. This 
is finely triturated, butthe exact point at which tritura- 
tion should be discontinued can only be ascertained by 
experience, as the different kinds of enamels, and the 
several modes of application, require the ground enamel 
to be either more or less fine. In this process many coppers 
are usually prepared to go on with at once, in order to 
save time, materials and labour. When the enamel is 
ground, the coppers having been first cleansed by the 
pickle, and carefully brushed out with water, are spread 
with their .faces downwards on a smooth napkin, and a 
thin layer of hard enamel, called, in its ground state, 
the backing, is spread over the under sides with the end 
of a quill or with a small bone spoon. ITie coppers are 
then slightly pressed ou by another soft cloth or napkin, 
which by imbibing some portion of the water, renders 

the 


Digitized by t^ooQle 



ENAMELLING. 


S19 ' 


the enamel dry enough to be smoothly and evenly spread 
with the rounded side of a steel spatula. This opera- 
tion is to be repeated till the back becomes completely 
smooth, and the enamel is of an equal thickness aU 
over. When it is properly spread and the loose parti- 
cles are cleared away from the edge and eyes of the cop- 
pers, the process of " laying the bottoms" is finished. 
The next operation is to lay the first coats ; that is, to 
spread a layer of glass enamel over the upper sides of 
the coppers. In doing this, great care must be taken 
to remove any dirt or extraneous particles of enamel, as 
the mixture of any hard enamel with the glass would in- 
fallibly spoil the work. The glass is then spread upon 
the copper in a layer, and when the water is taken up, 
the first coats are placed upon rings for firing. The 
rings used in enamelling are made of a mixture of pipe- 
makers and Stourbridge day rolled up ht the form of 
Cylinders, and turned in'a lathe by means of a cylindri- 
cal piece of wood forced through the centre of the mass 
while it is wet Each ring is made on the upper ride 
slightly concave, and the under side is nearly flat 
Through the concavity thus given to the rings, the edge 
of the copper or dial plate only is suffered to touch, by 
means of which die enamel on the back remains undis- 
turbed, and the edges ere prevented from sticking by 
rubbing over the surfaces of the rings with soft chalk or 
whiting. The first coats having been carefully placed 
on, the rings are next put into a shallow: tin vessel, and 
the moisture slowly evaporated from the enamel by a 
moderate heat } for if the evaporation be too quick, the 
work will be in danger of being spoilt by blisters; these 
are small air bubbles, which by ruing to the surface of 
the dial plates, destroy their smoothness and beauty. 
The “ firing" is executed beneath a raqffle, placed m a 
small furnace ignited with coke and charcoal. The pro- 
per degree of heat being given the enamel melts, and 
becoming in a short time properly consolidated, the first 
coat is complete. The enamel must not be oyer-fired, 
as m that case the glass would lose some portion of 
ks opacity, independently of other defects that might be 
detrimental to the work. As all solids when reduced to 
a granulated state occupy a greater space than before, it 
will be found that a very considerable depression has 
been produced in the enamel of the first coats by the act 
of fusion, and that the edges and eyes of the plates are 
now much above the surface. This deficiency in sub- 
stance it is the business of the “ second coats" to sup- 
ply, which are given in tbe same manner as that already 
described. The second firing requires an equally cau- 
tions management as the former. The plates mint not 
he over fired, nor must the enamel be suffered to melt 
too rapidly, but a kind of rotatory morion called cod- 
dling must be given to the work rill the fusion be com- 
plete ; a proper knowledge of which can only be gamed 
by practice. The work is now fit for polishing, which 
term not only means to render bright according to the 
usual acceptation of the word, but also to make even 
without any reference to glossiness. The enamel has 
a natural brightness of surface acquired from the. fire; 

ll 


and wbefa this is removed, it is< only , necessary again to 
expose it to a due heat to cause it to re-assume its for- 
mer character. Yet .as this brightness exists independ- 
ently of evenness^ and as evenness is essential to the per- 
fection 4>f enameling, it, is requisite in most cases to 
produce that quality by polishing. 

The materials lfted in polishing glass plates ere grey T 
stones, rag-stones, sometimes called burrs, fine-ground 
silver-sand and water. In this operation, great care must 
be taken that thepressure be not too powerful, as the 
plates will in that case crack in the fire, and can never be 
properly mended. When the enamel is sufficiently po- 
lished, which is known by tbe criterion, of aU the 
gloss being removed, tbe plate* must he clean washed, 
and tbe specks of dirt picked out with a 'sharp graver; 
and being wiped dry arei again .placed upon the rings 
for firing. When the surface is properly mu and be- 
come smooth, even and bright, the plate is completed, 
and when cold it is-fit for pafotiitg oil t 5 

For more ccamnaQ , weak there. are two other mode* 
practised ; these? are* called < f ‘ run-down plates" apd 
“ run-down, second coats." The former axe those 
which are made bp laying the enameL upon tbe coppers 
m sufficient quantity to form plates of the required thick- 
ness, without, putting on a second coat. Both labour 
and fire are ihus saved, but that neatness and regularity 
which are acquired by the first method are rarely at- 
tainable in this. Of course only the most common 
work can be thus manufactured. There is a superior 
method to this made use of, viz. “ tbe run-down one- 
coats," which are polished off with rag-stone and un- 
dergo a second firmg.. Tbe “ lam-down second coats" 
are those which are reduced to a surface comparatively 
even by a second fire. > , 

, << In enamelling hard plates' 9 s* ys the writer, already, 

referred to, “ for watches, the coppers and the first coats 
are prepared in the manner already described, excepting 
that the layer of glass is rather thinner than in glass-, 
work only. The hard enamel » broken, down and 
ground in the same way as tbe glass, if a small quantity 
alone be wanted ; but if otherwise, it is first broken 
from the cake with a hammer, and then pounded in a 
steel mortar till reduced to coarse grains. These grains 
are then exposed to the action of a magnet, in order 
that aU the particles of steel that have been broken off 
the mortar in the aet of pounding may be taken away, 
as they would infallibly spoil the work by rising in black 
specks to the surface of the enamel when in the fire. 
As an additional precaution, it is also necessary to put 
the granulated enamel into a small bason, and pouring 
upon .it a strong solution of sulphuric or nitrous acid, to 
suffer it to stand some hours that the steel particles may 
be wholly dissolved, after which the enamel is to be 
carefully washed till tbe water comes off pure and 
tasteless. The enamel is then ground to the necessary 
fineness in an agate mortar, and afterwards spread over 
the first coat with a quill i? small quantities, and a* 
evenly as it can be kid. The water is then partly ab- 
sorbed by a fine clean napkin, and the enamel smoothly 

spread 
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sp read Hi eMy compressed with the spatula, after of rendering vhrescfeftt mixtures white and* opaque, or 
which mere water is absorbed,- ami die spreading is | milky r and when otherwise coloured, opalescent. The 
continued till the surface lies even. The plate is then I oxyde of tin is alwayB mixed with three or four times its 
put upon a ring, and properly fired; and it is afterwards quantity of oxyde of lead, and it appears necessary that 
polished by placing it upon a cork/ the top edge being the metals should be previously mixed by melting, and 
taken off with a fine grey-stone; and weanng away the the alloy then calcined ; but on this subject, and on 
surface, first, by a very fino-gMoed Lancaritire file, or others of a similar nature, we shall give the directions 
smooth piece of steef # and si lver -s a nd, ground to an of M. Clouet, taken from the 34th vol. of the Aqnales 
almost impalpable powder ; secondly, by a fine blue- de Cbemie. 

stone and sand; and, ftindly* by thebloe-atone alone. White enamel, either for earthen-ware, or the pur- 
With the latter, ^a sort of half polish should be given pose of beiag applied on metals, is composed in the 
the enamel, and the nigher that polish approaches to following manner i You first calcine a mixture of lead 
Complete glossiness the better, as the plate will then be and tin, which may be varied in the following propor- 
fimshed by a third five whh a leas decree of heat than tions, vis. for 100 parts of lead, 16, 20, 30, and 
Would be ot b e r v ri ae wanted. In this proems, modi even 40 of tin. A mixture of lead and tin calcines 
caution is required to prevent scratches which cannot very easily in contact with the air. As soon as this 
be run up by the fire, without giving the enamel a mixture is brought to a red heat, nearly a cherry colour, 
greater degree of heat than it will beer. Whan the po- it boms like charcoal, and is calcined speedily. The 
fishing is completed, the plate is carefully cleaned with composition which calcines best, is that wiiichin* 100 
ground enamel ; and if there s h ou l d be my specks, they pounds of lead contains from 20 to 25 of tin. The tin, 
must be picked out with a small and slurp diamond, 1mm meant, is pare tin. In proportion as the calcina- 
and the hollows very dexterously filled up with enamel, tion.-is effected, you must take out die calcined part, 
that they may neither rise above nor sink below the and continue to oxydate the rest, until the whole has 
common surface, when the plate it again fired. Hard become pulverulent. As some small particles always 
enamel dials are always coostderably more costly than escape calcination, you-must expose to the fire a seoond 
glass ones, owing to the greater labour and attention time the oxyde obtained, in order to calcine it com- 
that are requisite in making them ; and the best pletdy ; which may be easily known by its ceasing to 
watches are almost always made up with dials of this Sparkle ; that is to say, when you no longer see any 
land.” parts bum like coal, and when the whole appears of 

The operations of " transparent enamelling” are an uniform colour. When the proportion of tin exceeds 
nearly similar to tl$ose that have been already described 25 or SO, a stronger fire is necessary to produce calci- 
in the manufacture of Watch dials. But as the work is nation. In a word, by .varying the degrees of heat, jod 
generally . of a more minute kind, greater delicacy of will be able to discover that best suited to the mixture 
handling is required. Watch cases . are usually enamelled on which you operate. A hundred parts of the eair 
on gold, as well as the superior articles of the fancy , above-mentioned, which in the French potteries is 
kind ; and the surface of the gold is frequently engraved' called calcine, is generally taken with 100 parts of ya w lt 
into different figures and compartments, before the ‘ From 25 to 36 pounds of sea-salt, or muriate of soda, 
enamel is laid on ; hence tha work has a beautiful are added: the whole is well mixed together, and it is 
Variegated appearance through the enamelled coating. fused in the bottom of a furnace in which potter’s ware 
Itt ornamental transparent work, a good affect is pro- is baked. This matter is generally placed on sand, on 
doced by applying small and very thin pieces of gold or lime quenched in the open air, or on ashes. The bet- 
silver, cut or stamped into different figures, as acorns, tom of the miss is in general badly fused. This, how- 
oak-leaves, vine-leaves, bunches of grapes, fruits, &c., aver, does not prevent the matter, after it has been 
upon the surface of the first coating of enamel, where pounded, and applied on the articles, from becoming 
they are fixed by fire, and are afterwards covered over exceedingly white aqd hard in the furnace. When taken 
by die second, through which they make a beautiful from the furnace, it is .not white; it is evep often very 
appearance. black : in general it is marbled with black, grey, and 

Such are the mechanical operations : we shall now white. This process is that* generally used in potteries, 
proceed to consider the nature and composition of ana- In die composition destined for earthen-ware, the pro- 
mels. The exact composition of the opaque white portion of 25 parts of tin to 100 of lead is never ex- 
enamel is a matter of considerable importance in this ceeded : for common e arth en w are, the manufacturers 
trade : it should be of a very clear fine white, so nearly are even satisfied with 16 of tin to 100 of lead. It may 
opaque as only to be translucent at the edges, and at a be easily seen, that if you wish to obtain an enamel 
moderate red heat it should run into* a kind of paste or whiter andmorefiisible, yon most diminish the quantity 
imperfect fusion, which allows it to extend itself freely of sand ; but there is not necasrity for augmenting that 
mid uniformly, and to acquire a glossy even surface, of the sea sail, or muriate of soda; as the whiteness 
without fully running into a thin glass. The opaque and opacity depend on the quantity of tin, calcine may 
white of this enamel is given bythe oxyde of tin, which be Used, which contains 26 or 30 pm cent For exam- 
fiossesses, even in a very small proportion, the property pie, 100 of such pairing 60 of sand, and 25 of marioe 
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frit, give a composition exceedingly fusible. Bat it is 
to be observed, that it is ne c essary to employ tome far- 
ther manipulations when yon wish to have enamel pro- 
per for being applied on metal, and are desirous to give 
it all the perfection of which it is susceptible. In that 
case, you do not employ crude sand,, but calcine it in a 
strong heat, with a quarter of its weight of n»»rio» nit, 
either in a small quantity in a crucible; or on a large 
scale in a potter’s furnace. If you wish to have a very 
fusible enamel, you may even add minima, or lead 
calcined by the former operation, and nearly as 'much 
sea-salt, that is to say, a fourth. You then obtain a 
white mass, half fused and porous, which you pul- 
verise, and employ in the composition of enamel instead 
of send, and in the same proportions as sand: you may 
diminish the quantity of mis matter to 60 per. cent, if 
yon are desirous to obtain an enamel very finable. Ibis 
will depend also on the calcine eiwilqyed; for that 
winch is most charged with tin is the least fusible. 
When yon wish to have fluxes for the odours, you em- 
ploy the same compositions before mentioned, except 
that you put little or oo tin into the lead. In the latter 
case you must generally employ minium. This flux is 
good for certain colours, but not fqr all. There are 
some which become tarnished by fluxes, that contain 
the oxydes of lead. In diet case, you must make 
fluxes without oxyde of lead. Nitre and borax am 
generally used for making this glass, but without oxyde 
of tin. 

The following are those which M. Clouet has tried: 
Three parts of siliceous sand, one of chalk, and three 
of calcined borax, give a matter proper to be used as a 
flux for purples, blues, and other delicate coloan. 
Three parts of white or flint glass, one of calcined bo- 
rax, a quarter of a part of nitre, one of the white oxyde 
of antimony made with nitre well washed, give an 
exceedingly white enamel, which may serve also as a 
flux for purple, and particularly for blue. Sixty parts 
of enamel sand or leas, thirty of alum, thirty-five of sea- 
salt, and a hundred of minium, or soy other exydc of 
lead, give a white enamel when the Ant do net pre- 
dominate too much, and a gelatinous glam when a great 
deal of flux has been, addad. This glass is good for 
red, and .the enamel may be applied to all kinds of day 
capable of sustaining a stropg heat. It is of great ist- 
portance to remark, and to knew, that the sand em- 
ployed for enamel must not- be sand which contains 
only silex ; sand of that kind alone is of.no use. The 
sand proper for this purpose is that which contains talc 
with silex. To make a sand proper for -enamel, and 
the fluxes of colours, flic., thaw aunt he nearly one 
part of talc, and three Of si liceous sand. What a pp ear s 
most essential in regard, to the success of enamel,* the 
choice of sand. It is very possible to compose this 
md by art ; and though (paps M. Ckmet) I. have not 
decomposed it, I have found by, synthesis, that thme 
parts of siliceous, sand and onsof tek, foam am excel- 
lent sand for enamel. From this it may be readily seen, 
that to compow wdh facility, sand foc snamel, nothing 


is necessary but to detaratine,' by a flood analysis, the 
quantity of talc.. This sandmay be procured in places 
where earthen-ware is made. It may be. easily known; 
for, besides the siliceous sand, which forms die great- 
est part of it, you may observe in it talcy particles in 
great abundance; and to be good, it must contain 
nearly a quarter. When it does not contain a sufficient 
quantity, the enamel it produces fuses with more diffi- 
culty, end does not become smooth ; it remains granu- 
lated. and pitted. There are certainly some combina- 
tions of earth which may produce: very good fluxes, 
either for eternal or for transparent colours. It might 
be attended with advantage to try some of these combi- 
nations. Ponderous earth (barytas) -and lime fuse vety 
weU together : fay adding a Ktde rilex, or a little mag- 
nesia, it is probable that an excellent matter might te 
produced.. If this glass, composed of lime and barytes 
only, had sufficient solidity to resist the air and weak 
acids, there would be oo necessity, perhaps, to add 
silex ; but if the marine salt ought to enter into the 
composition of tins kind of glass, it should seem, that 
sdcK ought likewise to form a part of it. The experi- 
ments oo this head, for the sake of trial, may be varied 
different ways. When the glass destined to serve as 
flux for colours is employed, it is customary, in order 
that they may be rendered mote fusible, to add a little 
nitre and borax. The. eommon borax of the shops 
contains an excess of soda, which -it would probably be 
of benefit to saturate with the nitric acid, or the flux 
might be re-baked with the dose of nitre add borax, or 
of nitric borax, which might be added before being 
employed. It is only to colours, such as purple Shd tbe 
oxyde of ^obalt, that nitre and borax are added. 

Our chemist tried to find a substitute for marine salt, 
in die composition of white enamel. Potash produced 
only an ugly and ill fused grey mass, which acquired no 
lustre in the furnace; nitre produced a green mass, but 
exceedingly friable ; sulphate of potash produced very 
nearly the seme effect, only the mass wasa little whiter ; 
bat neither of these enamels was worth any tiling. Pure 
soda was not tried, but common eoda has been extolled; 
as, however, it contains a great deal of marine salt, it 
must undoubtedly be on account of tins salt that it pro. 
duces a good effect. Pure sods may nevertheless be 
tried, either alone or with marine salt ; it parhaps might 
produce no bad effect with potash. A mixture of equal 
parts of lime and argil has been tried, to which was 
added one partof rilex, and likewise without silex ; but 
tins mixture did not supply the place of talcby sand. 
This .sand is not in general found m grains ; it exhibits 
itself most commonly under the form of a stone, such 
as free-stone 4 but some of it is found also in grains. 
We sbonld be much -deceived in making white enamel, 
wen we to employ die oxydes of tin and land separate- 
ly. None of .the authors who have treated on pottery 
say what they ought respe cti ng enamel, nor even re- 
specting tbe composition or nature of the earth proper 
for bearing an enamel. It is essential that tbe lead and 
tin. for making the oxyde destined to produce white 
4N enamel,. 
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enamel, should be fused and mixed together before they 
are calcined ; and if it be wished that the enamel should 
immediately acquire its full whiteness, it will be requi- 
site that the calcination should be complete. Bismuth 
might perhaps be employed as a substitute for the lead, 
and it is not improbable that it would give a good pro- 
duct. Bismuth also might be mixed with die lead in 
the following manner, viz. one part of lead, one of bis- 
muth) and one of tin: or other proportions might be 
employed. As the oxyde of nismuth, however, is ex- 
ceedingly fusible, it might probably be admitted, with 
great advantage, into certain duxes. A mixture of lead 
and tin, detonated with nitre, would be useful. Though 
the white calx of regulus of antimony made by nitre and 
well washed, produces a very beautiful white enamel 
when fused with three parts of white glass, which con- 
tains neither lead nor other metallic oxydes, and one of 
glass of borax, with a half or fourth part of nitre ; yet 
this calx, so white when mixed with the composition of 
enamel, made with enamel sand, and the combined 
oxyde of lead and tin, instead of increasing, tarnishes 
the whiteness* and only gives a bluish enamel of a livid 
colour. Perhaps .enamels, completely made and mixed 
together in the first, instance, would not produce the 
same effect. I have, however, (says M. Clouet,) em- 
ployed this composition as a flux for coloqrs, which, 
applied afterwards on the enamel of earthen-ware, pre- 
served its beauty. I put some of this pure enamel also 
over that of earthen-ware, and I think it preserved its 
whiteness. 

The principal quality of good enamel, and that which 
rendets it fit for being applied on baked earthen-ware, 
or on metals, is the facility with which it acquires lustre 
by a. moderate heat, a cherry-red heat, more or less, 
according to the nature of the enamel, without entering 
.into complete fusion. Enamels applied to earthen- 
ware and metals possess this quality. They do not 
enter into complete fusion ; they assume only the state 
of paste, but of a paste exceedingly firm ; and yet when 
baked, one might say that they had been completely 
fused. There are two methods of painting on enamel : 
on raw or on baked enamel. Both these methods are 
.employed, or may be employed, for the same object. 
Solid colours, capable of sustaining the fire necessary 
for baking the enamel ground, may be applied in the 
form of fused enamel on that which is raw, and the 
.artist may afterwards finish with the tender colours. 
The colours applied on the raw material do not require 
any flux ; there is one, even, to which silex must be 
added, that, is, the calx ! of copper, .which gives a very 
beautiful green : .but .when you wish to employ it on the 
raw material, you must mix with it about two parts of 
its weight of. silex, and bring the mixture into combi- 
.nation by means of heat. You afterwards pulverise the 
mass you have thus obtained, in order to employ it. 
To obtain good white enamel, it is of great importance 
that the. lead and tin should be veiy pure. }f these 
metals contain copper or antimony, as is often the case, 
the ename will not be beautiful. Iron is the * least 
hurtful. 


Of Coloured Enamels . — All the colours may txf 
proauced by the metallic oxydes. These colours are 
more or less fused in the fire, according as they adhere 
with more or less strength to their oxygen. All metals 
which readily lose their oxygen cannot endure a great 
degree of heat, and are unfit for being employed oil the 
raw material. 

Purple. — This colonr is the oxyde of gold, which 
may be prepared different ways, as by precipitating, by 
means of a muriatic solution of tin, a nitro-muriatic so- 
lution of gold much diluted in water. The least quan- 
tity possible of the solution of tin will be sufficient to 
form this precipitate. The solution of tin must be 
added gradually until you observe the purple colour 
begin to appear : you then stop, and having suffered 
the colour to be deposited, you put it into an earthen 
vessel to dry slowly. The different solutions of gold, 
in whatever manner precipitated, provided the gold is 
precipitated in the state of an oxyde, give always a pur- 
ple colour, which will be more beautiful in proportion 
to the purity of the oxyde, but neither the copper nor 
silver with which gold is generally found alloyed, injure 
this colour in a sensible manner : it is changed, how- 
ever, by iron. The gold precipitate which gives the 
most beautiful purple, is certainly fulminating gold, 
which * loses that property ’ when mixed ‘ with fluxes. 
Purple is an abundant colour; it is capable of bearing 
a great deal of flax, and in a small quantity communi- 
cates its colour to a great deal of matter. It appears 
that saline fluxes are better suited to it than those 
in which there are metallic calces. Those, therefore, 
which have been made with silex, chalk, and borax, or 
white glass, bo rax, attdk little white oxyde of anthnOr 
ny, with a little nitre, as 1 hare already mentioned, 
ought to be employed with it Purple will bear from 
four to twenty parts of flux, and even more, according to 
the shade required. Painters in enamel employ generally 
for purple a flux which they call brilliant white. This flux 
appears to be a semi-opaque enamel, which has been 
drawn into tubes, and Afterwards blown into a ball at 
an enamellerY lamp. These bulbs are afterwards broken 
in' such a maimer, that the flux is found in small scaled, 
which appear like the fragments of small hollow spheres. 
Enamel painters mix this flux with a little nitre and b6- 
rax. This matter, which produces a very good ‘effect, 
I employed, without attempting to decompose it. It 
may be a very fiiriUe common white enamel which has 
been blown into that form. It is to be f remarked, that 
purple will not bear a strong heat ; and the dolour is 
always more beautiful if the precipitate is grout*! with 
the flux before it has become dry. 

Red. — We have no metallic oxyde capable of giving 
directly a fused red ; that is to say, we have no metallic 
calces which) entering irito fusion, and combining, tin- 
der tbfefonfi of transparent/ ghtss, with fluxes or glass, 
give dMttlyf a red colohr. To obtiin this colour, it 
must be compounded difietent ways, a* follows Take 
two parts, *or tWo parts ' and ft Half (you* may, however, 
take only one part,) of sulphate of iron and of sulphate 
of aluinine, fuse them together in their water of crystal- 
lization, 
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hfhtion, and take care to mix them Veil together. 
Continue to heat them, to complete dryness; then in- 
crease the fire so as' to bring the mixture to a red heat. 
The last operation must be performed in a reverberating 
furnace. Keep the mixture red until it has every where 
assumed a beautiful red colour, which you may ascer- 
tain by taking out a little of it from time to time, and 
suffering it to cool in the air. You may then see whe- 
ther the matter is sufficiently red : to judge of this, it 
must be left to cool, because while hot it appears 
black. The red oxydes of iron give a red colour ; but 
this colour is exceedingly fugitive ; for, as soon as the 
oxyda of iron enters into fusion, the portion of oxygen 
which gives it its red colour leaves it, and it becomes 
black, yellow, or greenish. To preserve, therefore, 
the red colour of this oxyde in the nre, it must be pre- 
vented from vitrifying, and abandoning its oxygen. I 
have tried ( says M. Clouet J a variety of different sub^ 
stances to give it this fixity, but none of them succeeded 
except alum. The doses of alum and sulphate of iron 
may be varied. The more ailum you add, the paler 
will be the colour. Three parts of alum to one of sul- 
phate of iron give a colour which approaches a flesh 
colour. It is alum also which gives this colour the 
property of becoming fixed at a very strong heat. This 
colour may be employed on raw enamel ; it has much 
more fixity than the purple, but not so much as the 
blue of cobalt. If may be washed to carry off the su- 
perfluous saline matter, but it may be employed also 
without edulcoration; in that state it is even more fixed, 
and more beautiful. It does not require much flux ; 
the flux which appeared to me to be best suited to it, 
is composed of alum, minium, marine salt, and enamel 
sand. . This flux must be compounded in such a man- 
ner as to render it sufficiently fusible for its object : 
from two to three parts of it are mixed with the colour. 
In general, three parts of flux are used for one of co- 
lour; but this dose may and ought to be varied accord- 
ing to the nature of the colour and the shade of it 
: required. Red calx of iron alone, when it enters into 
fusion with glass, gives, a colour which seems to be 
black; but. if the colour be diluted with a sufficient 
^quantity of glass, it at last becomes of a transparent 
.yellow. Thus, the colour really produced by calx of 
•iron combined with glass is a yellow colour, but which 
.being accumulated, becomes so dark, that it appears 
.black* In the process above given for making the red 

* colour, the oxyde of iron does not fuse ; and this is the 
. essential point ,* for if this colour is carried in the fire to 
^vitrification, it. becomes black, or yellowish, and disap- 
. pears if the coat be thin, and the oxyde of iron present 

be only in a small quantity. 

Yellow. — Though yellota may be obtained in a 
. direct manner, compound yellows are preferred, be- 
. cause they are more certain in their effect, and more 
easily applied, 'than the yellow which may be directly 

• obtained from silver. The compound yellows are ob- 
i tamed in t consequence of the fame principles as the red 

colour of iron. For "this purpose we employ metallic I 


StS 

oxydes, the vitrification of which must be prevented by 
mixing with them other substances, such as refractoiy 
earths, or metallic oxydes difficult to be' fused. The 
metallic calces which form the bases of the yellow co-' 
lours are generally those of lead ; as minium, the white 
calx of * lead, or lithaige, the white calx of antimony, 
called diaphoretic antimony ; that called “ crocus me- 
tallorum” is also employed. This regulus, pulverised, 
and mixed with white oxyde, gives likewise a yellow. 
The followiug "are the different compositions used r 
one part . of the white oxyde of antimony, one 
of the white oxyde of lead (or two or three) ; these - 
doses are exceedingly variable ; one part of alum, and 
one of sal-ammoniac. When these matters have been* 
all pulverised, and mixed well together, they are put in 
a vessel over a fire sufficient to sublimate and decompose 1 
1 1 the sal-ammoniac ; agd when the matter has assumed a* 

|: yellow colour, the operation is finished. The calces of 
I lead mixed in a small quantity either with silex or 
alufnine, also with the pure calx of tin, exceedingly' 
white, give likewise yellows. One part of the oxyde 
of lead is added to two, thr4e, or four of the other sub-, 
stances above-mentioned. In these different composi- 
tions for yellow, you may use also oxyde of iron, either 
! pure* or that kind which has been prepared ‘ with alum 
and vitriol of iron : you will then obtain different shades 
of yellow. From what has been said, you may vary 
these compositions of yellow as much as you please. 
Yellows require so little flux, that one or two parts, in • 
general, to one of the colour, are sufficient. Saline' 
fluxes are improper for them, and especially those which 
contain nitre. They must be used with fluxes composed 
of enamel saiid, oxyde of lead, and bdrax, without ma- 
rine salt. A yellow may be obtained also directly from 
silver. All these mixtures may be varied, and you may 
try others. For this purpose you may use sulphate of 
silver, or any oxyde ' of that metal mixed with alumine 
or silex, or eveq with both, in equal quantities. The 
whole must be gently heated until the yellow colour ap- 
pears, and the matter is to be employed with the fluxes 
pointed out for yellows. Yellow of silver, like purple, 
caonot endure a strong heat : a nitric solution of silver 
may be precipitated by the ammoniacal phosphate of 
soda, and you will obtain a yellow precipitate, which 
may be used to paint in that colour with fluxes, which 
ought then to be a little harder. Besides the methods 
above-mentioned, the best manner of employing the 
oxyde of silver is, in my opinion, to employ it pure: 
in that case, you do not paint, but stain. It will be 
sufficient, then, to lay a light coatiugon the place which 
you wish to stain yellow, and to heat the article gently 
| to give it the colour. You must not employ too strong 
a heat : the degree will easily be found by practice. 
When the article has been sufficiently heated, you take 
it from the fire and separate the coating of oxyde, whieh , 
will be found reduced to a regulus. You will then ob- 
serve the place which it occupied tinged of a beautiful 
yellow colour, without thickness. It is chiefly on 
transparent glass that this process succeeds best. Yury 
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fine silver filings prodace the same effect : bat what 
Seemed to succeed best in this case was sulphate of 
silver well ground up with a little water, that it may be 
extended very smooth. From what has been said, it may 
readily be seen that this yellow must not be employed 
like other colours; that it must not be applied.till the 
rest have been fused; for, as it is exceedingly fusible, 
and ready to change, it would be injured by the other 
colours; and as the coating of silver which is reduced 
must be removed the fluxes would fix it, and prevent 
the possibility of its being afterwards separated. Work- 
ing on glass is not attended with this inconvenience, be- 
cause the silver-yellow is applied on the opposite side 
tp that on which the other colours are hod. 

Gabbn. — Green is obtained directly from the oxyde 
of copper. All the oxyde* of copper are good; they 
require little flux, which even must not be too Amble : 
one part or two of flux will be sufficient for one oxyde. 
This colour agrees with all the flaxes, the saline as well 
as> the metallic, which tends to vary a little the shades. 
A mixture of yellow and blue is abo used to produce 
green. Those who paint figures or portraits employ 
glass composed in this manner; but those who paint 
placed vessels, either earthen-ware or porcelain, employ 
in general copper green. Independently of the beanti- 
Ail green colour produced by oxydated copper, it pro- 
duces abo a veiy beautiful red colour. This beautiful 
redcolour, produced by copper, is exceedingly fugitive. 
The oxyde of copper gives red only when it contains 
veiy little oxygen, and approaches near to the state of a 
regntus. Notwit hs t andi ng the difficulty of employing 
this oxyde for a red colour, a method has been found to 
stain transparent glass with different shades of a very 
beautiful red colour by means of calx of copper. The 
process is as fallows ; you do not employ the calx of 
capper pure, but add to it calx of iron, which for that 
purpose must not be too much calcined; you add abo 
a very small quantity of calx of copper to the mass of 
gkss which you are desirous of tinging. The glass at 
first must have only a very slight tinge of green, inclin- 
jng to yellow. When the glass has that colour you 
make it piw to red, and wen a very dark red, by 
taxing with it red tartar ia powder, or even talknr. 
You must mix this matter well in the glass, and it win 
Marne a very dark red colour. Hie glam swells up 
very much by this addition. Before it is worked u 
most be suffered to settle, and bsoome compact ; but 
as soon as it has folly assumed the colour it most be 
immediately worked, for die colour does not remain 
long, and even often disappears while working; but it 
be restored by heating the glass at the flame of a 
lamp,, (t is di ffic ult to make this colour well; but when 
it succeeds it is very beautiful, and has a great deal of 
splendour. By employing the calx of copper alone for 
the processes above mentioned, you will obtain, whan 
you succeed well, a red similar to the most bssnitifbl 
COTune. The calx of iron changes the red into ver- 
uuhon, according to the quantity added. Jf we had 
certain processes for the making this colour, we dioatd 


obtain all die shades of red from purs red to orange, by 
using, in different proportions, the oxyde of copper and 
that of iron. The calx of copper fuses argd umre 
easily than silex: the case is the same with calx of iron. 
If you fuse two or three parts of argil with one of die 
oxydeof copper, and if the heat be sufficient, you anil 
obtain a very opake enamel, and of a vermtiiou red 
colour: the oxyde of copper passes from red to green 
through yellow, so that die enamel of copper, which 
becomes rad at a strong heat, may be yellow with a 
weaker heat The same effect may. be produced by 
de-oxydating copper in different degrees: this will be efr 
fected according as the heat is more or less violent. The 
above composition might, I think, be employed to give 
a vermilion rad colour to porcelain. The heat of- the 
porcelain furnace ought to be of Sufficient straigth to 
produce the proper effect. Hie calx of iron fused else 
with argil, in the same proportions as tbs calx of coppet; 
gives a veiy beautiful black. IWm proportion , Mg, 
however, be varied. 

Blux. — B lue is obtained from the oxyde of cohek 
It is the most fixed of all colours, end *—~Mavr nqinllj 
beautiful with a weak as with a strong heat. The bl ue 
produced by cobalt is more beautiful the panr it is, and 
the more it is oxydated. Arsenic does not hurt it. 
The saline fluxes which oontain nitre are best 

suited tpk: you add a litde also wham you employ 
that flux which contains a litde calcined bocw or gU- 
of borax, though you may employ it also with that flux 
alone. But tbs flux which, according to my mu ai- 
neats, gives to cobalt-blue the greates t splendo ur and 
beauty is that oamposad of while glam (which contain 
bo me ta ll i c calx) of borax, nitre, and di a phoretic aoti- 
■oay well washed. When this glass is made for the 
purpose of being employed as a flux for blue,- yon awy 
add less of the white oxyde of antimony: a sixth of the 
whole will be sufficient. 

Violbtv — Black calx of manganese, employed with 
saliae fluxes, gives a very beautiful violet.- By vaiyug 
the fluxes, die shade of the colour may also bo varied: 
it is very fixed as long as- it retains its oxygen. Tits 
oxydeof manganese may produce different colours; but 
for that purpose it will be ncoeaeary that we ahovdd be 
able to fix its oxygen in it in different proporti on . 
How to effect this has perhaps never yet been disco- 

vered. These are all the colours obtained from metab. 

From this it is evident that something stiH remains to be 
discovered. We do not know what might be produced 
by the oxyde# of phrtina, tungsten, molybdeua, and 
nickel : all diem oxyde# are still to be tried; each of 
them most produce a colour, and perhaps red, whsrfi 
is obtained neither direedy. nor with facility from nay 
of the me t allic m h a ta ncea formerly known and hitherto 
employed. 

Having hud before the English artist the result of 
M. Closet** Researches, as they were presented to the 
French National I n stitut e , of which he was an associ- 
ate; we shall add a fcwgeuml observations taken from 
-those of oar ownceantymin who have made the sab- 
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ject of enamelling their study and employment. 
The most beautiful and expensive colour known in 
this branch of the art is an exquisitely fine rich and pur- 
plish tinge, given by the salts and oxydes of gold, espe- 
cially the purple precipitate formed by tin in one form 
or other, and the nitro-muriate of gold, and also by 
fulminating gold. This fine colour, however, requires 
much skill in die artist to be fully brought out. Other 
and commoner reds are given by the oxyde of iron, but 
this requires the mixture of alumine, or some other sub- 
stance refractory in die fire, otherwise what would 
under proper circumstances be a full red will degene- 
rate into a black. 

. Yellow is either given by the oxyde of silver alone, 
pr by the oxydes of lead and antimony, with simi- 
lar mixtures to those required for iron. The silver 
in as tender a colour as gold, and as readily injured or 
lost in a high heat. Green is given by the oxyde of 
copper, or it may also be produced by a mixture of 
yellow colours. Blue is given by cobalt, and this seems 
the most certain of all enamel colours, and as easy to 
be managed. Black is produced by a mixture of co- 
balt and manganese. u The reader," says Mr. Aikin, 
in bis Chemical Dictionary, “ may conceive how much 
the difficulties of this nice art are increased, when die 
object is aot meiely to by an uniform coloured glazing 
on a metallic turbos, but also to paint diet surface with 
figures and other designs that require extreme delicacy 
of outline, accuracy of shading, and selection of co- 
louring. The enamel painter has to work not with 
actual colours, bat with mixtures which he knows from 
experience will produce certain cofoors after the opera- 
tion of the fire, and to the common skill of the painter 
in the arrangement of his pallet and the choice of his 
colours; the enameller has to add an infinite quantity of 
practical knowledge of the chemical operation of one 
metaUftcanyde en another, the fusibility of his materials, 
and the utmost degree of heat at which they will retain 
not only the accuracy of the figures which he has. given, 
but the precise s h ad s of colour which he intends to lay 
qn. Fainting in enamel req uir e s a succession of firings; 
firsts of the ground which is to receive the Assign, and 
which itarif requites two firings, and then of the differ- 
ent parts of the design heelf. The ground is laid on 
in the same general way as the common watch face 
enamelling already described. The colours are die dif- 
fjmak metallic oxydes melted with some or other vi- 
trescent mixture, and ground to extreme fineness. 
These are worked up with an essential oil, diet of spike 
b preferred, and next to it the oil of lavender, to the 
proper conaistence of oil colours, and are bid on with 
a very fine hairbrush. The essential oil should be vei j 
pure, and the use of this rather than any fixed oil; is 
probahly that the whole may evaporate completely in a 
moderate. Swat, and leave' no carbonaceous matter in 
contact wi tb the colour when red-hot, which might af- 
fect ito degree of oxydation, aud thence the shade of 
colour whach it ia intended to prodttee. As the colour 
<t£ some of the vitrified metallic oxydes, such as that of 
gold, wtQ stand only at a moderate heat, while others 


will bear and even require a higher temperature to be 
properly fixed, it forms a great part of the technical 
skill of the artist to apply different colours in their pro- 
per order ; fixing first those shades which are produced 
by the colours thqt will endure the highest degree of 
beat, and finishing with those that demand the least 
heat. The outline of the design is first traced on the 
enamel, ground and burnt in ; after which the parts are 
filled up gradually with repeated burnings to die last and 
finest touches of the tenderest enamel/’ 

Those who paint ou enamel, on earthen-ware, porce- 
lain, 8ic., must regulate the fusibility of the colours by 
die most tender of those employed, as, for example, 
die purple. When* the degree which is best suited to 
purple has been found, the other less fusible colours 
may be so' regulated (by additions of flux), when it is 
necessary to fuse all the colours at the same time, aud 
at the same degree of heat. You may paint also ia 
enamel without flux; but all the colours do not equally 
stand the heat which must be employed. If the epamel, 
however, on which you paint be very fusible, they may 
all penetrate it This manner of painting gives no 
thickness of colour ; on the contrary, the colours sink 
into the enamel at the places where the tints are strong- 
est. To make them penetrate and give them lustre, a 
pretty strong fire will be necessary to soften the enamel 
and bring it to a state of fusion. This method cannot 
be practised but on enamel composed with sand, which 
I call enamel-sand, as already mentioned. It may be 
readily seen, also, that the colours and enamel, capable 
of enduring the greatest heat, will be the most solid, 
and the least liable to be changed by the air. Ou this 
subject we shall have occasion to enlarge under the ar- 
ticles GlAss and Porcelain Manufacture s. 

The following method of filling up engraving ou sil- 
ver with a durable black enamel is practised in Persia 
and India. 

They take halt an ounce of silver,, two ounces and a 
half of copper, three ounces* and a half of lead, twelve 
ounces of sulphur, two ounces and a half of sal-ammo- 
niac. The metals are melted together and poured into a 
crucible, which has been before filled wita pulverised 
sulphur made into a paste by means of water; the era-, 
cibte is then immediately covered that the sulphur may 
not take fire, and this reguhis is calcined over a smelting 
fire until the superfluous sulphbr be burned away. This 
! reguhis is then coarsely pounded, and with a solution of 
sal ammoniac formed into a paste, which is rubbed into 
; the engraving on silver plate. The silver is then wjped 
clean, and suffered to become so hot under the muffle, 
that die substance rubbed into the strokes of the en- 
graving melts and adheres to the metal. The silver is 
afterwards wetted with the solution of sal-ammoniac, and 
again placed under the muffle till it becomes red hot. 
Tne engraved surface may then be smoothed and po- 
lished without any danger of the black substance, winch 
is an artificial kind of silver ore, either dropping out or 
decaying. In this manner is all the silver plate brought " 
from Russia ornamented with black engraved figures. 
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The art of engraving, in England, has gradually 
arisen to its present advanced state from the rude me- 
chanical practice by our British ancestors. That it was 
practised in this island from a very early period, may be 
seen by the remains of the instruments of war, and other 
antiquities, which have been found in the Celtic and 
Saxon tumuli : these frequently bear the marks of the 
graver, or of some tool very similar to it ; and the nu- 
merous coins of antiquity must satisfy every inquirer of 
the early British existence of this species of engraving, 
an art which is thought to have been introduced from 
Rome. 

Engraving has been performed in different countries, 
and at different periods of time, on various substauces, 
chiefly on metals, wood, and the oriental precious 
stones, which are called gems, but with instruments 
that have varied but little since they were first invented. 
The metals upon which engraving is chiefly employed, 
are copper and steel, the former for producing impres- 
sions on paper in various ways, the latter for striking 
coins, medals, &c. Engraving on copper, for the 
purpose of producing impressions on paper, may almost 
be said to be an art of modem invention ; for though 
the ancients ornamented their armour, metal vases, &c., 
by this means, they appear never to have thought of 
printing from the incisions, or lines, cut with the graver, 
nor was it thought of till about the middle of the 15 th 
century. This art is chiefly employed in representing 
historical subjects, landscapes, portraits, &c., after, pic- 
tures, * or other designs made for the purpose. 

Engraving on copper, for the purpose of producing 
impressions on paper, may be divided into several spe- 
cies ; as engraving in aquatinta ; in die chalk manner ; 
with aquafortis ; engraving on mezzotinto, and the ori- 
ginal art of engraving in lines. We shall begin with the 
latter. 

Engraving is the cutting lines upon a copper-plate, 
by means of a steel instrument called a graver, without 
the use of aquafortis. This, as we have observed, was 
the first way of producing copper-plate prints that was 
practised, and is still much used in historical subjects, 
portraits, and in finishing landscapes. The tools neces- 
sary for this art are, gravers, a scraper, a burnisher, an 
oil-stone, a sand bag, an oil rubber, and some good 
charcoal. The gravers are made of tempered steel, 
fitted into short wooden handles. They are square and lo- 
zenge-shaped. The first are used in cutting broad strokes, 
the other for fainter and more delicate lines. The scraper 


is a three-edged tool, for rubbing off the burr raised by 
the graver. Burnishers are for reducing lines that are 
too deep, or burnishing out any scratches or holes in 
the copper : they are of hard steel, rounded and po- 
lished. The oil-stone is for whetting the gravers, 
etching points, &c. The sand-bag, or cushion, is for 
laying the plate upon, for the conveniency of turning it 
in any direction. The pil rubber and charcoal are for 
polishing the plate. As great attention is required to 
whet the graver, particularly the belly of it, care must 
be taken to lay the two angles of the graver which are 
to be held next the plate, flat upon the stone, and rub 
them steadily, till the belly rises gradually above the 
plate ; otherwise it will dig into the copper, and then it 
will be impossible to keep a point, or execute the work 
with freedom. For this purpose, keep your right arm 
close to your side, aud place the fore-finger of yoor left 
hand upon that part of the graver which lies uppermost 
on the stone. In order to whet the face, place the 
flat part of the handle in the hollow of the hand, with 
the belly of the graver upwards, upon a moderate slope, 
and rub the extremity upon the stone, till it has an 
exceedingly sharp point. When the graver is too hard, 
as may be known by the frequent breaking of the point, 
the method of tempering it is as follows : Heat a poker 
red-hot, and hold the graver upon it; within half an inch 
of the point, till the steel changes to a light straw co- 
lour ; then put the point into oil to cool ; or, . hold the 
graver close to the flame of a caudle, till it be of the 
same colour, and cool it in the tallow. Be not hasty 
in tempering ; for sometimes a little whetting will bring 
it to a good condition, when h is bat a little too hard; 
To hold the graver, cut off that part of. the handle 
which is upon the same line with the belly, or sharp 
edge of the graver, making that side flat, that it may be 
no obstruction. Hold the handle in the hollow of the 
hand, and extending your fore-finger towards the point; 
let it rest on the back of the graver^ that you may guide 
it flat and parallel with the plate. 

To lay the design upon the plate, after you have po- 
lished it fine and smooth, heat it so that it will mel% 
virgin- wax, with which rub it thinly aud equally over, 
and let it cool. Then the design which you are about 
to lay on, must be drawn on paper, with a black-lead 
pencil, and laid upon the plate, with its pencilled side 
upon the wax; then press it, and with a burnisher go 
over every part of the design, and when you take off the 
paper, you will find all the lines which you drew with. 
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the black-lead pencil upon the waxed plate, as if it had 
been drawn on it ; then with a sharp pointed tool trace 
the design through the wax upou the plate, and you 
may then take off the wax, and proceed to work. Let 
the table or board you "work at, be firm and steady ; 
upon which place your sand-bag with the plate upon it, 
and, holding the graver as above directed, proceed in 
the following manner : For straight strokes, move the 
right hand forwards ; leaning lighter where the stroke 
should be fine, and harder where you would have it 
broader. For circular or crooked strokes, hold the 
graver firmly, moving your hand or the plate, as you 
see convenient. Learn to carry the hand with such 
dexterity, that you may end your stroke as fiuely as you 
began it ; and if you have occasion to make one part 
deeper or blacker than another, do it by degrees : and 
take care that your strokes be not too close, nor too 
wide. In the course of your work, scrape off the 
roughness which arises, with your scraper ; but be care- 
ful not to scratch the plate, and that you may see your 
work properly as you go on, rub it with the oil-rubber, 
and wipe the plate dean, which will take off the glare 
of the copper, and shew what you have done to advan- 
tage. Any mistakes or scratches in the plate may be 
rubbed out with the burnisher, and the part levelled 
with the scraper, polishing it again lightly with the bur- 
nisher,, or charcoal. Having thus attained the use of 
the graver, according to the foregoing rules, you will 
be able to finish the piece, by graving up the several 
parts to the colour required ; beginning with the fainter 
parts, and advancing gradually with the stronger, till the j 
whole is completed. The dry point or needle (so called 
because not used till the ground is taken off the plate) is 
principally employed in the extremely light parts of wa- 
ter, sky, drapery, architecture, &c. I 

After all, in the conduct of the graver and dry point, 
it is difficult to lay down rules which shall lead to emi- 
nence in the art. Every thing seems to depend on the 
habit, disposition, and genius of the artist. A person 
cannot expect to excel very much in engraving, who is 
not a good master of design, and he ought to be well 
acquainted with perspective, the principles of architec- 
ture, and auatomy. He will, by these means, be able, 
by proper degradations of strong and faint tints, to throw 
backward and bring forward the figures, and other ob- 
jects of a picture or design, which he proposes to imi- 
tate. To preserve equality and union in his works, the 
engraver should always sketch out the principal objects 
of his piece before he undertakes to finish them. In 
addition to the rules already given, we may observe, 
that the strokes of the graver should never be crossed 
too much iu the lozenge manner, particularly in the re- 
presentations of muscle or flesh, because sharp angles 
produce the unpleasing effect of lattice-work, and take 
from the eye the repose which is agreeable to it, in all 
kinds of picturesque designs : there are exceptions to this 
rule, as in the . case of clouds, the representation of 
tempests, waves of the sea, the skins of hairy animals, 
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or the leaves of trees, in which this method of crossing 
may be admitted. 

In managing the strokes, the actions of the figures) 
and of all their parts, should be considered, and, as in 
painting, it should be observed how they advance to- 
wards or recede from the eye, and the graver must, of 
course, be guided according to the risings or the cavities 
of the muscles or folds, making the strokes wider and 
fainter in the light, and closer and firmer in the shades ; 
thus the figures will not appear jagged, and die outlines 
may be formed and terminated without being cut too 
hard. However, though the strokes break off where 
the muscle begins, yet they ought always to have a cer- 
tain connexion with each other, so that the first stroke 
may often serve by its return to make the second, which 
will shew the freedom and taste of the artist. In en- 
graving the muscles of the human figure, the effect may 
be produced in die lighter parts, by what are called 
long pecks of the gravers, or by round dots, or by dots 
a little lengthened, or what will be better, by a judi- 
cious mixture of these together. With regard to the 
hair, the engraver should begin his work by laying the 
principal grounds, and sketching the chief shades with a 
few strokes, which may be finished with finer and thin- 
ner strokes to the extremities. In the representation of 
architecture, the work ought not to be made too black, 
because as the edifices are usually constructed with 
stone, marble. See., die colour, being reflected on all 
sides, does not produce dark shades, as is the case of 
other substauces. Where sculpture is to be represented, 
white points must not be put in the pupils of the eyes 
of the figures, and in engravings after paintings ; nor 
must the hair or beard be represented as ia nature, which 
makes the locks appear flowing in the air, because, as 
is evident, in sculpture there can be no such appear- 
ances. 

It is impossible to lay down rules that shall apply to 
all the subjects concerned in this art, since it is required 
that they must be varied with almost every substance r 
thus, to instance the engraving cloths of different kinds, 
linen should be done with finer and closer hues than 
other sorts of stuff, and should be executed with single 
strokes. Woollen cloth should be engraved wide : 
shining stuffs, as silk or sattin, which are known to 
produce flat and broken folds, should be engraved 
harder and straighter than the others. Velvet and plush 
should be always interlined. Metals are also repre- 
sented by interlining, or by clear single strokes. Calm 
waters are best represented by strokes that are straight 
and parallel to the horizon, interlined with those that 
are finer, omitting such places as, in consequence of 
gleams of light, ( exhibit the shining appearance of wa- 
ter ; and the forms of objects reflected from the water; • 
are expressed by the same strokes, retouched more 
strongly, or faintly, as occasion may require. For 
agitated waters, as the waves of the sea, the first strokes 
should follow the waves, and may be interlined. It* 
cascades, the strokes should follow the fall. In land- 
scapes* 
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scape*, (he trees, rocks, earth, and herbage, should be I 
etched as much as possible : nothing is to be left to the { 
graver, but perfecting, softening, and strengthening. I 
The dry point produces an effect more delicate than the 
graver can, and may be used to great advantage in 
linen, skies, distances, ice, and often water. In al- 
most every thing it is proper to etch the shadows, 
only leaving the lighter tints for the dry point, graver, 
&c. 

To prevent any obstruction from too great a degree 
of light, the use of a sash made of transparent or fan 
jfaper, pasted op a frame, and placed sloping at a con- 
venient distance between your work and the light, will 
preserve the sight ; and when die sun shines, it cannot 


possibly be 
Of Met, 


be dispensed with. 


Of Mczzatinto Scraping . — This art, which is of 


late date, is recommended by the ease with which if is 
executed, especially by those who understand drawing. 
Mezzotinto prints are those which have no strokes of the 
graver, but whose lights and shades are blended toge- 
ther, and appear like a drawing in Indian-ink. They 
are different from aquatinta; but as both resemble In* 
dian-ink, the difference is not easily described. Mez- 
zotiuto m applied to portraits and historical subjects ; 
and aquatinta is chiefly used for landscape and archi- 
tecture. The tools necessary for mezzotinto scraping, 
are, the grounding-tool, burnishers, and scrapers. To 
lay the mezzotinto ground, lay your plate, with a piece 
of flannel under it, upon the table, hold the tool in 
your hand perpendicularly ; lean upon it moderately 
bard, continually rocking your hand in a right line from 
end to end, till you have wholly covered the plate in 
ope direction ; next cross the strokes from side to side, 
afterwards from corner to corner, working the tool each 
time all over tbe plate, in every direction, almost like 
the points of a compass ; taking care not to let the tool 
cut (in one direction) twice in a place. This done, the 
plate will be fulj, and would, if it were printed, appear 
completely black. Having laid the ground, take the 
9crapiqgs of black chalk, and with a piece of rag rub 
them over the plate ; or the plate may be smoked with 
candles. Now take the drawing, ami having rubbed 
the back with red chalk-dust, mixed with flake-white, 
proceed to trace it on the plate. To form the lights 
and shadowy take a blunt needle, and mark the out- 
lines only, then scrape off the lights in every part of the 
plate, at clean and smooth as possible, in proportion 
to the strength of the lights in your drawing, taking care 
not to hurt the outlines.' The use of the burnisher is to 
soften the extrema light parts after the semper is done 
with ; ouch as the tip of the nose, forehead, linen, &c., 
which might otherwise, when proved, appear rather 
. misty than dear. 

Another method used by mezzotinto scrapers, is, to 
Utcb tKe outlines of the original, and die folds in dra- 
pery, making the breadth of the' shadows by dots, which 
having bit to a proper depth with aquafortis, they take 
off the ground, used in etching, and having hud theraez- 
COtinto ground, proceed to scrape as above described. 


When die plate is ready, send it to the copper-plate 
printer, and get it proved. When the proof is dry, 
touch it with white chalk where it should be lighter, 
and with black chalk where it should be darker ; and 
I when the print is re-touched, proceed as before, for 
the lights ; and for the shades, use a small grounding 
tool ; prove it again ; and so proceed to prove and 
touch, till it is entirely to your mind. 

Mr. Robert Lawrie, in the year 1776, proposed to 
the Society for the Encouragement of Arts, Manufac- 
tures, &c., a new method of printing mezzotinto prints 
in cotours, for which be received a premium of thirty 
guineas. He says he was induced to attempt this me- 
thod, owing to the great expense attending the exe- 
cution of good engravings, which had more than 
answered bis most sanguine expectations. In this man- 
ner, animals, plants, &e., for illustrating Natural His- 
tory, may be finished in their proper colours, very much 
like drawings, and greatly resembling nature. The 
plates wiM also admit of being repaired, so as to furnish 
a large impression. The following is an explanation of 
his method : 

A copper-plate with an etched or engraved on time, 
dotted next tbe lights, and filled in with mezzotmto 
ground, is printed in colours after nature, or from a 
picture, by the following process. The plate being 
warmed m the usual manner, die colours are applied 
by means of stump camel-hair pencils to the different 
ports, as the subject suggests; it is then wiped with a 
coarte gauze canvass, any other being improper ; after 
this, ft is wiped dean with the hand, and being again 
warmed, is passed through the press. The colours are 
mixed with burnt linseed oil, and those generally used 
by painters are proper. 

Of Engraving tn Aquatinta . — Aquatinta is a me- 
thod of producing prints very much res em Miqg drawings 
in Indian-ink. The principle of tbe process consists in 
corroding the copper with aquafortis, in such a manner, 
that aa impression from it has the appearance of a tint 
laid on the paper. This is effected by covering the 
copper with a powder, or some substance which Cakes 
a granulated form, so as to prevent the aquafortis from 
acting where the particles adhere, and by this means 
cause it to corrode the copper partially, and in the in- 
terstices only. When these particles are extremely 
minute and near to each other, the impression from the . 
plate appears to the naked eye exactly like a wash of 
Indian-ink ; but when they are larger, the granulation is 
more distinct, and as this may be varied at pleasure, it 
is capable of being adapted with great success, to a 
variety of purposes, and subjects. 

r Dm powder, or granulation, is called the aquatinta 
grain, and there ate tyro general modes of producing it. 
We shall first describe what is called the powder-grain, 
because it was the first that was used. Having etched 
tbe outline on a copper-plate, prepared in the usual way 
by the coppersmith, some of the substance must be finely 
powdered and sifted, which will melt with heat, and 
when cold will adhere to the plate, and resist the action 
. of 
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of aquafortis. -The substances which hare been used stop round, and leave out all the finishing touches, ar 
for Inis purpose, either separately or mixed, are its- also the leaves of trees, and many other objects, which: 
phaltum. Burgundy pitch, rosin, gum copal, . gum- it would be impossible to execute with die necessary 
masticb; and in a greater or less degree, all the resins degree of freedom in this manner. To overcome this 
and gum-resins will answer the purpose. Common difficulty, another very ingenious process has been in* 
rosin has been most generally used, and answers tole- vented, by which these touches are laid on the plate 
rably well; though gum copal makes a grain that resists with the same ease and expedition as they are in a' 
the • aquafortis better. The substance intended to be drawing in Indian-ink. Fine washed whiting is mixed 
usted for the grain, must now be distributed over the with a little treacle or sugar, and diluted with water in- 
plate as equally as possible ; and different methods of the pencil, so as to work freely, and this is laid on the 
performing this essential part of the operation have plate covered with the aquatint ground, in the same 
been used by different engravers, and at different times, manner and on the same parts as ink on the drawing.: 
The most umiat way, is to tie up some of the powder When this is dry, the whole plate is varnished over 
in i piece of muslin, and strike it against a piece of with a weak and thin varnish of turpentine, asphaltum, 
Stick, held at a considerable height above the plate; or masticb, anu then suffered to dry, when the aqua-? 
by this, the powder. that issues falls gendy, and settles fortis is poured on. The varnish will immediately 
equally over the plate. Every one must have observed break up in the parts where die treacle mixture was 
how uniformly hair-powder setdes upon the furniture laid, and expose all those places to the action of the 
after the operations of the hair-dresser, which may acid, while the rest of the plate remains secure. The 
afford a hint towards die best mode of performing this effect of this will be, that all the touches or placer 
part of the process. The powder must fall upon it where the treacle was used will be bit in deeper than- 
from a considerable height, and there must be a suffi- the rest, and will have all the precision and firmness of 
ciently large cloud of the dust formed. The plate touches in Indian-ink. After the plate is completely 
being covered equally over with the dust, , or powder, bit-in, the bordering-wax is taken off, by heating the 
the operator is next to proceed to fix it upon the plate, plate a little with a lighted piece of paper ; and it is 
by heating it gendy, so as to. melt the particles. This then cleared from the ground and varnish by pil of tur- 
may be effected by bolding under the plate lighted pentine, and wiped clean with a rag and a little fine 
pieces of brown paper rolled up, and moving them whiting, when it is ready for the printer. The principal 
about till every part of the powder is melted; this will disadvantages of this method of aqua tinting are, that 
be known by its change of colour, which will turn it is extremely difficult to produce tne required degree' 
brownish. It must now be suffered to cool, when it of coarseness or fineness in the grain, and that plates so 
may be examined with a magnifier, and if the grains or engraved do not print many impressions before they are 
particles appear to be uniformly distributed, it is ready worn out. It is therefore now very seldom used, though 
for the next part of the process. The design or draw- it is occasionally of service. 

ing to be engraved must now be examined, and such We next proceed to describe the second method of 
parts of it as are perfectly white are to be remarked, producing the aquatint ground, trhich is generally prac- 
Those corresponding parts of the [date most be covered tised. Some resinous substance is dissolved in spirits of 
or stopped out, as it is called, with turpentine-varnish, wine, as common roam. Burgundy pitch, or masticb, 
diluted with turpentine to a proper consistence, to work and this solution is poured all oyer the plate, which is 
freely with the pencil, and mixed with lamp-black to then held in a slanting direction till the superfluous fluid 
give it colour; for if- transparent,, the touches of the drainsoff; and it is laid dowu to dry, which it does in a 
pencil would not be so distinctly seen. The margin of few minutes. If the plate be then examined with the 
the plate must also be covered with , varnish. When the magnifier, it will be found that the spirit in evaporating 
stopping-out is sufficiently dry, a border of wax must has left the resin in a granulated state, or rather that the 
be raised round the plate, in the same manner as in latter has cracked in every direction, still adhering firmly 
etching, and the aquafortis, .properly diluted with water, to the copper. A grain is thus produced with the 
poured on. This is called biting in, and is the part of greatest ease, which is extremely regular and beautiful, 
the process which is most uncertain, and which re- and much superior for most purposes to that produced 
quires the greatest degree of experience. When the by the former method. After the grain is formed, every 
aquafortis has lain on so long that the plate, when part of the process is conducted in the same manner 
printed, would produce the lightest tint in the drawing, as has been described. 

it is poured off, and the plate washed with water ami Having thus given a general idea of the art, we shall 
dried. When it is quite dry, the lightest tints in the mention some particulars ntecessary to be attended to, • 
drawing are stopped out, and the aquafortis poured on in order to ensure success in the operation. The spirits 
as before ; and the same process is repeated as often as of wine used for the solution must be highly rectified and 
there are tints to be produced on the plate. Although of the best quality. What is sold in the shops generally 
many plates are etched entirely by this method of stop- contains camphire, which would entirely spoil the grain, 
ping out and biting in alternately, yet it may easily be Rosin, Burgundy pitch, and giun-mastic, when dis* 
conceived, that in general, it would be very difficult to solved in spirits of wine, produce grains cf a different 
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appearance nd figure, end are sometimes used sepa* 
lately opd aomctunes nosed in different proportions, 
according to dis taste of dm artist, some using one sub* 
stance aid some, another. In order to produce a 
noarser or finer grain, it is necessary to use a greater or 
smaller quantity of resin; and to ascertain the proper 
proportions several spare pieces of copper must be pro* 
sided, on which the liquid may be poured and the grain 
eaamiaed before it is applied to the plate to be engraved. 
After the solution is made it must stand still and undis- 
turbed for a day or two, till all the impurities of the J 
resin have settled to the bottom and the fluid is ouite | 
pellucid. No other method of freeing it from those . 
impurities has been found to answer; straining it j 
through linen or muslin only fills it with hairs, which 
are ruinous to the gram. The room in which the liquid 
is poured on the plate must be perfectly still and free 
from dust, which, whenever it fells on the plate while 
wet, causes a White spot, that it is impossible to re* 
move without laying the grain afresh. The plate must 
also be previously cleaned with the greatest possible 
care with a rag aod whiting, as the smallest stain or 
particle of grease produces a streak or blemish in the 
grain. All these attentions are absolutely necessary to 
produce a tolerably regular grain; and, after every 
tlung that can be done by the most experienced arritts, 
still there is much uncertainty in the process. They are 
sometimes obliged to lay on the grama several times, 
before they procure one sufficiently regular. The same 
proportions of materials do not always produce the 
same effect, as it depends in some degree on their Qua- 
lities: and it is even materially altered by the weather. 
These difficulties are not to be surmounted but by a 
great deal of experience ; and those who are daily in 
the habit of practising the art are frequently liable to 
the most unaccountable accidents. Indeed, ibis much to 
be lamented that so elegant and useful a process should 
be so extremely delicate and uncertain. It beingneces- 
sary to hold die plate in a slanting direction in order to 
drain off the superfluous fluid, there will naturally be a 
greater body of the liquid at the bottom than at the top 
of the plate. On this account, a grain laid in this way 
is always coarser at the side of the plate that was held 
lowermost. The most usual way is to keep the coarsest 
aide for the fore ground, that being generally the part 
which has the deepest shadows. In laige landscapes 
sometimes various parts are laid with different grains, 
according to the nature of the subject. The finer the 
grain is the more nearly does the impression resemble 
lndian-ink, and the fitter it is for imitating drawings : 
but very fine grains have several disadvantages ; for they 
are" apt to come off before the aquafortis has lain on 
long enough to produce the desired depth; and as .the 
plate is not corroded so deep, it sooner wears out in 
printing, -whereas coarser grains are firmer, the add 
goes deeper, and theplate will throw off a great many 
more impressions. The reason of all this is evident, 
when it is considered that in the fine -grains the particles 
are small and near each other, and consequently the 


aquafortis, which acta laterally os wall as downwards, 
soon undermines the particles and causes them to come 
off. If left too long on the plate, fee acid would eat 
away the grain entirely. On these accounts, therefore^ 
the moderately coarse grams are more sought after, and 
answer better the purpose of the publisher than the 
fine grains which were formerly in use. Although 
there are considerable difficulties in laying properly the 
aquatint grain, yet the corroding the copper, or bjrigg- 
in, so as to produce exactly the tint required, is still 
more precarious and uncertain. All engravers allow 
that no positive rules can be laid down, by which tbs 
success of this process can be secured ; nothing but a 
great deal of experience and attentive observation can 
enable the artist to do it with any degree of certainty. 
There are some hints, however, wtu& may be of con- 
siderable importance to the person who wishes to attain 
the practioa of this art. It is evident that the longer 
the acid remains on the copper the deeper it bites, and 
consequently the darker will be the shade in the im- 
pression. It may be of some use, therefore, to have 
several bite of copper laid with aquatint grounds of the 
same kind to be used in the plate, and to let the aqua*' 
fords remain for different lengths of rime on each ; and 
then to examine the tints produced in one, two, throe* 
four minutes, or longer. Observations of fins kind 
frequently repeated, and wife different degree* of 
strength of the acid, will at length assist the judgment 
in guessing at the tint which- is produoed in tbs plate. 
A magnifier is also useful to examine the grain, and to 
observe the depth to which it is bit It mutt be ob- 
served, that no proof of die plate can be obtained till 
the whole process is finished. If any part appears te 
have been bit too dark it mutt be banished down with 
a steel burnisher ; but this requires great delicacy and 
good management not to make the shade streaky) and 
as the beauty and durability of the grain are always 
somewhat injured by it, it should beavoided as much 
as possible. Those parte which are not dark enough 
must have a fresh grain laid over them, and be stopped 
round with varnish, and subjected again to the aqua- 
fortis. This is called re-biting, and requires peculiar 
care and attention. The plate must be very well 
cleaned out with turpentine before the grain is laid on* 
which should be pretty coarse, otherwise it will not lay 
upon the heights only, as is necessary in order to pro* 
dace the same grain. If the new grain is different from 
the former it will not be so dear nor so firm, but rot- 
ten. We have now given jbl general account of the 
process of engraving in aquatint, and we believe that 
no material circumstance has been omitted that can be 
communicated, without seeing the operation ; but after 
aU, it must be confessed that no printed directions .what* 
ever can enable a person to practise it perfectly. Its 
success depends upon so many niceties and attention to 
circumstances apparently trifling, that the person who 
attempts it must not be surprised if he does npt suc- 
ceed at first. It is a species of engraving simple and 
expeditious, if every drag goes on well ; bqt it is very 
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precarious, md tb trron which are made are rectified 
with greet difficulty. 

It seems to be adapted chiefly for imitation of 
sketches, washed drawings, and slight subjects; but 
does not appear to be at all calculated to produce prints 
from finished pictures, as k is not susceptible of that 
accuracy in the balance of tints necessary for Ibis pur* 
pom. Nor does it appear to be suitable for hook* 
r^, as it does not print a sufficient number of in** 
pcessionB. it is therefore not to be put in eotn petition 
with dm other modes of engraving. If confined to those 
subjects for which it is calculated, it must be allowed 
to be extremely useful, as it is expeditious, and may be 
attained with much less trouble than any other mode of 
engraving. * But even this circumstance is a source of 
mischief, as it ocolsioas the production of a multitude 
of prints that have no other effect than that of vitiating 
the public taste. Engraving in aquatint was invented 
by Le Prince, a French artist, who kept his process a 
1 ong time secret, and k is said he sold his prints at first 
as drawings; hat he appears to have been acquainted 
only with the powder-grain and tbe common method of 
stopping*out. Tbs prints which be produced are still 
some of tbe finest specimens of the art Mr. Paul 
Sandby was the first who practised k in this country, 
and it was by b»a» communicated to Mr. Jukes. It is 
stow practised veiy generally all over Europe, but no 
where mors successfully than in this kingdom. 

We now come to Etckiag ; an important branch of 
tbe art of engraving, in which the lines or strokes, in- 
sftend of befog cut with a- tool or graver, are corroded 
or bit m with nitrous acid. In almost all engravings on 
copper that are executed in the stroke manner, etching 
and graving are combined, the plate being generally 
began fay etching and finished by tbe hand of the en- 
graves. Bulged* that receive the most assistance from 
the art of etching are landscapes, architecture, and 
machinery. It is not applicable, or only in a small 
degree, to portraits and historical designs. In de- 
scribing the instruments and materials used in this art, 
we may observe that coppesvplates on which the de- 
signs are made may be obtained ready - prepared at the 
coppersmiths. 

Etching- points or needles are pointed instruments of 
steel about an inch long, fixed in handles of hard wood 
about six inches in length, and of the size of a large 
goose-quill. They should be made of well tempered 
metal, and . fixed very firmly in the centre of the handle. 
They must be brought to an accurately conical point by 
rubbing upon an oil stone* A parallel ruler is necesr 
ary for drawing parallel straight lines, though Mr, 
Lowry, Mr. Porter and others substitute for tins a 
to be described that greatly facilitates the 
labour, and performs the - work with more accuracy and 
ftgubrhy* 

Nitrous acid is used for corroding or biting * a the 
rough sketch of the engraving. The bordering war for 
surrounding the . margin of the copperplate when the 
tcid is to be poured on, is composed of one part of 


bees-wax and two parts of pksfa. These arete be 
melted together in an iron ladle, and when awaited In 
be thrown into worm water, after whieh they am In be 
moulded into rolls of a convenient rise. 

Turpentine varnish is used for covering the copper* 
plate in those parts which are not to be corroded with 
the acid. This varnish is to be mixed with laoqp-biatk* 
that it may be seen better when hud upon the plate. 
The etching-ground is used for covering foe pkte, prc* 
viously to drawing foe fines upon it with the needle* 
The composition of this is thus described : take of vfo 
gin-wax and asphaltum, each a pound and a quarter, of 
black pitch and Burgundy pitch each half an ounce) 
melt the wax and patch together in an earthen pipkin, 
and add to them by degrees the asphaltum finely paw* 
dered. The whole is now to be boiled together, and 
when sufficiently boiled it is to be poured into warm 
water and formed >into bells for use. 

To lay the ground for etching, proceed in the fob 
lowing manner: having cleaned the copperplate with 
some fine whiting and a fioen rag, In fine it from aH 
grease, fin a hand-vice to some port of k whese no 
work is Blended to be, to serve as a handle fox managing 
it by when warm. Roll op some coarae brown paper, 
and light one end ; then hold the beck of the plate over 
foe burning paper, moving it abeat until every part 
of it is equally heated, seat to melt the etching-ground^ 
which should bp wrapped up in a hit of taffeta, to pm- 
veal any dirt that may happen te be among k, non 
mfofog with what is melted upoa the plate. If the 
plate be large, it will be hast to heat k over n nkafing 
dish with some clear coals. It must be heated just 
sufficient to melt the ground, but noi se much as 'te 
burn it Wheq a sufficient quantity of the etchings 
ground has been rubbed upon 1 the plats, it must bp 
dabbed, or beat gently, while foe plate is hot, with, a 
small dabfaer made of cotton wrapped up in a piece of 
taffeta, by which operation' the ground is distributed, 
more equally over foe plate foau it eouM be by any other 
means. 

When the plate is thus uniformly and thinly covered 
with foe varnish, k must be blackened by smoking 
it with a wax-taper. For this purpose twist together 
three or four pieces of wax-taper, to make a larger 
flame, and while foe plate is stUl warm, hold it with 
the varnished side downwards, and more the smoky 
part of the lighted taper over its surface, till it is made 
almost quite black ; taking care not to let the wick 
touch the varnish, and that foe latter get no smear or 
stain. In laying foe etching-ground, great care must 
be taken that no particles of dust or dirt of any kind 
settle upon it, as that would be found very troublesome 
io etching ; foe room therefore in which k is hid should 
be as still as possible and free from dust. 

The ground being now laid, and suffered to cool, 
foe next operation is to transfer the design to foe plate. 

For this purpose a tracing on oiled paper must now 
be made, from the design to be- etched, with pen and 
ink, having a very small quantity of ox’s g»ll mixed 
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with it, to make the oiled paper take it; also a piece of 
thin paper of the same size, must be rubbed over with 
red chalk, powdered, by means of some cotton. Then 
laying the red chalked paper, with its chalked side next 
the ground, on the plate, put the tracing over it, and 
fasten them both together, and to the plate, by a little 
bit-of die bordering-wax. 

When all this is. prepared, take a blunt "etching 
needle, and go gendy all over the lines in die tracing ; 
by which means the chalked paper will be pressed 
against the ground, and the lines of the tracing will be 
transferred to the ground: on taking off the papers, 
they will be seen distincdy. 

The plate is now prepared for drawing through the 
lines which have been marked upon the ground. For 
this, the etching-points or needles are employed, lean- 
ing hard or lightly, according to the degree of strength 
required in the lines. Points of different sizes and 
fonnsare also used, for making lines of different thick- 
ness, though commonly this is effected by the biting-in 
with the aquafortis. 

* A margin or border of wax must now be formed all 
round the plate, to hold the . aquafortis when it is 
poured on. To do this, the bordering-wax already 
described must be put into lukewarm water to soften it, 
and render it easily worked by the hand. When suffi- 
ciently pliable, it must be drawn out into long rolls, 
and put round the edges of the plate, pressing it down 
•firm, and forming it with the fingers into a neat wall or 
margin. A spout must be formed in one corner, to 
pour off the aquafortis by afterwards. 

The nitrous acid is now to be diluted with four or 
five times as much water, or: more, according as die 
plate is to be bit quick or slow, and poured upon the 
plate. In a few minutes you will see minute bubbles 
. of air filling all the lines that have been drawn on the 
copper, which are to be removed by a feather; and the 
plate must be now and then swept , as it is called, or 
kept free from air-bubbles. By me more or less rapid 
production of these bubbles, you judge of the rapidity 
with which the acid acts upon the copper. The biting- 
in of the plate is the most uncertain part of* the process, 
and nothing but very great experience can enable any 
one to tell when the plate is bit enough, as you cannot 
easily see the thickness and depth of the line till the 
ground is taken off. 

* When you judge, from thetime die acid has been on, 
and the rapidity of the biting, that those lines which you 
wish to be the faintest are as deep as you wish, you pour 
off die aquafortis by the spout, wash the plate .with 
Water, ana diy it by blowing with bellows, or by the 
fire, taking care not to melt the ground. Those lines 
that are not intended to be bit any deeper, must now 
be stopped up with turpentine-varnish mixed with a 
little lamp-black, and laid on with acamel’s-hair pencil ; 
and when this is thoroughly dry, the aquafortis may 
be pbured on again, to bite the other lines that are 
required to be deeper. This process of stopping-out 
and biting-in, is to be repeated as often as there are to 


be lines of different degrees of thickness, taking care 
not to make any mistake in stopping-out wrong lines. 

It is also necessary to be particularly careful to stopl 
out with the varnish, those parts from which theground 
may happen to have come off by die action of the acid, 
otherwise you will have parts bit that were not intended, 
which is called foid-biting. When the biting-in is quite 
finished, the next operation is to remove the bordering- 
wax and the ground, in order that you may see what 
success yon have had; for till then, tins cannot be 
known exactiy. To take off die bordering-wax, the 
plate most be heated by a piece of lighted paper, 
which soffeeu8the wax in contact with the piste, and oc- 
casions it to come off quite clean. Oil of turpentine is 
now poured upon the ground, and the plate is rubbed 
with a bit of linen rag, which removes all the ground. 
Lastly, it is cleaned off with whitening. 

The success of the etching may now be known, but 
it is necessary to get an impression taken upon paper by 
a copper-plate printer. This impression is called a 
proof. 

If any parts are not bit so deep as were intended, the 
process may be repeated, provided the lines are not 
too faindy bit to admit of it This second biting-in 
the same lines, is called renting , and is done as fol- 
lows : melt a . little of die etchi^-ground on a spare 
piece Of copper, and dab it a litde, to get some on the 
dabber ; then, having cleaned out, with whiting, the 
lines that are to be re-bit, heat the plate gendy, and 
dab it very lighdy with the dabber. By this, the parts 
between the lines will be covered with the ground, but 
the lines themselves will not be filled up, and conse- 
quendy will be exposed to the action of the aquafortis. 
This is a very delicate process, and must be . performed 
with great care. The rest of the plate must now be 
varnished over, die bordering wax put bn again, and 
the biting repeated in the same manner as at first. 

If any part should be bit too deep, it is more difficult 
to recover it, or make it fainter: this is generally done 
by burnishing the part down, or rubbing it with a piece 
of charcoal. This will make the lines shallower, and 
cause them not to print so black. 

Should any small parts of the lines have missed al- 
together in the biting, they may be cut with the graver : 
which is also sometimes employed to cross the fines of 
the etching, and thus to work up a ipore finished 
effect. 

Diy-pointiug, as it is technically called, is a method 
employed for softening the harsh effects usually appa- 
rent in anv etching. Tnis is done by cutting with the 
etching-point upon the copper without any ground or 
varnish. This does not make a very deep line, and is 
used for covering the light, where delicate tints and soft 
shadows are wanting. By varying these processes of 
etching, graving, and dry-pointing, the plate may be 
worked up to the full effect intended. 

. Engraving in dots, which has been very much prac- 
tised within the last twenty years, is an old invention, 
and was the only mode discovered by the Italians. 

Augustine 
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Augustine of Venice, who flourished from 1509 to 
1536, used it in sevend of his earliest works, but con- 
fined it to the representation of flesh, as in an undat- 
ed print of an old man seated on a bank, with a cottage 
in the back-ground. It is seen, likewise, in a print of 
a single figure standing, holding a cup and looking up- 
wards, by Giulio Campagnola. The back-ground is 
executed with round dots made apparently with a dry 
point. The figure is outlined with a stroke deeply en- 
graved and finished with dots, in a manner greatly 
resembling prints engraved by Demarteau, at Paris, in 
imitation of red chalk. The hair and beard are ex- 
pressed by strokes. 

Having gone through the mechanical preparations, 
which require care and experience, the engraver’s task 
as an artist or man of taste properly begins. He may 
now call forth bis iuventive powers. The forms of his 
objects must now be severally drawn, and his shadows, 
tints, and lights, excepting such as he may prefer to 
leave to be executed by the graver, or dry point, be 
etched by employing lines more close or more open, 
and pressing on his needles more lightly or strongly, in 
order that be may vary bis lines with the nature of the 
object. The characteristic advantage of etching, for 
certain purposes, over lines cut with the graver, consists 
in the unlimited freedom of which this mode of art is 
susceptible. The etching-needle, meeting little resistance 
from the varnish, glides along the surface of the plate, 
and easily takes any turn that the taste of the^ artist may 
direct, or his hand accomplish ; and hence it is well 
adapted to the expression of that class of objects which 
are denominated by die term picturesque, such as trees, 
rocks, ruins, cottages, the hair of animals, brokenground, 
or other rough and irregular surfaces. 

With the view of etching subjects of these kinds, Mr! 
Lowry several years since invented and constructed 
divers instruments and machines which he has suc- 
cessfully employed in the fine engravings executed by 
his hand or under his direction. One of these was for 
etching successive lines either equirdistant, or in just 
graduation from being wide apart to almost the nearest 
approximation ; the compass of the instrument being 
commensurate with every possible demand of art. 
Another machine is for striking elliptical, parabolical, 
and hyperbolical curves, and, in general, all those lines 
which are known by geometricians under the denomi- 
nation of geometrical curves, from the dimensions of 
the point of a needle to an extent of four or five feet. 
He has also constructed other machinery for facilitating 
particular operations of etching, and'enstiriug precision in 
describing arcs of circles of every radius, lines conveiging 
to points at all distaqces, various kinds of spiral lines and 
the cogs and smaller teeth of wheel-work. These in- 
ventions combine elegance and utility, and are of high 
value if only considered as auxiliaries of the imitative 
part of this branch of engraving, but as connected with 
the other departments of science, they are of incalcu- 
lable advantage. The accuracy of their operations ap- 
pears to be perfect, as far as can be ascertained by the 


human senses aided with powerful magnifying glasses. 
Mr. JLowry has never published an account of his 
machines : he, Mr. Porter, and others wh% make use 
of them endeavour to keep their construction a secret. 
To this Mr. William Nicholson alludes in his Journal 
for January 179 9, and says, that upon his first hearing 
of the fact, he thought and asserted that it would be 
easy to make such a tool. He accordingly, at the in- 
tervals of his leisure, did accomplish the object. He 
disclaimed the merit of originality of thought in substi- 
tuting mechanical operations instead of hand-work, and 
he adds “ those who have seen the screw gear of 
Ramsden’s great dividing engine will perceive that I 
have done little more than distribute the parts of this 
tool in what appeared to me to be the most simple and 
convenient ^manner.” It is difficult to give an intel- 
ligible description of this machine without the aid of 
figures, and as the machine has not been deemed suf- 
ficiently perfect to get into general use, it does not 
seem to claim that degree of importance which engrav- 
ings would bestow upon it. It consists of a frame 
fixed to a drawing-board, and resembles a sliding-rule 
and serves to guide a sliding-piece. There is a screw 
having forty threads to an inch; and there are two 
cocks, of which one is fixed to the frame, and bears a 
clip or pair of nuts, which open and shut with a joint 
like compasses, and either embrace the screw by a 
regularly tapped part wheu shut, or leave it at liberty 
when open. Hie other cock is fixed to die sliding* 
piece : it carries a steel ruler, which though sufficiently 
strong, is thin enough to adapt itself to slight variations 
of thickness of the plate beneath it. “ In my instru- 
ment,” says Mr. Nicholson, “ I have made it adjusta- 
ble to much greater variations of thickness, by means 
of an horizontal axis; but as this contrivance adds to the 
expense, and diminishes the simplicity of the instru- 
ment, I would rather recommend that great variations 
should be allowed for by putting paper or thin slips of 
metal underneath the plate as may be required.” The 
end of the screw is turned down, and fixed in the cock 
by means of a nut and washer : the upper part of the 
cock is filed round, and cut into teeth, of which fifty 
would complete the whole circle. The centre of this 
external circular part corresponds with the axis of the 
screw, and there are shewn in the figure two short cy- 
lindrical pieces which are hollow, aud apply to. each 
other so as to form a kind of box. Within, and fixed 
to one of these cylindrical pieces, which is fixed to the 
screws itself, there isa ratchet wheel divided into 50 teeth ; 
and within the cylindrical piece there is a ratchet Wheel, 
which holds when the said piece is moved by its handle 
from right to left, but which escapes when that handle 
is moved in a contrary direction. The lever or arm is 
likewise supported by the stem of the screw, and occu- 
pies the remaining space between the handle and the 
cock. At the outer extremity of this lever there is a small 
steel blade, which, by means of a back spring exactly 
resembling that of a pocket knife, may be made to 
form a continuation of the lever itself, or by being 
4 Q placed 
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placed at right angles to the lever, may be made to rest 
in any of the divisions between the teeth of the circum- 
ference of the cock, and consequently will by that 
means confine the lever to the position in which it is 
placed. The handle cannot pass the lever because this 
last is too thick, and there is a stud or pin upon the 
face of the cock, which prevents the handle from being 
moved beyond a certain determinate station to the left 
hand. And* lastly, the ruler may be of any required 
length, and serves, by means of a thumb-screw at one 
end, and another at the opposite end, to secure the 
copper-plate against the drawing-board in the usual 
manner. 

Such is the construction of the machine : its use is 
thus set forth : — By drawing back a claw, the screw is 
set at liberty, and the ruler may be brought to any 
required distance by hand. The plate may then be 
duly placed and secured to the board, aud the clip 
drawn gently together by the claw. In this situation* if 
the lever be placed at a considerable distance from the 
handle, that handle may be moved to the right, during 
which the click will gather upon the ratchet-wheel ; and 
then being returned to the left, it will carry the screw 
round. The gentle pressure, exerted by means of the 
claw, will tend to close the clip upon the screw, as 
soon as it comes into a fair position by its rotation ; at 
Which instant the claw will suddenly fall into its place, 
and the machine is ready for work, excepting that the 
adjustment for the fineness or coarseness of the stroke 
must be first maide. This . is done by the lever. If the 
steel blade be dropped into the first notch beginning on 
the left hand, the handle will be confined; if at the se- 
cond notch, the handle, upon being moved backwards 
and forwards between the pin and lever, will move the 
screw through one tooth, or the one-fiftieth of a turn 
each time, and consequently will carry the ruler through 
the TTO^th part of an inch. If the blade of the lever 
be placed in any other of the notches, the quantity 
passed over, at each return of the handle, will be 
greater or less according to the number. As there are 
but twenty-six notches, the greatest single shift of this 
instrument will be the ^th part of an inch ; but as this 
shift is so readily made, it is easy, even with this fine 
screw, to reach greater intervals, by moving the handle 
once, twice, or .even three times, between stroke and 
stroke. Thus, for the ^th of an inch, or T^wths, the 
number of intervals cannot be passed over at one stroke ; 
bt*t if the blade be set at the twentieth notch, the ruler 
will be shifted exactly that quantity, by two movements 
of the handle. j 

Soon after Mr. Nicholson had given this account to 
the public, Mr. Low r ry permitted him to take a view of 
his machine for ruling, which he found to be entirely 
different from the one just described.' “ As he, (Mr. 
Lowry,) ha9 no actual division in the part which pro- 
duces the shift, he can regulate his distances to incom- 
mensurate, as well as commensurate measures. The 
parallax of the ruling point, against which I had made 
no provision, is, by a very simple and happy contriv- 


ance, taken away in common ruling, or rendered varia- 
ble at pleasure, for the purpose of thickening the stroke 
in shading/’ 

.Engravers have frequently complained of die inconve^ 
nience which they experience from the fumes which 
proceed from the action of the nitrous acid upon the 
copper, when the plate is large. To remedy this, Mr. 
Cornelius Varley recommends that the artist should get 
a frame made of deal, three or four inches deep, co- 
vered with a plate of glass, and open at one side ; the 
side opposite to this is to have a round opening commu- 
nicating, by means of a common iron pipe, with the 
ash-pit of any little stove or other fire-place, shut op 
from all other access of air but what must pass through 
the pipe. Any fumes rising from a copper-plate laid 
under such a frame will be carried backward into the 
iron-pipe by the current of air required to main tain 
combustion in the stove, and will by this means be car- 
ried up the chimney, in place of being allowed to fly 
about m the apartment. The pipe may be used by 
carrying it down through the table to the floor, and so 
along to the place wherever the chimney is ; and when 
the frame is not wanted, the pipe, at one of the join- 
ings, may be made to answer the purpose of a hinge, 
by which to turn np the frame against the wall, where 
it may be secured, while out of use, by a button, &c. 

Before we conclude this article, we may give an 
account of another subject or two closely connected 
with it. Of these, the first is Mr. Samuel Toplis’s (of # 
Gainsborough) method of writing and engraving in oil, 
and multiplying copies on paper, parchment, linen, 
and other materials of flexible texture, which is as 
follows : Have in readiness a well-polished, silver, 
copper, or other metal plate, or earthen-ware, or bom, 
and have ready a cushion, or as a substitute for a cushion, 
a fresh bladder filled with air. On the cushion, or its 
substitute, with a painter’s brush, a knife, a folding- 
stick, or other convenient instrument, spread a fine coat 
of strong printing ink, or in the absence of this, paint, 
or other substance of a viscous nature may be used, 
provided it be of such a consistence as will admit of 
separation without running. Take the plate, holding it 
by the comers alternately, and suffer it to touch the 
ink, paint, Sac., by gentle pattings or fallings of the 
late, till the whole become coated. With a piece of 
aid wood reduced to a point fit for making strokes, 
engrave or delineate the subject required. The plate 
thus coated, engraved, or delineated, must be then 
taken to a rolling-press, and on it lay a dry or a moist 
sheet of paper, skin of parchment, or leather, &c.; on 
any of these lay a woollen cloth, or other such body, 
and giving the requisite pressure, there will be found a 
fair copy of all matters engraved or otherwise delineated 
on the coated plate, in white characters. If more than 
one copy is required, the force meant to be applied 
must be divided by the number of copies wanted. This 
invention, says the author of it, is intended to convey 
useful knowledge, or the delineations of fancy, to the 
various parts of the habitable globe, in a different and 

more 
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more curious manner than by any other means that have 
hitherto been practised or attempted. The art may be 
extended through the mediums of painting, japanning, 
cqlico-priuting, to all bodies possessing plain surfaces, 
of whatever shape or use, amidst our various arts and 
manufactures ; for it is able to figure that essential part 
of dress, linen, in a cheaper and readier way than, by 
any yet adopted. 

The following is a description of a moveable table 
for the use of engravers, invented by the Abb6 Joseph 
Longhi, a very ingenious Italian artist. tle'was led to 
this by observing how common it is for engravers to die 
at an early period of their lives : “ It too often hap- 
pens,” he says, “ that those artists who apply themselves 
the most assiduously to their art, fall early victims to 
their diligence, so that their first essays become thfeir 
last works.” Reflecting on the causes that led to this, 
he found it to proceed from the very hurtful attitude 
in which the engraver is placed at his work ; for in 
engraving a plate, even of a middling size, if the plate 
be placed horizontally upon a cushion, it is not only 
impossible to perform the work without a very injurious 
curvature of the body ; but it lays the foundation of those 
complaints which so often prove fatal to artists. The 
intention of the Abb6, in the invention of -the table now 
to be described, was, that those artists should be able 
to work either standing or sitting, without any injurious 
bending of the body; for this purpose he began by 
placing the copperplate upon a desk, revolving on a 
centre, but he soon found that one centre was insuffi- 
cient ; it became necessary, therefore, that the board 
upon which the plate was to be fixed, should have a 
great number of square holes underneath, by which it 
might be put upon the axis or pivot in any part, as oc- 
casion might require. He says this table is much more 
commodious for engraving than any other method ; for, 
when it is necessary to engrave in the corner of a plate, 
it is difficult to do it on a cushion in the usual way, that 
is, by supporting it with the left hand, and keeping it 
quite motionless ; and the smallest motion in the plate 
renders it impossible to perform the work properly ; but 
upon this table, where the plate is fixed upon a pivot or 
axis, and supported by a projecting part under it, the 
left hand has less to do, and the plate always turns 
round parallel to what it rests upon. 

The upper or moveable part of the table consists of a 
thin plank, to the bottom of which is united an iron 
plate, with a number of square holes made to fit exact- 
ly that part of the axis which protrudes. The under- 
board is made to rise and fall at pleasure, in the man- 
ner of a desk, by means of a pair of hinges, in the 


middle of which is the thick protruding axis just men- 
tioned, that comes through a circle of iron. There is 
also a still larger circle of iron, of the same height as 
the smaller one, that serves for the moveable board to 
rest upon, as it is turned round. There is a foot 
by which the desk part is supported at any required 
height. 

Engraving on Wood . — Engraving on wood is a pro- 
cess exactly the reverse to engraving on copper. In 
the latter, the strokes to be printed are sunk, or cut 
into the copper, and a rolling-press is used for printing 
it; but in engraving on wood, all the wood is cutaway, 
except the lines to be printed, which are left standing 
up like types, and the mode of printing is the same as 
that used in letter-press. The wood used for this pur- 
pose is box-wood, which is planed quite smooth. The 
design is then drawn upon the wood itself with black- 
lead, and all the wood is cut away with gravers and 
other proper tools, except the lines that are drawn. 
Or sometimes the design is drawn upon paper, and 
pasted upon the wood, which is cut as before. This 
art is of considerable difficulty, and there are compara- 
tively very few who practise it. But of late years, the 
art of cutting designs upon wood has arrived at a vast 
degree of perfection, especially under the celebrated 
Bewicks, of Newcastle, who have carried their execu- 
tion in this respect to a pitch of elegance rivalling, and 
in some instances, almost surpassing copper-plate en- 
graving, which before their time was believed to be 
utterly unattainable. 

On this subject Mr. P. Wilson, of Glasgow, ob- 
serves, “ Having often regretted that such rare speci- 
mens of art as they have produced were so perishable, 
from the frailness of the materials upon which so much 
genius and labour were expended, I was induced to 
send to Mr. Tassie, among other models, some designs 
in box-wood, executed by Mr. Bewick, with direc- 
tions to mould from them, in the view of obtaining 
casts or copies in glass. The returns which I received 
to all those patterns completely answered my expecta- 
tions, as being at once as perfect as the originals/ 
From the success of this experiment, and from* what 
has been established in the way of making glass safely 
resist any degree of pressure, it will readily occur, that 
an improvement of considerable magnitude may depend 
upon a proper co-operation of the two arts of engraving 
upon box-wood or upon brass, and of moulding, with 
a view of obtaining such cuts or engravings in so dura** 
ble a substance asr glass. 

We shall resume this subject, under the head Glass« 
Making. 
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We shall introduce this article with some admirable mechanical invention, in order that those individuals 
observations on the progress of mechanical discovery, only may be induced to engage in it who possess the 
exemplified in an account of machines for cutting files, acquisitions and means to do it with some effect, 
by Mr. Wm. Nicholson. “ We will therefore suppose a very acute theorist, who 

. “ The folly and consequent distress of pursuing ex- is not himself a workman, nor in the habit of superin- 
periments in chemistry, for the sole purpose of com- tending the practical execution of machinery, to have 
mercial advantage, has been repeatedly observed, both conceived the notion of some new combination of the 
by public writers, and in private life. The obscurity mechanical powers to produce a determinate effect; 
which attends the processes of this art, the imperfec- and for the sake of perspicuity, let us take the example 
tions of theory, and the seductions of hope, have united of a machine to cut files. His first conception will be 
to lead men in pursuit of medicines of uncommon very simple or abstracted. He knows that the notches 
powers, and agents which should convert the cheaper in a file are cut with a chisel, driven by the blow of a 
metals into gold and silver. It is a subject of no woo- hammer, by a man whose hands are employed in ap- 
der, to those who have not suffered their mental habits plying these instruments, while his foot is exerted m 
to be vitiated by these seductive analogies, that difficul- holding the file on an anvil by means of a strap. Hence 
tjes and disappointment should attend the life of a man he concludes, that it must be a very easy operation to 
thus employed. But mechanics have, in general, been fix the chisel in a machine, and cause it to rise and 
more favourably regarded. A number of simple and fall by a lever, while a tilting hammer of the proper 
admirably useful effects are produced by the operation size and figure gives the blow. But, as his attention be- 
of machines. We daily see improvements produced by comes fixed, other demands arise, and the subject ex-, 
means easily understood. The mechanic, who endea- pands before him. The file must be supported upon a 
vours to strike into a new path, finds he can reason bed or mass of iron, of wood, of lead, or other mate- 
from what has beendone before him, and usually begins rial: it must be fixed either by screws, or wedges, or 
his work with a conviction that the results he is desirous weights, or some other effectual and ready contrivance: 
of obtaining will infallibly happen. Hence it is, that a and the file itself, or else the chisel, with its apparatus 
prodigious number of new schemes find their way into for striking, must be moved through equal determinate 
books, on which both the author and the reader set a spaces during the interval between stroke and stroke, 
high value, and of which the futility is discerned only which may be done either by a ratchet-wheel or other 
by a few practical men. Some of my readers have escapement, or by a screw. He must examine all 
supposed this source of information to be much more these objects, and his stock of means in detail ; fix upon 
productive than it really is. A very slight inquiry con- such methods as he conceives to be most deserving of 
cerning new machines and inventions, whether they preference ; combine, organize, and arrange the whole 
have been carried into effect, and whether they have in his mind ; for which purpose, solitude, darkness, 
superseded the old methods of operation, will immedi- and no small degree of mental effort, will be required, 
ately strike out of the list of valuable articles not less And when this process is considerably advanced, be 
than nine-tenths of the objects to which the public at- must have recourse to his drawing-board. Measured 
tention is solicited. And , if it be asserted, that the plans and sections- will then shew him many things which 
description of such abortive projects might be of use to his imagination before disregarded. New arrangements to 
afford hints to speculators, I must take the liberty to be made, and unforeseen difficulties to be overcome, 
observe, that it is a most serious thing to engage in a will infallibly present themselves. The first conception, 
new invention, and a no less serious duty in the editor or what the world calls the invention, required an infi- 
of a public work, to be well assured of the value of nitely small portion of the ability he must now exert, 
what he recommends or suffers to recommend itself to We will suppose, however, that he has completed his 
his readers. From views of this kind, it has appeared drawings. Still he possesses the form of a machine 
to me, that I should do some service to an active set of only ; but whether it shall answer his purpose, depends 
men, some of whom have effectually served this coun- on his knowledge of his materials. Stone, wood, brass, 
try, if I were concisely to point out the course of lead, iron foiged or cast, and steel in all its various mo- 
difications. 
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difications, are before him ; the general processes of 
the workshop, bj which firmness, truth, and accuracy, 
are alone to be obtained ; and those methods of treat- 
ment, chemical as well as mechanical, which the seve- 
ral articles demand : — these and numberless other prac- 
tical objects call for that skill and attention, which may 
either lead to success, or, by their deficiency, expose 
hi m to the ignorance or obstinacy of his workmen. If 
he should find his powers deficient under a prospect so 
arduous — if he cannot submit to the severe discipline of 
seeing his plans reversed, and his hopes repeatedly de- 
ferred — if unsuccessful experiment should produce an- 
guish without affording instruction, what will then 
remain for him to do? Will he embitter his life by 
directing his incessant efforts, his powers and resources, 
to a fascinating object, in which his difficulties daily 
increase ; or will he make that strong exertion of can- 
dour and fortitude, which will lead him to abandon it at 
once? . 

“ These are the inevitable stages of operation through 
which every inventor in mechanics must pass* To the 
mere habit of viewing objects in new lights, the habit 
which leads to the outline of invention, he must add the 
power of disposing his notions in the form of an indivi 
dual engine or instrument ; and he must himself become 
a workman, capable of discerning the means by which 
his ideas may become realized in the proper materials. 
It may perhaps seem as if I had selected an instance of 
difficulty, and indulged my imagination in a sketch of 
obstacles seldom likely to be met with. This, however, 
is far from being the case. Nothing seems more sim- 
ple and easy at first sight, than to make an engine to cut 
notches in a piece of steel ; and a very ingenious person, 
in the American Phil. Trans., has accordingly given an 
accurate design of an engine for that purpose, which no 
doubt he thinks must succeed^ But manufacturers well 
know the value of such an engine, and have long ago 
attempted to make it by that and various other methods 
without success. That engine in particular, promising 
as it appears, is utterly incapable of working, for seve- 
ral reasons, scarcely to be discovered but by practical 
men, but which cannot with sufficient brevity be here 
detailed. And with regard to general obstacles in the 
detail of inventions, I am so far from magnifying them, 
that I am warranted by much experience, as well on 
my own behalf, as that of others whose plans and ope- 
rations have come before me, to affirm, that no mecha- 
nical invention really new was ever brought to its com- 
plete or perfect state, at so small a charge as three 
times the cost of the finished engine, exclusive of the 
incalculable labour of the contriver/’ Phil. Joum. 4to. 

Many useful tools have been invented for performing 
mechanical operations, which consist of a number of 
wedges or teeth, which may be conceived to stand upon, 
or rise out of a flat or curved metallic surface. When 
these teeth are formed on the edge of a plate, the in- 
strument is called a saw, (see Sawing) ; but when 
they are formed upon a broad surface, it constitutes 
what is denominated a file. The comb-makers use a 


tool of this description, called a quonet, having coarse 
single teeth, to the number of about seven or eight to 
an inch. Fine tools of this description are called floats. 
When teeth are crossed, they are called files; and when, 
instead of the notches standing in a right line, a number 
of single teeth are raised all over the surface, it is called 
a rasp. Files are cut upon the surface with a sharp- 
edged chisel. In rasps, the tooth is raised with a tri- 
angular punch. The file is adapted for working metals, 
but the rasp is more fitted for wood, bone, and horn. 
Files are distinguished by being siilgle or double cut. 
The single cut file is simply cut once over, and is em- 
ployed for filing brass, and the softer metals. A second 
course of teeth is cut to form the double cut file, cross- 
ing the first diagonally. This kind is best suited to iron 
and steel. 

The steel employed for files requires to be very hard, 
and in consequence undergoes a longer process in the 
conversion (see Steel). It is said to be double con- 
verted. The very heavy files, such as smith’s rubbers, 
are made of the inferior marks of blistered steel : the 
more delicate kind, such as watch-makers’ files, being 
made of cast steel. The steel is previously drawn at 
the tilt, into rods of suitable size. The flat and the 

E e files are made wholly with the hammer, and the 
anvil. Two workmen, one called the maker and 
the other striker, are required in the forging of heavy 
files ; the smaller being forged by one person only. The 
anvil is provided with a groove, for the reception of 
bosses or dies, which are used for the purpose of foig- 
ing the half-round and three-angled files. The half- 
round boss contains a hollow which is the segment of a 
sphere, less than half a circle. That used for the tri- 
angular files has a hollow consisting of two sides, termi- 
nating in an angle at the bottom. In forging the half- 
round file, the steel is drawn out, as if intended to make 
a flat file. It is then laid in the die, and hammered, 
till the under side becomes round. The steel for the 
triangular file is tilted into square rods. The part to 
form the file is first drawn out with the hammer, as if 
intended to form a square file. It is then placed in the 
die with one of the angles dowuwards, and by striking 
upon the opposite angle, two sides of the square are 
formed into one, and consequently a three-sided figure 
produced. By successively presenting the different 
sides to die action of the hammer, the figure is rendered 
still more complete. In forming the tangs of most files, 
it is necessary to make the shoulders perfectly square and 
sharp. This is performed by cutting into the file a lit- 
tle on each side with a sharp instrument, and after- 
wards drawing out the part so marked off, to form the 
tang. After forging, and previous to being ground and 
cut, the files require to be annealed. This process is 
generally performed by piling up a great quantity toge- 
ther in a furnace for the purpose, and heating them ret) 
hot; suffering them afterwards to cool slowly. This 
method of annealing files, or indeed any other articles, 
in which great hardness is requisite, is very objection** 
able, since the surface of steel* when heated red-hot kfi 
4 R the 
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the open air, is so liable to oxidation, A superior 
thod of annealing is practised by some file-makers, and 
since hardness in a file is so essential a property, the 
process ought to be generally adopted.' This method 
consists in placing the files in an oven or trough, having 
a close cover, and filling up the interstices with sand. 
The fire is made to play on every side of the ves- 
sel, as gradually and as uniformly as possible, till the 
whole mass becomes red-hot. The fire is then discon- 
tinued, and the whole suffered to cool before tlie cover 
is removed from the trough. Another evil may how- 
ever arise from keeping steel red-hot even in a close 
vessel, for too great a length of time. It assumes a 
kind of crystallization, under which its tenacity is much 
impaired. Steel annealed in this way, is perfectly free 
from that scaly surface acquired in the open air ; and if 
each corticle be perfectly surrounded with the sand, and 
the cover not removed before the steel is cold, the sur- 
face will appear of a silvery white colour. If the steel 
be suspected to be too kind, from containing too little 
carbon, powdered charcoal may be employed instead of 
sand, or sand mixed with charcoal. In this case the 
files should be stratified alternately with the charcoal, 
in order that the extra-conversion may be uniform. 

The next thing is to prepare the files for cutting, by 
making the surface to contain the teeth as level as pos- 
sible. This was formerly effected by means of files, 
and the process is called striping. The same is still 
practised by the Lancashire file-makers, and by others 
not having convenience for grinding. The greatest 
quantity of files, however, are ground to prepare them 
for cutting. The stones employed for the purpose are of 
(he saud-stone kind, the texture of which is compact 
and sharp, but rather rough. They are of as great dia- 
tneter as can be used with convenience ; and about eight 
inches broad over the face. When used, the surface is 
kept immersed in water. The grinder sits in such a 
position as to lean over 'the stone, while its motion is 
directly from him. Its surface moves at about the same 
speed with those used in grinding cutlery. Since the 
bbject in grinding files is to make the surface as even and 
flat as possible, and as this' cannot be done so complete- 
ly upon a small stone, the stones of the file-grinder are 
laid aside when they are reduced to a certain size, and 
are employed for grinding other articles. Though 
grinding is by far the most expeditious method, it does 
not give that truth to the surface which can be effected 
by filing. If the price of the articles would admit, 
however, it would be well to render the surface more 
even by the file after grinding. If the surface be not 
flat, it is obvious, that when the file is used for filing a 
large surface, those teeth in the hollow parts of the file 
will not be brought into action. It is from attention to 
this circumstance, and to the care in annealing and har- 
dening, that the Lancashire file-makers have generally 
excelled. They are, however, confined chiefly to the 
small articles, since the laiger files would not pay for 
(he process of striping. The tools of the file-cutter 
consist of an anvil placed upon a block of such a height 


that the mam sits to his work* He has also a piece of 
lead alloyed with tm, ou which he lays the file* when 
one side is cut. The chisel and hammer are of such 
size as die size and cut of the file require. He is sIsq 
provided with a leathern strap, which goes over each sod 
of the file and passes round his feet, which are intro* 
duced into the strap on each side in the same manner m 
stirrups are used. The file-cutter, therefore, sits as if 
he were ou horseback, holding his chisel with one 
hand, his hammer in the other, at the same time bt 
secures the file in its place by the pressure of his feci 
in the stirrups. 

Great pains ought to be taken in preparing the edg* 
of the chiseL It is, in the first place, hardened and 
tempered by heating it gradually till it appears of a yel- 
lowish brown. It is next ground very true to form thf 
edge, which is afterwards finished upon a Turkey stone 
with oil. It is not required to be very sharp, . the bot- 
tom of the tooth requiring to be rather open, to preveot 
the file from clogging with the substance to be filed 
Hie edge is also required to be very smooth, in order 
that it may slip easily upon the surface of the files: this 
is also facilitated by slightly greasing the surface. From 
this advantage the worker, after making one tooth, is 
enabled by feeling only, to form at its proper data nos 
the succeeding tooth, by sliding the chisel dose up 
against the back of the preceding one. 

In* the double-cut files, the first set of teeth, which 
die workmen call up-cutting, are, previous to cutting 
the second course, filed slightly upon the face, in order 
to allow the chisel to slide freely. The single-cut file 
is more durable than the double-cut, and ought to be 
preferred for all purposes excepting for iron and 6 teel. 
The 9ame method is employed in cutting the rasp. The 
workman is, however, guidetLcompletely by his eye ia 
regulating the distance qf (be teeth from each other. 
The rasp ought to be cut in mch a manner that no ore 
of the teeth may stand opposite to another; this oof 
only allows the rasp to cut foster, but makes the surface 
either of wood or other substance much smoother. 

The operation of simple file-cutting seems to be of 
such easy performance that it has for almost two centu- 
ries been a sort of desideratum to construct a machine 
to perform that, which is not only done with great faci- 
lity by the hand, but with wonderful expedition. We 
are told that a lad not very much experienced iu the 
business will produce, with his hammer and chisel, 
nearly three hundred teeth in a minute. With respect 
to machineiy, it is said, that a Frenchman named Mar 
thurin Jousse, in a work entitled “ La fidelle Ouverture 
de FArt de Serrurier,” published at La Fleche, in Anr 
jou, so long ago as the year ] 627 , gives a drawing and 
description of one, in which the file is drawn along by 
shifts by means of wheel-work, and the blow is given 
by a hammer. There are several machines of this kind, 
or at least to effect the same purpose in the a Ma- 
chines Approuv 6 es par FAcademie Royale de Paris 
there 19 also one published in the second volume of the 
Transactions of the American Philosophical Society, of 

which 
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tohich' we shall give some account, at we shall of an- the judgment and choice of the engineer. The carr 
other for which Mr. William Nicholson obtained a pa- riage is a long block of wood, or metal/ of the figure of 
jtent in the year 1802 ; premising that the principal re- a parallelipidon, or nearly so, having a portion cut out 
pushes in a machine for file-cutting, are that the metal between its upper and lower surfaces to admit the anvQ 
from which it is manufactured should be steadily sup- to stand therein, without coming into contact with the 
ported, and the chisel adapted to the face without any carriage itself. The said carriage is made of such a 
unequal bearing. length that the excavation here described shall be consi- 

The American machine consists of a bench of well derably longer than the longest files inteuded to be cut; 
seasoned oak, and the face of it planed very smooth; and it is supported upon straight bearers from the plat- 
and a carriage on which the files are laid, winch moves form, upon which by projecting pieces, or slides, or 
along the free of the bench parallel to its sides, and wheels, or friction-rollers, it can be moved endwise in * 
carries the files gradually under the edge of the cutter or a straight lined direction, without shake or deviation, 
cffisel while the teeth are cut The carriage is made At one end of the said excavation is fixed a clip re- 
to move by a contrivance somewhat similar to that sembling an hand-vice for holding the tile by its tail or 
which carries the log against the saw of a saw-mill. The tang ; and in the opposite end of the said excavation 
lever or arm, which carries the cutter, works on the there is a sliding block or piece, which being brought up 
centres of two screw s which are fixed into two pillars to the other end of the file does, by means of a notch 
in a direction right across the bench. By tightening or or other obvious contrivance, prevent it from being 
loosening these screws, the arm which carries the chisel moved sideways. The said clip is so fixed at its head 
may be made to work more or less steady. There is or shank by means of an horizontal axis on gudgeons 
likewise a regulating-screw, by means of which the files and. sockets, that the file is at liberty to move up and 
may be made coarser or frier: also a bed of lead, down, but not sideways or a-twist. in this manner it is 
which is let into a cavity formed in die body of the car- that the file being fixed in the carriage is pressed down 
riage, eemewhat broader and longer than the largest- upon the anvil by a lever and weight proceeding from 
rixed files ; the upper face of this bed of lead is formed the platform, and bearing upon the face of the file by 
variously, so as to fit the different kinds of files which a small roller of wood, ivory, bone, or soft metal. Thp 
may be required. anvil is solidly fixed on the platform, and may be of any 

When the file or files are laid in their place, the ma- suitable figure which shall be sufficiently massy to re- 
chine must be regolated by the screw to cut them of a i ceive and resist the blow ; but its upper part must be so 
doe degree oi fineness. This machine is described as j contracted as to stand up in the excavation of the car- 1 
being so simple, that when properly adjusted a blind per- riage and support the file; and the upper part of all must 
son may cut a file with more exactness than can be done in be constructed in such a manner that it shall fairly ap- 
the usual method with the keenest sight ; for by striking ply itself to the under surface of the file, and support it 
with a hammer on the head of the cutter or chisel al without leaving any hollow space, notwithstanding any 
die movements are set at work ; and by repeating the casual irregularities of the said surface. I produce this 
stroke with the hammer,' the files on one aide will at effect by making a cavity in the anvil of the figure of q 
length be cut ; thefi they must be turned, and the ope- portion of a sphere, not much less than an hemisphere, 
ration repeated for cutting the other side. This ma- and m this cavity I place (with grease between) a piece 
chihe may be made to work by water as readily as by of iron or steel made exactly to fit, but of which the 
hand, to cut coarse or fine, large or small files, or any lower surface is a greater portion of the sphere, and ’ 
number at a time: but it may be more particularly use- the upper surface flat and plain. The file rests upon 
fid for cutting the very fine small files for watchmakers. this last flat or plain surface, which is either faced with 
We shall now give an account of the machine, for lead, or (in preference) a slip of jead is put under the 
which Mr. Nicholson obtained His Majesty’s letters file and turned round the tang thereof, so as to move 
patent. along with it. it is evident that the upper or moveable 

“ My machinery,” says the patentee, “ consists in piece of the said anvil will, by sliding in its socket, ac* 
four essential parts, suhably constructed and combined commodate and apply itself constantly to the surface * 
together ; namely, First, a carriage or apparatus, in or of the file, which is pressed and struck against it. Or, * . 
by which the file is fixed or held and moved along, for otherwise, I make the concavity in the upper moveable 
the purpose of receiving the successive strokes of a cut- piece, and make the fixed part convex : or, otherwise, 
ter or chisel. Secondly, the anvil, by which the file is I support the upper part, or in some cases the whole of 
supported beneath the part which receives the stroke, my anvil upon opposite gudgeons, in the manner of the. 
Thirdly, the regulating gear, by which the distance gimbals of sea compasses : or, otherwise, I form the 
between stroke and stroke is determined and governed, upper part of my anvil cylindrical, of a large diameter. 

And, fourthly, the apparatus for giving the stroke or supported pn thick gudgeons, the axis of the said cy tin- 
cat. The four several parts are supported by, or at- der being short, and at right angles to the motion of 
tached to a frame or platform of solid and secure work- the carriage : or, otherwise, I form only a small por- 
manship, either of wood or metal, or both, according tion, namely, the upper extremity of my anvil of a cy- 
to the nature of the work intended to be performed, and lindrical form as aforesaid, and cause the same * to con- 
tinue 
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tin ue motionless bj fashioning the same out of the same 
mass as the rest of the anvil, or fixing the same thereto. 
And in both the last-mentioned eases of the cylindrical 
structure I fix the head or shank of the clip (by which 
the tang is held), not by a single axis or pair of gud- 
geons, but by an universal joint or ball and socket, so 
that the file becomes at liberty to adapt itself not only 
upwards and downwards, but also in the way of rotation 
or a-twist, and supplies the want of motion in the anvil 
by the facility with which itself can be moved in the last- 
mentioned manner. 

“ The regulating-gear is that part of the machinery by 
which the carriage, and consequently the file is drawn 
along. It consists of a screw revolving between centres 
fixed to the platform, and acting upon a nut attached to 
the carriage with usual and well known precautions for 
working of measuring screws ; and the nut being made 
to open by a joint when the carriage is required to be 
disengaged and slided back. And the said screw is 
moved either constantly by a slow motion from the first 
mover, or (which is better) by interrupted equal motions, 
so as to draw the carriage during the interval between 
Stroke and stroke. And the quantities of those respec- 
tive equal motions may be produced and governed at 
pleasure by wheel-work applied to the head of the 
screw, or by the well known apparatus used in the ma- 
thematical dividing engine for circles; or by various 
other contrivances well known to workmen of competent 
skill, and therefore unnecessary to be described at latge: 
or, otherwise, the motion of the carriage may be pro- 
duced by a toothed rack from the carriage drawn by a 
pinion ; and this pinion moved by a ratchet-wheel on the 
same arbor moved by a click-lever, which shall gather 
up and drive a greater or less number of teeth, accord- 
ing to the coarseness or fiueness of the file; and the click? 
lever itself may be moved by a tripping piece from the first 
mover, or by various other evident means of connexion : 
or, otherwise, the said carriage may be moved by a 
small cylinder, and rope or chain constantly acting : or, 
otherwise, the said motion may be effected by a train of 
two or more wheels, suffered to move by any of the 
escapements used in time-pieces, and the fineness of 
stroke may be regulated either by changing the wheels 
as in the common fuzee engine, or by the greater or 
less frequency of escape during each turn of the first 
mover. And in every case I prefer a counter- weight to 
the carriage, acting either constantly against, or con- 
stantly in the direction of its motion ; though this is not 
absolutely necessary when the work is well executed. I 
may also observe, that it is possible to construct my 
*aid machinery by fixing and rendering motionless that 
pan which I have called the carriage, provided the 
other three principal parts be made to move instead of 
die carriage itself ; but I consider this disposition as less 
eligible than that which requires the carriage to be 
moved. - The apparatus for giving the stroke or cut, 
Consists of a chisel, which is held between the jaws of 
a mouth-piece or claws resembling a strong hand-vice 
without teeth. One of the jaws is made very stout, 

‘ !l 


and the chisel is formed narrow from edge to back,- and 
wide from side to side, and has a semi-circular protu- 
berance on its back, which rests in a circular notch in 
the strong jaw aforesaid; and there are two or three 
bended flat rings or washers of iron or metal under the 
thumb-screw of the said mouth-piece or claws, which 
prevent the chisel from becoming loose by the stroke: 
or, otherwise, the said chisel may have a notch, or a 
hole, instead of a protuberance, to meet a correspond- 
ent part in the mouth-piece or claws ; but I prefer the 
first-mentioned construction. By the construction of 
the chisel as here mentioned and fixed, the edge of the 
said instrument is at liberty to apply itself fairly from side 
to side of the file notwithstanding any winding or irregu- 
larity, whatever may be the fineness of the cut upon a 
broad surface. The* mouth-piece, with its chisel, k 
firmly fixed in another piece, which by its motion gives 
the stroke. This last-mentioned piece may either be a 
lever or a moveable carriage between upright sliders; 
but I greatly prefer the lever. The chisel must be so 
fixed that the moving piece shall carry it fairly edge- 
on wards to the file without scraping or slapping in die 
least; and the obliquity of the stroke may be adjusted 
by fixing the centres of the level either higher or lower 
at pleasure, or by inclining the last-mentioned sliders. 
The lever may be raised and let fall (or the other chi- 
sel apparatus moved) by a tripping-piece or snail-work, 
or other usual connexion with the first mover; and its 
power of stroke may be increased by the addition of a 
weight, or by the action of a spring; which last method 
is of excellent use, and may (if required from the vary- 
ing breadth of the file) be made to increase or diminish 
its power during the run by several easy and commonly 
used methods or contrivances for pressing more or less 
against the spring. Or, otherwise, the lever, or hold- 
ing-piece, may be kept immediately above the file by 
the re-action of a slight spring, or weight, and be 
struck by an hammer moved and acted upon by the 
first mover, as aforesaid: and to this method I give the 
preference, because the lever will then have less strain 
upon its pivots ; or, the said lever may even be sup- 
ported by spring-joints without any. pivots or centres at 
all. Or, instead- of a hammer, the blow may be given 
by a ram, or a fly and screw, but I give the preference 
to the hammer. The lever may move in a vertical 
circle immediately over the file, or in an oblique circle 
at right angles to it, or at any intermediate angle consist- 
ent with the foregoing instructions : and the chisel may 
be set with its edge at auy angle whatever, with the line 
of the length of the lever ; but, in general, I have set 
the lever in the first-mentioned position, and have va- 
ried the angle between the chisel-edge and the lever, 
according to the intended slope of the cut upon the face 
of the file. The edge of the chisel must be sharpened 
to such an angle as the intended cut and strength of 
burr may require. Lastly, I describe the general action 
of the said machineiy as follows: 1. The file being pre- 
pared as usual for cutting, 'must be fixed iu the clip of 
the carriage, and the sliding-block brought up and fixed, 

to 
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to steady its other extremity. v 2. The nut of the screw 
being then opened (or the other regulating gear disen- 
gaged,) the carriage is slided to its place, so that the 
chisel may be situated over that part of the file which 
is to receive the first stroke. 3. The nut is then closed 
(or the other regulating gear connected) and the small 
roller of the pressing lever is made to bear upon the 
face of the file. 4. The first mover being then put 
into action, raises and lets fall the apparatus for giving 
the stroke by which the file receives a cut. And, 5, 
immediately afterwards, or during the same action, as 
the case may be, (according to the construction as 
before described,) the regulating gear moves the car- 
riage, and consequently the file, through a determinate 
space. 6. The cut is then again given ; and in this 
manner (the strength of cut being duly proportioned to 
the space between cut and cut,) the file becomes cut 
throughout. 7- The file is then taken out and cut on 
the other side. 8. The burr is then taken off, or not, 
as the artist may think best ; and the cross-strokes are 
given over the surfaces as Wore. And the said ma- 
chinery, by certain slight, necessary, and obvious 
changes in the structure and disposition of the chisels, 
and some other of the parts thereof, is adapted to ma- 
nufacture all other forms and descriptions of files, whe- 
ther floats, rasps, half-round, three-square, or any 
Other figure or denomination. 

Three things are strictly to be observed in har- 
dening files ; first, to prepare the file on the surface, so 
as to prevent it from being oxydated by the atmosphere, 
when the file is red hot, which effect would not only take 
off the sharpness of the tooth, but render the whole 
surface so rough, that the file would, in a little time, 
become clogged with the substance it had to work. Se- 
condly, the heat ought to be very uniformly red through- 
out, and the water in which it k quenched fresh and 
cold, for the purpose of giving it the proper degree of 
hardness. Lastly, the manner of immersion is of great 
importance, to prevent the files from warping, which in 
long thin files is veiy difficult. The first object is ac- 
complished by laying a substance upon the surface, 
which, when it fuses, forms as it were a varnish upon 
it, defending the metal from the action of the oxy- 
gen of the air. Formerly the process consisted in 
first coating the surface of the. file with ale-grounds, and 
then covering it over with pulverised common salt. Af- 
ter this coating becomes diy, the files are heated red- 
hot, and hardened; afterwards, the surface is lightly 
brushed over with the dust of cokes, when it appears 
white and metallic, as if it had not been heated. This 
process has lately been improved, at least so far as re- 
lates to the economy of the salt, which, from the quantity 
used, and the increase of duty, had become a serious 
object. Those. who use the improved method are now 
consuming about one-fourth the quantity of salt used in 
the old method. The process consists in dissolving the 
salt in water to saturation, which is about three pounds 
to the gallon, and stiffening it with ale-grounds, or with 
the cheapest kind of flour, such as that of beans, to 


about the consistence of thick cream. The files only 
require to be dipped into this substance, and immedi- 
ately heated and hardened. The grounds or the flour 
are of no other use than to give the mass consistence, 
and by that means, allowing a larger quantity of salt to 
be laid upon the surface. In this method, the salt 
forms immediately a firm coating. As soon as the water 
is evaporated, the whole of it becomes fused upon the 
file. In the old method, the dry salt was so loosely 
attached to the file, that the greatest part of it was 
rubbed off into the fire, and was sublimed up the chim- 
ney, without producing any effect. Some file-makers 
are in the habit of using the coal of burnt leather, which 
doubtless produces some effect ; , but the carbon is ge- 
nerally so ill prepared for the purpose, and the time of 
its operation so short, as to render the effect very little. 
Animal carbon, when properly prepared and mixed with 
the above hardening composition, is capable of giving 
hardness to the surface even of an iron file. The car- 
bonaceous matter may be readily obtained from any of 
the soft parts of animals, or from blood. For this pur- 
pose, however, the refuse of shoe-makers and curriers 
is the most convenient. After the volatile parts hav* 
been distilled over, from an iron still, a bright shining 
coal is left behind, which, when reduced to powder, k 
fit to mix with the salt. Let about equal parts, by 
bqlk, of this powder, and muriate of soda, be mixed 
together, and brought to the consktence of cream, by 
the addition of water. Or mix the powdered carbon 
with a saturated solution of the salt, till it become of 
the above consistence. Files which are intended to bo 
very hard, should be covered with this composition, 
previously to hardening. By this method, files made of 
iron, which in itself k insusceptible of hardening, ac- 
quires a, superficial hardness sufficient to answer the 
purposes of any file whatever. Files of thk kind may 
be bent into any form, and in consequence are rendered 
useful for sculptors and die-sinkers. 

The mode of heating the file for hardening, k by 
means of a fire similar to that employed by common 
smiths. The file is to be held in a pair of tongs by the 
tang or tail, and introduced into the fire, conskting of 
very smajl cokes, pushing it more or less into the fire, 
for the sake of heating it regularly. When it k uni- 
formly heated of a cherry colour^it is fit to quench in 
the water. An oven k commonly used for the laiger 
kind of files, into which the blast of the bellow's is di- 
rected, being open at one end for the purpose of intro- 
ducing the files and the fuel. After the file k properly 
heated, for the purpose of hardening, it should be 
cooled as quickly as possible ; thk is usually done by 
quenching it in the coldest water. Clear spring water, 
free from animal and vegetable matter, k best calcula- 
ted for the hardening files. 

When files are properly hardened, they are brushed 
over with water and powdered coke, when the surface 
becomes clean and metallic. They may likewise be 
dipped into lime-water, and dried before the fire as ra- 
pidly as possible, after which they should be rubbed 
4 S over 
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over with olive oil, in which m mixed a little dH of 
turpentine while warm, and then they are finished. 

In the operations of filing, the coarser cut files are 
always to be succeeded by the finer ; and the general 
rule is, to lean heavy on the file in thrusting it forward, 
because the teeth of the file are made to cut forwards. 
But in drawing the file back again for a second stroke, 
it is to be lifted just above the work, to prevent it* cut- 


ting as it comes back. The rough or coarse-tootbed 
file, called a rubber , serves to take off the unevenness of 
the work, left by the hammer in forging. The bastard- 
toothed file, as it is technically called, is to take out 
too deep cuts and file-strokes made by the rough file. 
The fine-toothed files take out the cuts or file-strokes 
which the bastard file made, and the smooth file those 
left by the fine file. 


" 1 1 
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FOUNDING. 


The art of founding in metal, or casting it, now 
occupies a space m our wants which entitles it to con- 
siderable attention. If the Greeks, and after them the 
Romans, perfected it in as for as refers to casting in 
brass and bronze, we have extended it more than they 
did, inasmuch as we have turned it to all the great fea- 
tures of general utility. Iron constitutes the grand 
staple in modem founding. The great abundance 
of this metal, with its consequent cheapness, together 
with the developements of chemistry, has, amongst us, 
opened to it a field, and created for it a demand, by 
which its operations may go on ad infinitum, and it is 
hoped with a success commensurate. 

Founding is as multiplied as there are metals suscep- 
tible of fusion by elevation of temperature; and as all 
those that are at present known are in some way or 
other so, it follows that all may be founded. In addi- 
tion to which, it has now been shewn, that the earths 
(always considered as elements by the ancients) are 1 
metals, deprived only of their distinguishing character- ! 
istics by their excessive affinity to oxygen. Sir H. | 
Davy, to whom these discoveries were left to be ] 
achieved, has demonstrated the fact, and numerous me- 
tals, or, as he has teamed them, metaloids, have been ; 
added to the nomenclature of those previously known. 
How for his discoveries may be extended, it is impossi- 
ble to conjecture: he has shewn that the calcareous 
earths, as well as potash and soda, are susceptible, by 
being exposed to high degrees of temperature, of 
changing their form, and flowing like melted silver, 
possessing all the distinguishing characteristics by which 
we determine a metallic substance. The French che- 
mists have repeated his experiments, and confirmed his 
discoveries, from which a new epoch in science has 
.ariseu. # 


* See Sir H. Davy’s Papers, Philosophical Transactions, 1809, 

10 , 11 . 


Founding will be divided into its various and distinct 
branches, and will include founding in brass and 
bronze, iron in all its multiplied ways, at so bell and 
type founding, with some observations on casting in 
the precious metals. 

Brass is a compound of copper and zinc, but from 
the excessive volatility of the latter, it is difficult to as- 
certain the precise proportion it contains of each ; bat 
they become, by being fused together, a homogeneous 
malleable yellow metal, of great utility in supplying the 
medium to a beautiful and extensive manufacture of 
Works in brass, required in our domestic economy, as 
well as a very important part in the arts, in which it is 
also employed in the founding of statues, flic. Sic. 

Founders in brass require an exact model, in wood 
or otherwise, of the article to be founded ; and this is 
most frequently required to be in two parts, exactly 
joined together, and fitted by small pins, and the cast- 
ing, in feuch a case, is performed by two operations, that 
is, one half at one time and one half at another, and m 
manner following, viz. The founder provides himself 
with a yellowish sharp sand, which is required to be well 
washed, to free it of all earthy and other partides. 
This sand is prepared for use by a process called tewing, 
which consists in working up the sand in a moist state, 
over a board about one foot square, which is placed 
over a box to receive what may foil over in the tewing. A 
roller about 2 feet long and 2 inches in diameter is em- 
ployed in rolling the sand about until it is brought into 
that state which i? deemed proper for its business : a 
long-bladed knife is also required to cut it in pieces. 
With the roller and the knife the tewing is finished for 
use, by being alternately rolled and cut. When the 
sand is so far prepared, the moulder provides himself 
with a table or board, which in size must be regulated 
by the castings about to be performed on it. The 
edges of the table or board are surrounded by a ledge, 
in order to support the tewed stuff ; the table so pre- 
viously 


Digitized by <^o ?le 



FOUNDING. 


84 S 


viously 'prepared iff filled up with the sahd a* high as the 
Jtop of the ledge, which is in a moderately moistened 
state, and which must be pressed closely down upon the 
table in every part. When the operation has s* far ad- 
vanced, the models must be all examined, to see that 
they are in a state to come nicely out of the mould, and 
if not found so, they must be cleaned or altered till the 
founder is satisfied with them. All models requirethe 
greatest accuracy in their making, or it will be vain to 
suppose any thing good can be performed by the founder. 
When the models are found to be in a state to be 
founded, one half, generally longitudinally, is taken 
first, and this is applied on the mould, and pressed 
down into the tewed stuff or sand, so as to leave its 
form completely indented in it, and which must be very 
carefully looked to and examined minutely, to see that 
there are no small boles, as every part in the indented 
sand must be a perfect cameo of the models submitted 
and pressed into it. If it should not be found perfect, 
new sand must be added, and the model re-indented and 
pressed into it, till it leaves its impression in a state pro- 
per to receive the metal. In the same manner, other 
models intended to be founded on the same table, must 
be prepared and indented into the sand. When die ta- 
ble it completely ready for the metal, it is carried away 
to the melter, who himself examines its state, and also 
the cameos, and who lays along the middle of the 
mould the half of a small wire of brass, which be 
presses into the sand, so as to form a small channel for 
the melted brass to flow in, and which he terms the 
master-jet or canal. It is so disposed. as to meet the 
ledge on one side, and far enough to reach the last pat- 
tern on the other ; from this is made several lesser jets 
or branches, extending themselves to each pattern on 
the table, and by which means the fluid metal is con- 
veyed to all the different indented impressions required 
to be cast on the table. When the work is so far for- 
warded, it is deemed ready for the foundry ; but pre- 
viously to which, the whole is sprinkled over with mill- 
dust, and when it is so sprinkled, the table is placed in 
an oven of moderate temperature till it gets dry, or in a 
state which is deemed proper to receive the melted 
brass. The first table being thus far completed, it is 
either turned upside down and the moulds or patterns 
taken out, or die moulder begins to prepare another 
table exactly similar to the one he has just completed, 
in which he indents and presses the other half of the 
mould, or he turns the table already finished and con- 
taining the first half of the patterns upside down ; pre- 
viously, however, to doing which, it will be necessary 
for him to loosen the pattern which is fixed in the sand 
a litde all round, with any small instrument that will 
just open away the sand from its edges, in order to its 
coming from out of the table move easily. This eco- 
nomy m founding, of making one half of each pattern 
to be cast answer the purpose of the whole pattern, is 
a very common practice in brass founding, and enables 
the- manufacturer to sell his goods at a much cheaper 
rale than he would otherwise be enabled to do, if he 


was obliged to have a full pattern of all goods to be 
founded. When he has loosened the sand from about 
the pattern, aud taken it out of the first table, (he work 
is proceeded in, of preparing the counterpart or other 
half of the mould with the same pattern, or otherwise, 
and in a frame exactly corresponding with the former, 
excepting only that it is prepared with small pins, to 
enter holes which are made in the first half of tne mo- 
del, and into which the pins enter, and secure the two 
halves together. It is obvious, that the accuracy in 
the joining will depend wholly upon the neatness and 
truth of fixing and boring for the pins. When the table 
containing the counterpart is finished, the patterns are 
all properly indented iu the sand, which is done as has 
been before described for the first table, and when 
completed, it is carried away to the melter, who, after 
enlarging the principal jet of the counterpart, and 
making the cross jets to the various patterns, and sprink- 
ling them as before with mill-dust : it is then set in the 
oven till it has received a sufficient drying to be ready 
for the melted metal ; after which, and when both parts 
of the model are deemed sufficiently dry, they are joined 
together by means of the pins and holes, previously pre- 
pared in the upper and under model : and to prevent 
their rising up or slipping aside by the force of the 
melted brass, which is to come in, flaming with heat, and 
through a small hole contrived in the principal or master 
jet, the precaution is taken of locking the two tables 
down in a kind of press made with screws ; or, if the 
mould be too large to admit of being screwed easily, 
wedges are had recourse to, to fix the tables together, 
to prevent accidents. The moulds thus fixed m the 
press, or wedged, are placed uear the furnace, and 
every arrangement is made for it to receive the melted 
brass as it comes out of the crucible. 

All being so far arranged, and the moulds ready, the 
metal is prepared, by being heated to a complete fusion 
in an earthen crucible, commonly about 10 inches high 
and 4 inches in diameter. The furnace for promoting 
the fusion of the brass is similar to a smith’s forge, 
having bellows of large dimensions operated upon by a 
lever, as well as a chimney over the furnace for the 
smoke to escape through. The hearth of the furnace is 
of masonry or brick- work, secured by an outer rim of 
iron, in the centre of which is the fire-place, and which 
consists in making a void or cavity, from 12 to 18 
inches square, and reaching quite down to the bottom or 
floor of the foundry. The void or cavity is divided into 
two parts by an iron grating, on the upper side of which is 
placed the fuel, and in the midst of it the crucible con- 
taining the metal ; the lower part of the cavity is ap- 
propriated to admit the air to the fire, and also to 
receive the waste or cinders falling from the fire. The 
fuel consists of dry beechen wood cut into small billets, 
and previously baked, to make them more readily com- 
bustible, and which are, when a fire is required, put 
into the cavity in the hearth, and well lighted. The 
crucible, when full of brass, should be placed down m 
the centre of the fire, so that it may play all round it, 
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and it should be covered with an earthen cover, or tile, 
to promote the heat of the fire upon the metal. All 
the time the metal is preparing, the attendant keeps 
blowing up the fire ; and in order to keep the heat from 
escaping through the chimney, or in flame, a piece of 
tile is placed over the fire and aperture of the furnace. 
As the heat operates in melting the metal, it sinks nearer 
to the bottom of the crucible, when fresh metal is added 
till the crucible is quite full. The brass is previously 
prepared for melting, by being broken into small frag- 
ments in a mortar, and when sufficiently beaten and 
broken for use, it is put into the crucible by an iron 
ladle, which has a long hollow arm or shank of small 
diameter, but sufficiently large to admit the fragments 
pf metal rolling through it into the crucible, into which 
the fresh brass is dropped from out of the cylindrical 
arm of the iron ladle. As the crucible is filled with 
xnetal, preparation must be made, when it is deemed 
ready to be removed, for the purpose of running it into 
the moulds, to remove it easily from out of the fire, 
which is done by a pair of iron tongs with their feet 
bent inwards. The crucible is taken hold of by these 
tongs, and carried away to the mould, into which the 
melted brass is poured, through the aperture communi- 
cating to the master-jet of each mould; the metal is 
carried round to each jet, and the metal poured in till 
the crucible is emptied, or the moulds filled. It is 
usual to fuse rather more brass than is required for the 
casting ; as by having too little, the work could not be 
at that time finished, which would occasion delays in 
Opening the tables. 

As soon as the moulds are run, water is sprinkled 
over the tables, to cool and fix the metal ; after which 
the presses or wedges are removed from the frames, 
and the works just founded are removed out of the sand, 
to be cleaned and finished for sale. The tewing-stuff or 
sand is afterwards taken out of the frames to be worked 
up again for another casting. The sand, by a repetition 
of use, becomes quite black, by reason of the charcoal 
that it collects from the foundry ; but its blackness does 
not render it unfit to be employed in other tables for 
moulding or casting- 

Ip foundings of brass in which the models are large, 
an expedient is had recourse to, of rendering them 
lighter and more economical, by performing the casting 
hollow. This is done by making a core or heart, 
roughly resembling the pattern, and composed of clay 
and white crucible dust well kneaded and mixed toge- 
ther with water, and which is covered with wax, ex- 
actly representing the article to be cast ; or the core 
may be suspended in the centre of the indents made in 
the sand. When the article is required to have but one 
perfect side, as is common in most Cabinet articles, the 
melted metal, in such a case, is prevented from filling 
the indent by the space occupied by the core, and it 
will be in thickness corresponding to the size which the 
heart or core takes up, in proportion to the size of the 
Work to be founded. In the former case, when the 
article is to have both or all round of a full pattern. 


wax is employed, and is so adjusted to the core, that 
the metal may, in passing the jet, displace it, and leave 
its resemblance, and also its thickness, of brass, in the 
indent in the table. If it be a pattern of a complicated 
form, there would arise a difficulty in getting the core 
out after it was founded. The pattern must then be 
performed or moulded in two separate ones, and also 
the foundings ; the part left out of the first pattern must 
be performed in a second ; and afterwards fitted and 
soldered to the first. This mode is common at Bir- 
mingham, in making handles for locks, and shatter 
fastenings, which are commonly round. The plain 
knobs, for locks, &c., are made in halves and soldered 
together : the wrought ones, as they are called, (from 
being ornamented) are cast with a solid shank and 
spindle, and the bell or handle part of the knob is hol- 
low, and open at its opposite end, which is afterwards 
supplied bya separate piece or cap. The cores of many 
of these Birmingham brass-works are made to occupy 
so much of the pattern, that the brass is not thicker 
than a shilling. , 

Many of the brass-manufacturers who work on a 
large scale, employ a steam-engine to punch many of 
the articles from sheet metal, from dies previously 
formed. By this operation almost all the common 
brass goods, (such as hand-plates to doors, roses to 
door and cabinet furniture, and many light goods) are 
made. The punched goods are very cheap, but of 
very little strength or durability, as may be noticed in 
many of the brass articles employed in our domestic 
economy. Brass mouldings, plain or wrought, are 
generally cast solid, and in moderate lengths ; a pattern 
in wood, clay, or wax, is required, and the only pre- 
cautions previously to founding them are, that they be 
carefully indented in the sand-table. If die inouldidgs 
be large and much carved, a core may be used for dim 
also, taking care to leave the metal sufficiently thick to 
allow of finishing up afterwards, without injuring the 
effect of the pattern. 

All brass, as well as other foundings, require, when 
taken out of the sand, to be cleaned up and made com- 
plete ; as they seldom come out exactly perfect This 
is doue in brass-founding, by filing off £be cores, and 
filling up the small holes with melted metal or solder: 
These imperfections frequently occur by air-bubMes, 
which are generated by the heat of the metal. Some 
brass-works are cast to a rough pattern, for instance, 
all those which are cylindrical in shape ; and such kind 
of goods are put into a lathe and turned, aud smoothed 
up afterwards (See our article Turning). Articles in 
brass which are sculptured, are generally left in a mat- 
state on their grounds, and the raised parts burnished 
up by hand; the mat-state refers to such parts only 
which are left without polish, or in a state in which the 
brass is found when it first comes out of the sand, with 
the addition of cleaning and perfecting only. 

The burnishing consists in making the raised parti 
quite complete, and afterwards laying them down tight 
upon a bench, or in a vice, whichever is most conve- 
nient ; 
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nient ; and working up the face of the brass with a bent 
tool composed of a shaft of steel, about half an inch 
wide and eight or nine inches in length, fixed firmly in 
an handle of wood. The end of the tool is turned up 
about a quarter of an inch, and grouud away on its 
inner edge. With this tool the workmen rub the part 
to be heightened^ as it is termed. They have these 
heightening tools of various widths, some one-eighth of 
an inch wide only, and others as much as three-quarters 
of an inch. With such tools they operate upon all the 
various sized parts to be heightened ; and as the part is 
thus rubbed, the workman dijps his tool in a lacquer, 
wltich is standing near him m an earthen-ware dish; 
This lacquer is commonly prepared from turmeric dis- 
solved in spirits of wine, and which will be afterwards 
explained under the head of lacquering. 

Chasing, or enchasing as it is called, is also em- 
ployed to brass works. It is asimilar operation to height- 
ening, except that it is employed in the more delicate 
works of sculpture to give them greater sharpness and 
effect. The French excel in chasing, as their nume- 
rous small ornaments used as decorations to chimney- 
pieces, time-pieces, vases, &c. &c., fully demonstrate; 
many of which are in brass as well as in d’or molu. N 

Brass castings which are plain are cleaned up for sale 
by being filed smooth or turned so by the turner, and 
afterwards polished by being rubbed with emery till the 
surface becomes regular and tolerably even, after which 
they are finished with tripoli. To keep brass works 
from tarnishing and getting black by exposure to the 
air, the brass-workers have recourse to lacquering. Lac- 
quering consists in covering the brass, moderately heated 
over a stove containing an open charcoal fire, with a 
liquid, also moderately warm, composed of saffron and 
Spanish annbtta, each two drams put into a bottle with a 
pint of highly rectified spirits of wine, which when to- 
gether should be placed in a moderate heat and often 
shaken, from this a very strong tincture will be obtained, 
which must be afterwards strained through a coarse 
linen cloth to take out the dregs of the annotla and saf- 
fron ; it is then to be returned to the bottle, and three 
ounces of seed-lac powdered must be added to it, and 
the whole again heated till the seed-lac be completely 
dissolved ; after which, it is fit for use, and will form a 
good and palercoloured lacquer, which will prevent the 
brass from changing colour by exposure to the air. - It 
is laid on the brass by a camel’s-hair pencil as thin as it 
can. be spread, and requires nothing to be done to it 
after it is so spread but a moderate rubbing. If the 
brass be required to be of a redder colour, increase 
the proportion of annotta in the lacquer, and it will 
be accomplished. All the best kind of brass-works are 
gilt to prevent their changing colour, and this consti- 
tutes the desideratum in the works in d’or molu. 

The more important part of casting in brass consists 
in founding statues, busts, basso-relievos, vases; &c. 
The Greeks and Romans practised it to an immense 
extent, as may be seen from the vast number of statues 
and other works wWh have come down to us of 


both these people. The Greeks also formed most of 
their instruments of brass, which we make of iron and 
steel. Homer describes most of the arms in his poems, 
offensive and defensive, as brazen. He calls the Greeks 
by the general epithet of brass-coated, and Seldom men- 
tions steel. In Herculaneum, Pompeia, Stabea, &c. 
were found many arms and instruments formed of brass 
or bronze^ while very few of iron were discovered. 
Those of brass were adapted to the purposes of agri- 
culture, mechanics, mathematics, architecture, &c. 
In Pompeia was found a complete set of surgeons’ in- 
struments formed of bronze, which shews that a prefer- 
ence was given to that metal. 

In the founding of statues, busts, &c., three dungs 
in particular require attention : namely, the mould; 
the wax, and shell or coat, the inner mould or. core, 
so called from being in die middle or heart of the 
statue. In preparing the core the moulder is required 
to give it the attitude and contour of the figure intended 
to be founded. The use of the core is to support the 
wax and shell, to lessen the weight and save the metal. 
The core is made and raised on an iron grate sufficiently 
strong to sustain it, and it is farther strengthened by 
bars or ribs of iron. The core is made of strong 
potterVclay tempered with water, and mixed up with 
ii&ria-4iMig and hair, all kneaded and incorporated to- 
gether ; with this it is modelled and fashioned previously 
to the sculptors laying over it the wax ; some moulders 
use plaster of Paris and sifted brick-dust mixed toge- 
ther with water for their cores. The iron bars which 
support the core are so adjusted that they can.be taken 
from out of the figure after it is founded, and the holes 
are restored by solder, 8cc. ; but it is necessary in full 
sized figures to leave some of the iron bars affixed , to the 
core to steady its projecting parts. After the core is 
finished and got tolerably firm and dry, the operation 
of laying on the waxen covering to represent the figure is 
performed, which must be all done, wrought and fashioned 
by the sculptor himself, and by him adjusted to the core. 
Some sculptors work the wax separately, and after- 
wards dispose and arrange it on the ribs of iron, filling 
up the void spaces in the middle afterwards with liquid 
plaster and brick-dust, by which plan tbe core is 
made as, or in proportion to, the sculptor’s progress 
in working the wax-model. Care must be taken, how- 
ever, iu modelling the wax in both cases to make it of 
an uniform substance, in order to the metal being so 
in the work, of which the wax is its previous representa- 
tive. When the waxen model is finished to the core, or 
adapted and filled afterwards, small tubes of wax are 
fixed perpendicularly to it from top to bottom, to serve 
not only as jets to convey the melted metal to all parts 
of the work, but as vent-holes to allow a passage to the , 
air generated by the heated brass in flowing into 
the mould, and which if not admitted readily to 
escape would occasion so much disorder in it as 
would much injure tbe beauty of the work. Sculptors 
adjust the weight of the metal required in this kind of 
founding by the wax taken up in the model. One 
4 T pound 
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pound of wax so employed will require ten pounds of 
metal to occupy its space in the casting. The work 
having advanced in progress so far will now require 
covering with a shell This consists of a kind of 
coat or crust laid over the wax, which being of a soft 
nature easily takes and preserves the impression which 
it afterwards communicates to the metal upon its occu- 
pying die place of the wax, which is between the shell 
and core. The shell is composed of clay and white 
crucible dust well ground, screened, and mixed up with 
water to the consistence of paint, like which it is used. 
The moulder applies it by laying it over the wax with a 
camelVhair or other soft pencil, which will require 
eight or nine times going over, allowing it time to dry 
between each successive coat After this coating is 
firm upon the wax, and which is used only to protect 
it from those which are to follow, the second part or 
coating is made up of common earth mixed with horse- 
dung i thisjis spread all over the model, and in such 
thickness as to withstand in some measure the weight of 
die intended metal To this coating or impression is 
added a third, composed almost wholly of dung, with a 
proportion of earth sufficient only to render it a little 
more lough and firm when used. When this is tolera- 
bly dry, die sheU is finished by laying on several more 
eoats or impressions of the same composition, made 
strong and stiff by successive workings with the hand. 
When this is finished and is deemed adequate to support 
the heated metal, it is farther secured and strengthened 
by several bands or hoops of iron, bound round it at 
about six inches from each other, and fastened at bot- 
tom to the grate on which the statue stands. Above the 
head of the statue is made an iron circle for the purpose 
also of confining die shell and statue, to this circle the 
hoops are fastened at top. It may be considered when 
the moulding is arrived at this state to be in a condition to 
receive the melted metal ; but it is not so exactly as will 
soon appear. The mould, as has been before observed, 
is made upon an iron grate : under this grate is a furnace 
and Due, in which at this period of the work a mode- 
rate fire is. to be made, and the aperture of communication 
therewith stopped up so as to keep in the heat. As the 
heat increases and begins to operate upon the mould, 
preparation must be made to allow of the wax running 
freely from out of the shell : for this purpose pipes are 
contrived at the base of the mould, so that it may run 
gently off and through these pipes. As soon as it is all 
run off, the pipes are nicely stopped up with earth to 
prevent the air entering them, &c. When this is done, 
the shell is surrounded by any matter that has non- 
conducting properties, for instance, pieces of brick put 
round and piled up of good thickness, secured by earth, 
will answer the end ; and the whole should be finally 
coated outside with loam as a farther protection to keep 
in the heat. 

After the shell is adequately surrounded with mate- 
rials to keep off the effect of the air, the fire in the 
furnace is augmented till such time as both the matter 
surrounding the shell and it also become red-hot, and 


which in ordinary circumstances will take place in 
twenty-four hours’ time ; the fire is then extinguished 
and the whole allowed to cool : after which the matter 
which has been packed round the shell i» taken away, 
and its place occupied with earth moistened and closely 
pressed to the mould in order to make it more firm and 
steady. It will, when having advanced so for, be in a 
state to receive the melted metal ; to prepare which for 
the casting, a furnace is made a few feet above the one 
employed to heat the mould: it is formed like an oven 
having three apertures, one of which is for a vent, the 
other to admit the fuel, and the last to let the melted 
metal flow through and out of the furnace. This last 
aperture should be kept very close whilst the metal is 
fusing, when it has arrived at that state which is 
deemed proper for running it into die shell, and 
which is known by the quick separation and escape of 
the riac of the brass. A little tube is laid to convey it 
into an earthen-ware bason, which is fixed up over the 
top of the mould. Into this bason all the large branches 
from the jets enter, and from which is conveyed the 
metal intoall the parts of the mould. The jets are aU 
stopped up with a kind of plugs, which are kept close till 
the bason which is to supply the metal be fuM. When 
the furnace is first opened for this purpose, the melted 
brass gushes forward like a torrent of fire, and* is pre- 
vented from entering any of the jets by the plugs, fill 
fhe bason is sufficiently foil to be ready to begin with 
the mould, and which is esteemed so when she brass it 
contains is adequate to the supply of all the jets at once, 
upon which occasion the plugs from all of them are 
withdrawn. The plugs consist of a long iron rod, with a 
head at one end capable of filling die whole diameter 
of each tube. The bole in the furnace in whidr 
the melted metal is contained is opened with a long piece 
of iron fitted on the end of a pole td allow of the fur- 
nace-man kteping at a distance from it, as many acci- 
dents occur by die red-hot metal coming in contact with 
the air, particularly if it be damp, in which case the 
most violent explosions take place. The bason is filled, 
almost in an instant after the furnace-plug is withdrawn, 
and the metal is thenlet into the several jets communicating 
with the mode), which when they have emptied them- 
selves into the shell or mould the found mg is finished, 
in as far as the casting is concerned. The rest of the 
work is completed by the sculptor, who takes the new 
brass figure from out of the mould and earth in which 
it was encompassed, saws off the jets, and repairs and 
restores the parts where required. His tools for this 
purpose consist of chisels of various sixes, gravers, 
puncheons, files, &c. 

In casting colossal statues a somewhat different mode 
is pursued than the one already described, and this 
arises wholly from the size, it being found difficult 
to remove the moulds of such colossal works; to obvi- 
ate this difficulty, it is worked and prepared upon the 
spot where it is to be cast. There are two ways of 
performing this, and some founders prefer the one and 
some the other. By the first plan a square hole is 
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dag into die earth somewhat larger than would be 
required for the mould, and its sides are hemmed up 
with brick-work : at its bottom is formed a hole below 
the bottom of the one already prepared, as a furnace, 
and which must be built up with brick-work, having 
an aperture made outwards into another pit prepared 
near it, from which the fuel is put into the furnace. 
The top of the furnace in the first hole is covered by 
a grating of iron, and oil this is moulded and placed 
the case of the statue to be cast, aod also its waxen 
coating; in doing which the same process is ob- 
served by the sculptor as that already described. Near 
the edge of the large pit in which the model is 
placed is erected the furnace to melt the metal, and 
which is similar to the one already described for com- 
mon figure-casting, except being of larger dimensions ; 
it has like that three apertures, one for putting in the 
wood, another for vent, and a third to run the metal 
out at By the second plan of founding colossal 
figures, it is thought sufficient to work the mould above 
ground, adopting the same mode with respect to a fur- 
nace and grate underneath it. For, whether under j 
ground or above it, to keep in the heat when drying the 
core and melting the wax, is that which is more parti- 
cularly sought for; to do which in the most effectual 
way four walls of brick«work are built up round the 
model, in the middle of which is fixed the grate and 
furnace ; and on one side above is formed the mass of 
building intended for the furnace, which is to be 
appropriated to the melting of the metal. When die 
whole is finished and ready, a fire is made in the fire- 
place under the core of the model, and kept up so as 
to produce a moderate heat to dry the core, and also 
to melt away the wax from off it, which runs down by 
tubes as has been before remarked upon, and indeed no 
difference whatever takes place in such founding, ex- 
cept eveiy thing being on a larger scale. When die 
wax is run off and the fire extinguished in the furnace, 
bricks are filled in at random, either into the hole, if 
founding under ground, or into the area between the 
walls if above ground ; after this is done the fire in 
the furnace is again lighted, and blown up and aug- 
mented till such time as both the core and bricks are 
of a red-heat, when the fire is again extinguished and 
the whole is left to cool ; and when cooled the bricks 
are removed and all is cleared away, and die space 
again occupied by moistened earth to secure and steady 
the model. Nothing now remains but running in the 
metal, which i A performed as has been before described 
for smaller foundings of statues. 

Thecasting figures in brass is not much practised 
among the modems at this time, although it was a good 
deal followed at the restoration of the arts in the 1 5th 
century. At that time brass-works were had recourse 
to in the decoration of most buildings of any consider- 
ation, and in order to supply the metal at little cost, 
several of the ancient edifices then existing were muti- 
lated for the purpose. In Rome many of die vaultings 
to the temples were ornamented by haying their lacuna- 
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1 ria relieved by pateras and Other decorations of brass or 
silver ; these the popes of the tones removed to compose 
the childish ornaments for their then erecting or newly 
consecrated Catholic churches. France, Germany, 
and England, at that time subject to the same caprice 
in religion as well as in the arts, adopted a similar style 
of decoration in their religious edifices, as numerous 
reliques still existing in tombs, shrines, screens, and 
other parts of their cathedrals and religious houses 
fully demonstrate. Amongst us certainly, and particu- 
larly after Henry the Eighth’s separation from the 
church of Rome, such works were discontinued as ca- 
tholic and idolatrous. Elisabeth, proceeding in the 
reformation already commenced by her predecessor, 
not only destroyed the images but the pictures also, and 
at the same time strictly forbad any thing of the 
kind to be admitted in future under the severest penal* 
tiesr The rebellion in 1648 completed what the reform- 
ation had begun. The fanatics of this time defaced 
whatever they could get at, that the former inquisition 
had spared ; they tore down the brass from the monu- 
ments and screens, carried away the plate from die 
altars, broke the painted windows, and dilapidated the 
tombs of the saints, crying out in their work of spolia- 
tion “ cursed be he that doth the work of the Lord 
deceitfully.” After this it would be vain to look in 
England for works in brass of any consideration, as fit- 
tie was spared but what was too remote for the Vandals 
of these reigns to get at. From this time among us a 
void or chaos existed and continued to exist iu worics of 
art, till a more enlightened policy began te unbend 
itself, which happened about the middle of the se- 
venteenth century. But the effects of the persecution 
| had been felt so much that the liberal arts had lost their 
prac risers from the terror of the times, hence the iu- 
I troducrion of foreigners to do that which we had been 
1 forbidden 1 6 practise, and the consequent notion 
' about our inability in works of taste, which is much 
1 too insipid and ridiculous at this time to need refuta- 

| All the principal cities of ancient Greece and Rome 
! boasted of their wealth by enumerating their statues of 
j brass. Athens, Delphos, and Rhodes are each re- 
ported to have had in and about their temples 3,000 
brass statues. And Marcus Scaurus, though an edile 
' only, adorned the Circus at Rome with upwards of that 
number of statues of brass, during the time of the 
celebrating of the Circension Shows. It afterwards, 

! in consequence of this taste continuing to prevail at 
1 Rome, of forming and collecting works in brass, used to 
be a proverb among the visitors of that celebrated city, 
“ that in Rome the people of brass were not less nu- 
merous than the. Roman people.” 

It now remains to treat of a much more recent ap- 
plication of brass than has hitherto fell under our notice, 
and which, if considered in its effects, is calculated to 
j be equally striking, if n6t of displaying equal intelligence 
with those parts of the founding of brass already de- 
j scribed. The founding of pieces of brass-artillery, in- 
cluding 
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eluding camion, mortars. See. 8cc., was the common 
practice after die invention of gunpowder first took 
place. It is true the art of founding iron was then 
known, but not so well understood as it was soon after- 
wards, and is at present. In consequence of the igno- 
rance of the chemical properties incident to iron, all 
the first cannon cast of it were not found capable, 
when adequately charged, of projecting balls without 
being shivered in pieces ; by reason of which brass was 
•employed in artillery, and is partially continued to 
be used to the present period. As to the metal it 
is somewhat different to that which b made use of 
for statues and. other works of brass, inasmuch as it 
contains a proportion of tin, which is not found in 
them. A cannon b always cast in its shape somewhat 
conical, or more properly of the frustum of a cone; it has 
the thickest metal at the breech, in consequence of the | 
greatest effort of the gunpowder being there ; it di- 
minishes from thence to the muzzle, and b so propor- 
tioned the one to the other, that if the mouth be deter- 
mined to be two inches, the breech is made six inches : 
with respect to the length it is measured among artil- 
lerymen by calibers taken at the muzzle of the gun. 
They say, according to a proportion previously deter- 
mined, that one caliber in diameter of six inches at the 
muzzle requires a length of twenty calibers to be given 
to the gun ; or if the diameter of the bore be six inches, 
the shaft or depth of it will be ten feet. In apportion- 
ing the ball to the caliber, about on&toixth of play b 
allowed it. 

The composition of die brass of which cannon 
b formed is somewhat different in different countries ; 
the proportion with us is, to 10 lbs. of tin we add 100 lbs. 
of copper; whereas in the brass of statues zinc is em- 
ployed instead of tin. However, the respective 
quantities of different metals that should enter into the 
composition of brass ordnance is not so decided as to 
be given with mathematical accuracy. The usual pro- 
portions are to 240 lbs. of .metal deemed fit for casting, 
or which has been previously cast, are put 68 lbs. of cop- 
per, 25 lbs. of common brass, and 12 lbs. of tin. The 
Germans, who are fond of brass ordnance, prepared as 
follows; viz. to 4, 200 lbs. of metal fit to cast again, they 
add 3,68744- lbs. of copper, 204J4 lbs. of brass, and 
S074 t lbs. of tin. The French are reported to use in 
their brass for guns the proportions of lOOlbs. of cop- 
per to 61bs. of common brass and 9lbs. of tin, and this 
proportion b sometimes varied by othere to lOOlbs. of 
copper, 10 U>s. of common brass, and 15lbs. of tin. All 
cannon, &c. are cast solid, and their insides bored out 
afterwards ; and this is effected by means of a machine 
invented at Strasburgh, and continued to be used till 
very lately at all the depots for founding ordnance. The 
gun to be bored by this machine was placed in a verti- 
cal position, which was turned or put in motion by a 
windmill, horse, 8tc. This mode b now laid aside in 
a great measure, and instead of the gun being raised 
vertically it is laid down horizontally, and the boring 
goes on by means of steam or some other power. The 


i instrument employed in both ways is nearly similar, ex- 
! ccpting the change of its position. It b so contrived 
' that while the boring b advancing - the outside b 
cleaning and polishing ; hence the gun b finished all to 
its carriage at the same time. 

1 The casting of guns is performed as has been already 
J described for statues, &c., excepting only no core is re- 
! quired, it being cast solid ; the shell-wax, furnace, &c., 
are alike in both processes, and enlarged in proportion to 
the size and quantity of the casting required to be made. 

Bronze, or by the Italians Bronzo, was well known 
to the ancients. Egyptians, Greeks, and Romans 
all made use of it, and that in most cases to their 
important works as connected with sculpture and the 
ornamental parts of architecture. Bronze waa selected 
by these people as bearing a finer edge, and not so 
likely as either of its component parts tosOxydate by 
exposure to the air : hence they made statues of it to 
adorn the approaches to their cities and public edifices, 
affixed it in beautiful and highly relieved ornaments to 
the friezes of their temples, cast it in basso-relievos to 
represent the paraphernalia of their games and festivals, » 
which were retained in compartments about their works 
dedicated to their gods ; and, finally, wrought it into 
baths, tripods, vases, lamps, and other purposes of 
utility and ornament ; specimens of many of which have 
by its instructibility come down to us, as may be seen 
exhibited in the numerous public galleries on the Con- 
tinent, at Rome, Naples, Florence, and Paris, with 
some in our own Museum. 

The Egyptian bronze consisted, according to Basari, 
of two-tbirds brass and one-third copper. Pliny says, 
u the Grecian bronze was formed by adding ooe- 
tenth lead, and one-twentieth silver, to the two-thirds 
brass and the one-third copper of the Egyptian brpoze,” 
and this was the proportion afterwards made useof by the 
Roman statuaries. The Greek bronzes very obviously ap- 
pear to possess a difference of composition to any that 
have been founded among the moderns. The famous horses 
(four in number), said to have been the woik of Lysip- 
pus, which now adorn the approaches of the palace of 
the Thuilleries at Paris, having been brought there, as a 
trophy of the victories of its present emperor Napoleon, 
from Venice, exhibit at once, to bronzists, that the an- 
cieut metal of that name was, in its composition, very 
different from that which is now made and called after 
that designation : — the modern bronze is commonly 
made of two-thirds copper, fused with one-third of 
brass ; and very lately, from the great demand for all 
kinds of ornaments in this metal, in forming the deco- 
rative parts to our apartments, and supports to our 
articles of furniture, lead, with zinc in small propor- 
tions, have been added to the copper ,and brass. These 
variations have been one cause of the greater brilliancy 
and compactness to be observed in modern castings of 
this metal, in comparison of those founded a few years 
since. So common is bronze-work become at this 
time, that every petty brass-worker pretends to be an 
adept in foundipg of this metal ; however, nothing is to 
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test feircd in the attempt, as the efforts of such broneists 
will not cany them beyond the work of the furnace. 

The alloying of the several metals to form bronze is 
found to promote in it a readier fusibility than is pos- 
sessed by either of its component parts in their pore 
metallic state ; and this is a property very much to its 
advantage in the castings of large works. Modern 
works in bronze become numerous in proportion to the 
advancement in die arts. Brooee-casdng is employed in 
/brining equestrian statues, colossal and other figures in 
alto-relievo, to set-off and adorn public places. It is com- 
petent, when in the hand of an artist, of giving a zest to 
architecture ; inasmuch as by its tint, as well as by the 
great variety of the forms it is susceptible of being 
made into, it is able to add richness by its opposi- 
tion, and at the same time it finishes the forms of those 
parts of architecture requiring it. 

Bronae casting is performed m the following manner, 
viz. 1. The figure or pattern to be cast must have a 
mould, and this is prepared and laid on a plaster cast, 
previously wrought and finished by the sculptor. The 
mould is made of plaster of Paris, rendered moist by 
being mixed dp with water ; to fois preparation is added 
brick-dust, m the proportion of one-third of the former 
to two-thirds of die latter. This iscarefolly laid on the 
mould, with strength in proportion to the weight of 
metal intended to be used in die founding. In its joints 
small channels should be cut tending upwards, and from 
different parts of the internal hollow, to allow of vent 
for the air to escape through, as the heated metal runs 
in upon the mould. A thin layer of clay should be 
spread over the inside of it, and of the thickness which 
it is intended the bronze should be. Within-side of the 
day, a filling up of plaster and brick-dust, in the pro- 
portions as before described, will be required to com- 
pose the core : but if the woHc to be cast be large, 
before the plaster and brick-dost are poured into die 
mould to form the core, a skeleton composed of iron 
bars, as a support for the figure, should be prepared 
aod fixed ; after which, the filling up of the core may 
be proceeded in. When this is done, the mould must be 
opened again, and die layer of clay taken out of it, and 
foe core thoroughly dried, and even burned with a char- 
coal fire, or with straw ; for if foe least damp remain, 
the cast will be blown to pieces when foe hot-metal 
conies in contact with it, in running it into foe mould, 
and the workmen employed about the work be maimed 
onkilled by the dispersion of the heated bronze. After 
the core, See., has been properly (dried, and is deemed 
ready for the work, it should be laid in foe mould, and 
supported in its place by short rods of bronze, which 
should run through the mould into the core. All being 
so for advanced, foe mould should be clad and bound 
round with iron, of strength proportionate to foesize of 
the work to be cast ; after which, foe mould should be 
kid in a situation for running in the metal, and must be 
supported for foe purpose, by bricks, &c. Great care 
should be taken that every part be perfectly dried, be- 
fore any metal be run into the mould ; or, as has been 


before observed, the most fetal consequences trill arise 
to those who may be about foe work. A channel must 
be made from the furnace in which foe melted metal is, 
in order to its running to foe principal jet of the mould, 
and with a descent, to promote its flowing rapidly. 
The jets, furnace, &c. fcc., are all contrived as has 
been before described for casting figures in brass. 

In Vesaris’s Lives, is a chapter on brass-founding; 
and there is also some very useful observations in foe 
Life of Bevenuto Cellini, vide Pliny's Natural His- 

iof y- 

The smaller works in bronze are founded by pre- 
viously being modelled in wax, to which a coatipg of 
clay is adapted and dried (See Brass Casting). 

Bronze works we cleaned up and repaired after being 
founded, in a similar manner to which figures in bran 
are, and with foe same kind of tools; but this last 
touch of perfecting what may have been left imperfect 
by the mould, should invariably be done by the statuary 
or modeller himself; as no one is so competent to 
keep up foe spirit of foe original work, as he who 
invented k, and gave effect to his invention, by 
the model. 

The principal works executed in London in bronze, 
claiming particular notice, are, foe equestrian statue at 
Charing Cross, of Charles the First ; the colossal statue 
of his present Majesty, together with the basso-relievos, 
and other insignia, in the square of Somerset Place, 
executed by the late Mr.Bacon. The statue of Francis, 
duke of Bedford, with foe attributes of agriculture on 
foe pedestal, to the promoting of which he had devoted 
his time and fortune : this work has been very recently 
placed, on the south-side of Russell Square, and waa 
executed by Mr. R. Westmacott The last public 
work of bronze is the equestrian statue of William III., 
erected in foe centre of St. James’s Square, and » foe 
work of Mr. J. Bacon, Jun. There are also many 
bronzes of great merit in the provinces ; and there are 
many more at this time under execution at our sculp- 
tors. Mr. Flaxman, who is called “ the Phidias of 
the moderns/’ is now executing a statue of the late Sir 
John Moore, K. B., who was unfortunately killed ift 
the ever-memorable battle of Corunna. This work in 
calculated, from its superiority in design and chasteness 
of style and execution, to establish foe sculptor's genina 
on principles as imperishable as the metal is from which 
the work has been wrought. It is intended to he raised 
at Edinburgh when complete, and it will be so in a 
few months. 

The founding of iron, if it be considered in how mul- 
tiplied away it is now employed, makes it occupy a space 
in foe public economy of very great importance, and that 
of an infinitely superior description to any of the other 
discoveries which have already been made as appertain- 
ing to the arts. 

Cast-iron is now employed (in addition to what it has 
been hitherto, and which is too well known to be re- 
cited) in the formation of bridges of great extent ; in 
roofs, and the girders and joists in buildings, as well as 
4 U the 
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the sash-frames and sashes. It has also been used with 
success in wheels .and other machinery to our steam- 
engines, and also for their cylinders. It is founded 
hollow, in the form of columns, partaking of the three 
known designations in architecture ; and has been lately 
used to compose the immense mains, and branches 
from them, to our public water-works. The facility of 
casting it, with its consequent cheapness; has been a 
means of creating a trade for it to our trans-atlantic 
friends, which, until the interruption of that amity 
which has now so long subsisted, was excessively pro- 
fitable. Birmingham and its neighbourhood is die great 
entrepdt for works of all kinds in irou. Here are the 
furnaces which supply the world with the goods wrought 
to every device required for the people’s comfort, accom- 
modation, ease, or luxury. Tram or rail-roads have founded 
their success in the application and facility of casting 
their rails of iron. Canal works are largely concerned 
in promoting iron founding, as by these the labour at- 
tending making them has been much abridged, and its 
details rendered more secure and permanent. It sup- 
plies the modem means of war, by facilitating the form- 
ation of artilleiy of every description, and that in a 
better and more improved manner, than had hitherto 
been done by the other means had recourse to for that 
purpose. And it is daily arriving at so improved a ! 
state, that it will not he too much to say, “ that in a 
few years cast-iron will be the desideratum in architec- 
ture, engineering, and the arts.” 
t A foundry of iron is, when calculated to do business 
on a laige scale, situated near, and connected with, the 
ore and the blast < furnaces, as here it is that the ore- 
smeltibg is done ; and where that is performed, castings 
can be executed better, and much more cheap, than 
when it is done at separate establishments ; it is also 
better done, because, as more metal is heated at a 
time at such furnaces, there is a better chance of getting 
thecastings perfect. It is cheaper, from this very ob- 
vious circumstance, that as the new metal is smelted, it 
is at once cast into the work required, instead of being 
riin into pigs, as they are termed, to be re-heated in 
another furnace r and then to be founded. This addi- 
tional heating; with the cost of removal and labour, is 
saved by founding it into what is required at its first 
being smelted. 

The foundry, or place in which the furnaces are 
placed,' is a building qf oblong shape, surrounded by 
waits of masonry or brick-work, of a single story in 
height, and its size is determined by the extent of the 
business proposed to be done in it. At the Carron or 
Charron Iron Works, in Scotland, there are many such 
buildings all connected to* one grand establishment 
There are also several in Derbyshire : but those of the 
most considerable importance are in Staffordshire, at 
Colebrooke-daie, Willenhall, &c. In London there are 
nutoy extensive works of this description, and where 
they do many things on a large scale ; and these are 
mostly situated at Lambeth. .Wherever a foundry is to 
be formed, a dry situation should be selected for it ; as 


dampness would totally prevent any thing being cast 
’ with tolerable accuracy, besides rendering die founding, 
in such places, dangerous to the workmen employed. 
The floor of a building for this business should be 
! about 10 feet deep, and composed of a kind of loamy- 
j sand ; and if the place selected does not afford this con- 
venience naturally, the ground must be excavated, and 
such sand brought to fill up the excavation. This 
loamy sand is for the purpose of burying large moulds 
beneath its surface, so that the metal may be conveyed 
to them by channels or soughs hollowed out of the 
sand, and through which it runs from the furnace to the 
mould to be cast. A foundry, or casting-house, is 
provided with as mauy air or reverberating furnaces, in 
addition to the blast furnaces, as is required for the ex- 
tent of the works to be founded at it. An air or rever- 
berating furnace is only used occasionally, either when 
the metal contained iu the blast furnace, is not sufficient, 
or when the quality made iu it is not proper for the 
work about to be cast. The difference in the qualities 
of the metals arise from their containing too much or 
too little carbon ; and this is corrected by tbe founder, 
by mixing them with better or worse metal, till they 
are rendered fit for the purpose required. Cupolas are 
also wanted in a foundry, jis they are called, and are 
similar to the blast furnace, except being of somewhat, 
smaller capacity : they are used to melt small quantities 
of metal, when it is wanted in baste ; as tbe reverberatoiy 
or blast furnaces will take more time in filling the chaige 
of metal than the cupola does, by reason of their being 
of larger capacity; but the founding by cupolas re*, 
quires more machinery, from which circumstance it is not 
so well adapted to answer the purpose of the founder, 
as founding with a reverberatory or blast furnace is.; 
A much greater stock of flasks and other implements; 
are wanted to make the moulds with, than are. required' 
by the caster who performs his work by means of either of! 
the other furnaces. These kind of furnaces are always 
in use at large foundrys, as at these places can be em- 
ployed the whole charge of metal they are capable of 
containing. 

In the foundry, by a blast furnace, a pit is sunk at a 
convenient distance from the furnace, and the moulds 
for all large articles, such as pipes, 8tc., are placed 
vertically in it, withki reach of the crane, that they may, 
be raised or lowered in the pit. The metal is conveyed 
from the furnace by a gutter or sough, made in the flooa 
of the foundry, and a small irou trough filled with sand 
conducts the fluid metal into the moulds. This method 
of performing fpundings to large works, is an improve- 
ment on the old one, (which consisted ip burying the 
pattern in sand,) and which has caused a great sav- 
ing in labour and time.’ Tbe flasks for this method 
of casting are founded of iron. It is uow a practice, at 
most of our large foundrys, to substitute sand for loam 
castings, in cases in which there are a great number of 
articles of the same kind to be cast ; so that the expense 
of the flasks becomes an object of no great importance. 
When it happens that the articles are intricate* the sand 
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» wetted so much as to render it sufficiently adhesive to 
make it mould, and receive the form of the pattern 
completely; after this is done, it is necessary to dry 
(he mould, to prevent accidents by the explosion of the 
hot-metal, when running the cast. For this purpose, 
stoves are used, in which an equal and moderate de- 
gree of temperature is produced, and of a capacity ade- 
quate to contain a good number of the patterns. The 
moulds, when ready to be dried, are placed upon a 
carriage adapted to the purpose, and on which they are 
arranged and conveyed to the oven ; and when dry, 
.which generally happens in about half an hour, they are 
withdrawn, and a new set placed upon the carriage. 
Every foundry should be provided yvith one or more 
cranes, so placed as to be easily got at when it is re- 

J uired to raise or lower any large piece of casting ; 
ley should also have a boring-mili, for clearing out and 
forming the internal surface of all hollow casting, such 
as pipes, cylinders for steam-engines, &c. 8cc.; and the 
same machinery which turns the large lathes for this 
purpose, is also employed in the turnings of heavy mill- 
axes, pistons, the rollers in sugar mills, and the lamel- 
la tiug of iron, called “ laminating rollers;” it gives 
motion to all these at the same time, and also blows the 
cupolas* At the foundrys in which the blast furnace is 
employed, this operation is supplied by a small pipe 
from the great blowing engine of the furnace. 

The moulding of large pieces of casting which are 
required to be hollow, is made in loam, and consists in 
laying down an iron ring upon the ground, of the dia- 
aieier of the proposed caliber of the work to be cast, 
and which has a rod of iron in its centre ; after this 
is done, bricks, clay, and wet-loam, are mixed toge- 
ther, and built up within the ring, and round , the iron 
rod, of somevrfaat less diameter than the cylinder about 
to be cast, and for which this is to form the core. The 
whole, when; built, is bound round with iron hoops to 
protect it, and a fire , is made in it to dry it, and w hen 
properly dried, a coating of ioam is spread over it, and 
smoothed; tlu* coat fills up, and makes it the pro- 
per size for the inside of the cylinder, and is called the 
core of the mould. Another cylinder is built . and 
plastered in the same manner, but without hoops, 
whose diameter is the same as the outside of the cylin- 
der to be founded. When this is finished, it is covered 
over with charcoal-dust, or charcoal ground, which is 
mixed up with water, like paint, and laid on with a 
brush; and a thin coating of loam mixed up with hair 
is then laid over the charcoal previously spread upon the 
inoer cylinder. When all these are quite dry, a mao 
gets into the ^cylinder, and with a picker pulls away front 
the edre the hricks, and then with a trowel cuts away 
alro the loam, leaving die inside of the external cylinder, 
which is called the mould, quite smooth. This part of 
the \york is effected by the coat of charcoal, which 
prevents the two coats of loam from adhering together. 
While this is doing, a deep pit is dug, and into this 
the core is let down by a crane, and when down, the 
i^onldlis lowered dowu over it, and wh eq adjusted in 


' its -place, sandis thrown in and rammed round about it, 
to about the half of its height ; after which -a dint cover 
of dried loam is put on the top of the mould and core, „ 
and pieces of rounded wood are put into the holes 
which had been before made for pouring in the metal; 
The plugs which keep open these holes are carefully 
taken out* and small channels prepared for the metal to 
run through from the furnace. Before the metal is run 
into the mould, it may be necessary to observe, that it 
must be perfectly well dried, and every part of the 
mould examined, to see that it be in a proper state to 
receive the metal. Sand or open casting is used for 
such articles as will allow of cutting into two pieces, 
or even more, the models of which are indented in the 
sand, and the metal is run in between fiasks. 

As to the prices charged for castings in iron, they are. 
regulated by tne nature of the article required to be 
founded. At die smelting furnace, work of a large size 
is cast at little more than the price of the pigs, and this 4 
addition is created only by the moulding. Iron roofing: 
to buildings, composed of all the detail of principal and 
other rafters, modelled, fitted, and put up complete, 
has been agreed to be done for the writer of this article 
after the rate of 1 Is. per cwt., founded at Birmingham, 
and erected in the centre of London, and this price, 
is to embrace the whole expense of the carriage and- 
labour to raise it up and fix it completely on the build-- 
ing for which it is intended. The water pipes for the* 
Grand Junction Company were founded at Colebrooke- 
Dale, and at a much less price than those above recited 
for the roofing. In London, cast iron work is more than 
treble the price which is charged for it at Birmingham* 
The founders in London will have from 17s. to 23s. 
per hundred for the forger piping, and as to the roof- 
ing it is doubtful if they could do it all; at any rate they 
would not do'it for double the price. Gallery, or bal- 
cony railing, is founded generally in paimels of about 
five feet in length, and charged by the hundred as other, 
foundings are ; such goods are always cast in open saud ; 
they are charged in London at from 28s. to 33s. per 
hundred weight, if the pattern be troublesome or * diffi- 
cult a greater price would be required for it ; and this 
last estimate for cast iron founding, will be a veiy 
good ratio on which calculations may be made for cast- 
ings in London. But the great foundiys in the country 
are the places at which things on a large scale should bo 
had from, if economy be at ?U to be considered. 

The manufacture of artillery, when of iron, was not, 
at first, conducted by casting it. Bars were so adjusted 
together, and bound by hoops, as to render them capable * 
of withstanding the chargeof powder and the projection of 
ball ; bat to do this, they were obliged to be excessively 
large, and consequently became so ponderous, as in 
some measure to be unmanageable. The casting of 
them was then had recourse to, and it was usual to do 
that hollow ; from which circumstance, and from fovmd- 
ing being jn its infancy, many accidents occurred by the 
metal not beiug always adequate to withstand a powerr 
fal charge, or a repetition of it. Efence, founding 
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artillery solid, and boring its inside out afterwards, was 
adopted, as the most likely method to avoid these incoave- 
niencies, and which having been more successful than 
hollow casting, cannon have continued to be so cast ever 
since, with such other improvements as have gradually 
developed themselves. 

It is generally believed that cannon have been made 
use of in Europe ever since the year 1338, and that 
they were employed for naval purposes, in the Baltic 
Sea, in 1350 ; at any rate, it is certain they were used 
by the Venetians in 1366, at the siege of Claudia 
Jessa. Larrey ascribes the invention of brass cannon to 

J . Owen ; he asserts, there were none such known in 
England till the year 1535, and that iron cannon were, 
for the first time, cast in it in 1547- Specimens of 
great guns, as they were first used, and before the cast- 
ing of them in foundrys came into use, are still to be 
seen in many parts of Europe, and some also in the 
Tower of London, and at Woolwich. They were, at 
first, called bombardes, and afterwards cannon. It was 
usual, formerly, to designate those which bad been 
made uncommonly large, or bad been supposed to have 
performed any uncommon service, by a particular name; 
accordingly, Louis the Twelfth, in 1503, had Id brass 
cannon cast, of extraordinary size, called after the Id 
peers of France ; the Spaniards and Portuguese named 
theirs after their saints. The emperor Charles the Vth, 
when he went against Tunis, had Id cannon founded, 
which he called “ the twelve Apostles.” At Milan 
there is a 70 pounder called “ the Pimontelh and 
there is one at Bois-le-Duc called “ the Devil.” At 
Dover Casde there is a 60 pounder called “ Queen Eli- 
sabeth’s Pocket-Pistol there is an 80 pounder at Ber- 
lin, called “ the Thunderer;” two 60 pounders at 
Bremen, called “ the Messengers of Bad News and 
there is one at Rome, made of the nails which fastened 
die copper <aad bronze ornaments about the portico of 
the Pantheon, with this inscription on it, “ Ex davis 
trabalibus portions Agrippw” At present, cannon take 
their names from the weight of the balls which they are 
intended to discharge : thus, a piece that discharges a 
ball of d4lb8. is called a 84 pounder, and that which 
takes a ball of 18lbs. a 18 pounder, and so on. Guns 
for ships consist of the following weights, viz. of 48, 
36, 84, 18, 18, 9, 6, and 3 pounders. Garrison 

C are of 48, 38, 84, 18, 18, 9, and 6 pounders. 

ering guns are of 84, 18, and 18 pounders. Field 
pieoes consist of 18, 9, 6, 3, 8, 1, and $ pounders. 

In addition to the artillery already named, there are 
mortars, howitzers, & c. &c. A mortar is a sort of 
eaunon, with a short shaft, a large bore, and chamber. 
Mortars are thought to be the first pieces of artillery that 
were used, as they were employed for the purpose of 
throwing red-hot balls and stones. Mortars are also 
made use of for throwing hollow balls and shells filled, 
with powder, in sufficient quantity to burst them. The 
ingenious Desaguliers contrived a method of throwing 
hags from them, filled each with from four to six hun- 
Xlred shot of different dimensions, and with adequate 


success. The effect of such an application taunt bo 
awful and tremendous. Mortars are distinguished by 
artillery-men, by the diameter of their bores ; hence a 
mortar with a bore of thirteen inches is called a 13 inch 
mortar, and one of eight inches, an 8 inch mortar, and 
so on. The sizes, lengths, and every detail and parti- 
cular connected with the proportious of artillery, are 
settled and arranged by tables issued from the Board of 
Ordnance ; and no piece of artillery can be made use of, 
unless conformable to the table published by its sanction. 
For a full description of all the various guns, their calibers 
and size of the metal, 8cc , allowed to be made for the 
use of the state, and also those which are used by the 
French, since the year 1793* when the table of their 
guns received many alterations, consult article Gannon, 
Dr. Rees’s Cyclopedia. 

The founding of artillery is conducted in a similar 
manner to other foundings in iron. The gun intended 
to be cast is moulded in the sand, from a model previ- 
ously formed either in wood or clay. When the mould 
is complete and ready for the metal, it is suffered to 
run through a channel or gutter into the mould. The 
smaller guns are moulded on tables, and one half of the 
mould is formed in one table, and its counterpart or 
other half in another table. The counterpart is fitted 
to the first half by means of sanall pins which keep 
die two firmly together, and when so adjusted they 
are put under a heavy weight or into screws, to keep 
them from separating while the hot metal is riming 
in to fill the model. 

Till about forty years ago a cannon was cast with a 
cylindrical cavity, having nearly the same diameter with 
the intended caliber of the piece, and was afterwardb 
enlarged and cleaned out by a machine adapted to -die 
purpose. It consisted of two vertical bars of cast-iron 
from eight to ten feet in height, or in proportion to the 
gun to be bored, and confined by bring screwed with 
nuts and screws to four cross-beams of the same metal, 
between which an iron frame was adjusted, composed of 
two upright pieces fitted parallel to the vertical bars and 
framed to three crori rails, into which is fitted die drill 
for boring out the gun. On their edges are eight 
small pieces of iron, projecting so much as to clasp the 
vertical-bars and to form a groove to keep the frame 
steady in sliding down while drilling out the inside of 
the cannon. In the centre of the upright frame is 
placed the gun to be bored out, with its small end 
downwards, and held to the frame by three bands of 
iron which are screwed to trunnions or fixed round it, 
one of which is placed at the breech, another in the 
middle, and the last at its muzzle: these bands are 
placed to prevent the gun from turning round by the 
action of the drill bar. At the bottom under the gun 
and drill, is placed a copper or iron pan of a circular 
shape, about twelve inches in diameter, with a project- 
ing rim of about two inches in height for receiving the 
chips of metal separated from the piece while 'its inside 
is cleaning out. At the top of the sliding-frame are 
fixed huge hooks, to which are looped, by iron loopa, 
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Van three- wheeled Mock pultys with fines, for the prir- 
pose of raising and lowering die cannon upon the drill. 
The drill bar is tamed or moved round by a hone or 
horses, and the gun is kept to the work by its own 
weight pressing upon the head of the drill. 

The drill bar is provided with a piece of iron rather 
larger than the diameter of the bore of the gun, and 
fixed upon the shaft of the drill to prevent it entering 
too far into the piece. This machine is now nearly ont 
of use for boring and cleaning out artillery, as they are 
now invariably founded solid, and the drilling is per- 
formed m a different manner. The reason of disconti- 
auing to cast gnns hollow arose from the uncertainty of 
getting them sound by that way of founding. Cannon 
cast hollow were always more or less spongy, and nu- 
merous cavities were formed round the cores, which 
could not be removed by the drilling. Guns, or in- 
deed any other founding required to be left hollow in 
their insides, must be moulded on a cove or heart, and 
which is previously explained in the casting of brass and 
bronze. Some of the cavities left in the cores of guns 
by the hollow founding, were often found to be so deep 
that the boring would not take them out; and from 
this reason, mid the uncertainty of the work being 
titled to its intended purpose, solid casting was had 
recourse to and adopted at every foundry ; since which 
time a new kind of machine for die purpose of boring 
out their insides has been invented and used, and 
which consists chiefly in the difference of placing the 
gun. By the first method the cannon to be drilled was 
suspended in a vertical frame as has just been described, 
whereas the gun is now laid down horizontally. The 
machine is somewhat different in its details in every 
establishment for gun-work, and experience can only 
determine which is the best. The one at the Qarrat 
Iron- works is found well adapted to answer the pur- 
pose ; and there is also a very elaborate one at Wool- 
wich, as well as at the Carroo or Charon works in the 
North. The machine at Garrat consists of a long frame 
composed of ledgers of iron laid down on the ground, 
of length adequate to receive guns of any dimension ; 
it is raised upon' cross ledgers of wood to about two feet 
from the ground, having foar upright shafts to support 
the gun, and also the drill for boring it. The drill bar 
rests on a block which is fitted near the muzzle of 
the gun, die other end of k is supported by a small 
carriage, which has wheels by which it is moved on the 
ledgers t>f the frame. To Che bottom of the carriage is 
fixed an iron rack which works into a pinion, the rack 
is employed to move forward or backward the gun 
while under die operation of boring. It is kept steady 
to the pinion by a roller, and on the end of its axis a 
capstan head is fixed with holes in it to receive one end 
of an iron bar fixed to the side of the frame, while the 
other end is loaded with a weight for the purpose of 
advancing the borer into Che gun, and is shifted as the 
boring proceeds, and fbis k known by the weight sus- 
pended at its end falling to die ground. After die gpms 
afo bored and their inode cleaned out; and their out- 


rides turned to the shape d esired, their touch-holes 
are to be drilled, which is done by an instrument 
mounted hi a frame of wood ; and which has at one end 
for the convenience of removing easily when it is to be 
used, wheels, and on this the frame is moved close 
to the gun requiring its touch-hole to be made. The 
cannon is laid on two blocks of wood of sufficient 
height to raise the wheels off the ground, which will 
prevent its running back while the hole is makii^. The 
drill, with its bow for turning it round, is then to be 
fixed between the touch-hole of the gun and the block; 
The block is advanced forward by using the arm of a 
bent lever, which is assisted by the means of a weight 
suspended on its opposite arm. On a beam over the 
machine is fixed a screw, the lower end of which is 
hollow for a few inches to receive one end of the drill, 
and on its other end is fixed a wheel or head to act as a 
fly to the upper part of die bore. To die shaft of the 
diiU, two strings of catgut are fastened and twisted with 
their opposite ends tied to a handle, which operates by 
being twisted backwards and forwards, and with the 
motion of the borein forming the touch-hole to the 
gun. 

Cannon are always cast with a huge cap at their 
muzzle, this originally was cut off with a saw, but now 
a machine is used for the purpose which a man works 
by a turning lathe; and as the turning goes on, the 
turner uses a chisel, with which he cuts into the gun 
to about one and a half inch deep. The cap so cut is 
broken off by being hammered. 

Bells follow next in order. The sera of their invent 
tidn is somewhat obscure, as we find no traces by 
which we can discover whether they were known to the 
ancients or dot. It is not improbable but that they 
came into use at the spreading of the Christian religion; 
as some notices respecting them may be traced as early 
as the seventh centuiy;* but they were at this time 
very small, and, k is probable, used only on particular 
occasions, and erected in cupolas. However, in the 
tenth century large ones became common, about the 
middle of which we find several of die churches were 
furnished with them by the munificence of our kings ; and 
the account we have of St. Duostan’s gifts to Malms- 
bury abbey, plainly shews they were not very common 
among us in that age, for he says, “ the liberality of 
that prelate consisted chiefly in doing such things as 
were then wonderful and strange in England, among 
which he reckons the large bells and organs which he 
gave them, and from this time they became more fre- 
quent, and afterwards the common furniture to churches. 
Bells no doubt at first suggested the necessity of 
lowers. Towers promised to the imagination something 
noble and extraordinary in the uncommon effects they 
were capable of producing by their requisite loftiness 
and variety of forms. The Chinese have long been 
distinguished by their partiality for bells, and some of 
theirs are of large dimensions. There are also very 
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large bells in almost every cathedral on the Continent! 
besides many in England. 

* The manner of casting bells is similar to that of sta- 
tues, except that the metal is different, there being in 
bell-metal about one-fifth of tin, whereas there is no 
tin in the brass of statues. The dimensions of the core 
and wax in modelling a bell, if it be to be one of a ring 
of several, must be formed ou a kind of scale or dia- 
pason, which will give the height, aperture, and thick- 
ness of the shell necessary to the several tones required. 
The exterior of the bell is formed into rings fashioned 
into mouldings, and sometimes inscriptions, mottos, and 
figures are also added to adorn and set off its outside ; 
all these are previously modelled and afterwards moulded 
in wax upon the core. The clapper or tongue is not 
properly a part of the bell, and is furnished by other 
hands: with us it is usually of iron, and is suspended in 
the middle of the bell. TTie Chinese make it of wood, 
leaving a hole under the cannon of the bell to increase 
its sound. Our proportions of bells consist in making 
the diameter fifteen times as thick as the brim, and its 
length twelve times. The bell itself consists of its 
sounding bow, which is terminated by an inferior circle, 
which diminishes thinner and thinner as it approaches to 
the brim or that part on which the clapper strikes, and 
which is required to be left rather thicker than the rest 
both above and below ; also the outward sinking or pro- 
perly the waist of the bell, or the point under which it 
grows wider to the brim and the upper vase, or top or 
dome of the bell, or that part which is above the waist. 
The pallet is the inside of- the vase or dome to which 
the clapper is suspended. The vent and hollowed 
branches of metal which unite with the cannon to re- 
ceive the iron-keys by which the bell is hung to its 
beam of support, where it must be exactly counter- 
poised. The height of a bell is in proportion to its 
diameter as twelve is to fifteen, or in the proportion of 
the fundamental sound to its third major, from which it 
follows that the sound of a bell is principally composed 
of the sound of its extremity or brim as a fundamental 
of the sound of the crown, and which is an octave to it, 
and that of the height, which is a third. 

To mould a bell for casting, the following prepara- 
tions must be made. Earth must be collected, and that 
which is most cohesive is the best, and it must be well 
ground and sifted. Brick or stone must be gotten for 
the mine, with which it must be steined. Horse- 
dung, hair, and hemp, must be mixed with the earth, 
to render the composition for moulding more firm and 
binding. The wax to mould the inscriptions, coats of 
arms, and other • insignia about the outer surface of 
the bell : also tallow must be mixed with the wax in 
equal proportions, to make it mould more freely; 
which when mixed, a slight layer of it is put npon the 
model or outer mould, previously to any of the orna- 
ments being applied to it. A scaffold is raised upon 
tressels round the mine, upon which is placed the earth 
grossly diluted with water, to make it mix better with 
the dung ; and, last of all, shelves are to be placed, on 


which the models, &c., of the difiefeUt oroa metohor 
inscriptions to be east upon the bell are put. A hole 
is now to be dug of an adequate depth to contain the 
mould of the bell, together with the case of it, qr can- 
non, under ground, and about six inches below the 
level of the ground of the foundry. It must be wide 
enough to allow of a free passage between the mould 
and walls, or between one mould and another when 
several bells are to be cast At the centre 6f the holes 
stake is erected, which is fixed firmly in the ground; 
this supports an iron peg, on which the pivot of the 
second branch of the compasses of construction turns, 
(these compasses are the chief instruments for making the 
mould, and consist of two legs joined to a third at its 
apex). The stake is surrounded by solid brickwork, of 
about six inches in height and of the diameter of the 
bell ; this is called the mill-stone. The partB of the 
mould consist of the core, the model of the bell, and 
the shell. When the outer surface of the core is formed, 
it is raised up with bricks, which are laid in courses of 
equal height upon a layer of earth; as each brick is laid 
the work is brought near to the branch of .the compasses 
on which the curve of the core is shaped, so a s that 
there may remain between it and the curve the distance 
of a line, to be afterwards filled up with layers of ce- 
ment. The building of the core is continued to the 
top, leaving only an opening for the coals to be put in 
to bake the core. This work is covered with a layer of 
cement made of earth and horse-dung, and on which is 
moved the compass of construction, to make it of au 
even smoothness every where. Having finished the first 
layer in this way, the fire is put into the core by filling it 
half with coals through an opening kept shut during (lie 
baking, and with a cake of earth which has been sepa- 
rately baked. The first fire consumes the stake, and it 
is left in the core a half and sometimes a whole day : die 
first layer having become thoroughly dry, it is covered 
With a second, also a third and fourth, each being sur- 
rounded with a board and also the compasses, and also 
thoroughly dried before another is proceeded on. The 
core being thus finished, the compasses are taken to 
pieces with the intention of cuttiiq; away the thickness 
of the model, which when done they .are again putin 
their places to begin another piece of the mould. This 
piece consists, of a mixture of earth and hair applied 
with the hand upon the core in several cakes, these all 
close togetber*«f properly applied. Tim part of the 
work is finished afterwards in several additional layers of 
cement of the same matter smoothed by the cpmpasses, 
and thoroughly dried before another is laid on. The 
first layer of the model is a mixture of wax and tallQW, 
which is spread over the whole. Wh^n the wprk has 
so far proceeded, the inscriptions or other insignia in- 
tended to be cast upon the bell are applied, for doing 
which a pencil is used dipped in a vessel of wax , melted 
in a chafing dish ; this is done for every letter, or figpre 
intended to be, upon the bell. Before the shell is be- 
gun, the compasses are taken to pieces, in order to cut 
away all . the wood that fills the place of the thickness 
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yhi<b is intended tab* given t? the sh^ll. When this 
.is done and all is clear, the shell is begun, the first layer of 
/which is the same earth sifted very fine. While it is tem- 
pering with. water, it is mixed-up with cow-hair to make 
il cohere; the whole, being a third cullis, is gently 
poured on the model, and fills exactly all the sinuosities 
of the figures, and this is repeated till the whole is two 
lines in thickness upon the model ; when these layers 
are properly dried they cover it with a second of the 
same matter, but somewhat thicker than those previ- 
ously laid on ; the compasses are now tried, and a fire 
is lighted in the core, so as to melt off the wax of the 
inscription, &c. ; after which the layers of the shell are 
proceeded in by means of the compasses. There is now 
to be added to the composition a quantity of hemp, 
which is spread upon the layers and afterwards 
smoothed upon the board of the compasses. The shell 
varies from four to five inches lower than the mill-stone 
before observed, hut surrounds it quite close, and pre- 
vents the extravasation of the metal. The wax should 
be taken out before melting the metal. The case of the 
bell requires a separate work, which is done during 
the drying of the several incrustations of the cements. 
Jt has seven rings ; the last is called the bridge, and 
united to the others, it being a perpendicular support to 
strengthen the curves. It has an aperture at its top to 
admit an iron peg and bent at its bottom, and this is 
introduced into two holes in the beam fastened with 
two strong iron keys. The rings are modelled with 
masses of beaten earth, that are dried in the fire 
in order , to havejthem hollow. The rings arc gently 
pressed upon p layer of earth, and cow-hair to about 
one-half of their depth and tlten taken out, and care 
should be taken not to break the mould. This operation 
is repeated twelve times for twelve half moulds, that is, I 
two and two united make the hollow of the six rings ; 
the same is done for the hollow of the bridge. They 
are all united together upon the open place left for the 
.coals to be put, into the oven. The rings which are to 
form the ears are put first into this open place, with the 
iron ring to support thp clapper of the bell. After 
which a round cake of clay is made to fill up the dia- 
meter of the thickness of the core. This cake after 
having been baked is placed upon the opening, and 
fastened .by a thin, mortar spread over it, which 
binds the cover close to the core. The hollow of the 
mould is filled with an earth sufficiently moist to fix 
itself on the place which is strewed at several times 
upon jthe cover of the core; it is then beaten gently with 
a pestle, and afterwards smoothed by a workman at 
top with a wooden trowel dipped in water. Upon this 
cover, which is afterwards to be taken pff, is assembled 
the hollow of the rings ; and when every thing is in its 
proper place, the outside of the hollows are strength- 
ened with mortar, in order to bind them to the bridge 
and keep them steady, and at the bottom by means of 
a Cake of the same mortar, and. which fills up the whole 
aperture of the shell. This is left to dry, that it may 
afterward be removed without breaking. To make 


room for the heated metal, the rings aro taken oat of the 
hollows in the mould, as it is in these hollows that the 
metal is to pass as it enters into the voids in the mould. 
The shell being thus unloaded of its rings, the mill-stone 
is arranged by having placed under it five or six pieces of 
wood of abopt two feet long;) and thick enough to reach 
almost to the lower part of the shell; between these aud 
the mould wooden wedges are driven, in order to shake 
the shell from off the model, so as to be pulled away and 
removed up out of the pit. When this and the wax 
are removed, the model and layer of earth are arranged 
for the founding, as it is through these the melted metal 
must pass into the hollows made by the rings, and which 
are between the shell and core. The inside of the shell 
is last of all dried by burning straw under it, this helps 
to smooth the surface of the bell. The shell is put in 
the place so as to leave the same interval between it and 
the core as was before ; and before the hollows of the 
rings on the cap are put on again two vents are made, 
which are united to the rings, and also to each other, 
by a mass of baked cement ; after which this mass of 
the Cap is put on, the rings and thevent over the bell 
are soldered to the cap by cement ; which is dried 
by gradual heat by covering it with burning coals. S9 
| much having been done, the pit surrounding the whole 
| is filled up w ith earth, being pressed strongly all the 
| time of putting in close round the mould. 

The furnace has a place for the fire and another to 
contain the metal ; the fire-place has a large chimney 
with a spacious ash-hole. The furnace which contains 
the metal is vaulted, and its bottom is made of earth 
rammed down, the rest is built of brick-work. It has 
four apertures, the first of which admits the flame pro- - 
jected by the fire to reverberate, the second is closed 
by a stopple, which is opened for the metal to run 
through ; the other two are to separate the dross and 
scoriae by allowing the attendant of the furuace to in- 
troduce a wooden rake through it for the purpose. 
These apertures also pass the thick smoke. The ground 
or floor of the furnace is built sloping for the metal to 
run down. When the metal is fused and ready to fill 
the shell, which should be examined miuutely in eveiy 
part to see if it be dry and ready to receive it ; when all 
is deemed ready, the metal is suffered to run into the 
shell by the apertures prepared to admit it, after which 
it is allowed to fix and cool. It is then taken out, ex- 
amined, and cleaned, in a similar manner to what has 
been before explained for brass and bronze castings. 
The sound of a bell is said to arise from the vibrations 
of its parts much like that of a musical chord. The 
stroke of the clapper, it is evident, must change its 
figure, which if round make it oval ; but the 'metal 
having a degree of elasticity, that part which the stroke 
drives farthest from the centre will fly back again, and 
this even for a time somewhat nearer the ceqtre than it 
was before, so that the two points which before were 
the extremes of the longer diameter now become those 
of the shorter ; thus the circumference of the bell un- 
dergoes alternate changes of figure, and by that means 
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gives dist tr6ndodi> motion to the tif of which sound 
consists. M. Perault remarks, “ that the sound of the 
Same bell or chord is a compound of the sound of the 
several parts, so that were the parts homogeneous and 
tiie dimensions of the figure uniform, there would be 
such a perfect mixture of all their sounds as constitutes 
one uniform, smooth and even sound, and the contrary 
circumstances produce harshness. This he proves from 
the bell differing in time according to the part which is 
striken, and yet strike it any where there is a motion of 
all the parts. He therefore considers bells as compos- 
ed of an infinite number of rings, which according to 
the different dimensions have different tones, as chords 
of different lengths have, and when struck the vibrating 
parts immediately stricken determine die tone ; being 
supported by a sufficient number of consonant tones in 
die other part. M. Hawksbee has found that the sound 
of a bell ’stricken under water is one-fourth deeper than 
when in the air, though Mersunnus says, " it is the 
eame pitch in both states. 9 Bells are observed to be 
beard farther when suspended in plains than on hills, and 
still farther in valleys than oil plains — the reason of 
which it will not be difficult to assign, if it be considered 
that die higher the sonorous body is the rarer is its 
medium, consequently the less impulse it receives, and 
the less propel vehicle it has to convey h to adistance. 

Bells nave been cast of euormous dimensions, and 
nations seem in some measure to have vied with one 
another on this subject. The Continent abounds with 
laige bells. In China also there are many of uncom- 
mon proportions, and we have among ourselves several, 
but the largest in the world is at Moscow, buried in a 
awamp from its weight, having overset the tower in 
which it was suspended. Clark, in his travels, says, 
die numberless bells of Moscow continue to ring 
duriog the whole Easter week tinkling and tolling with- 
out auy harmony or order. The large bell near the 
cathedral is only used on important occasions, and yields 
the finest and most solemn tone I ever heard. When 
it sounds, a deep and hollow murmur vibrates all over 
Moscow, like the fullest and lowest tones of a vast 
oigan, or. the rolling of distant thunder. This bell is 
suspended in a tower called the Belfiy of St. Isan, 
beneath others which though of less size are enormous. 
It is forty feet nine inches in circumference, sixteen inches 
and a half thick, and it weighs more than fifty-seven 
• tons. The great bell of Moscow, known to be the 
largest ever founded, is in a deep pit in the midst of 
the Kremlin. The history of its fall is a fable, and as 
writers continue to copy each other the story continues- 
to be propagated* The fact is the bell remains in the 
place where it was originally cast ; it never was sus- 
pended, The Russians might as well attempt to sus- 
pend a first-rate line of battle ship with all its guns 
and stores. A fire took place in the Kremlin, the flames 
of which caught the budding erected over the pit in 
which the bell yet remained ; m consequence of this the 
metal became hot, and water thrown to extinguish the fire 
fell qpon the bell, causing the fracture which has taken 


place. It reaches from the bottom of ike ctve where 
it lays to the roof. The entrance to the cave is by a 
trap-door placed even with the surface of the earth. 
We (Messrs. Clark and Cripps) found the step# very 
dangerous, some of them were wanting and others 
broken, which occasioned me a severe foil down to the 
extent of the whole first flight, and a narrow escape for 
my life in not being dashed upon the bell. In conse- 
quence of this accident a sentinel was stationed after- 
wards at the trap-door, to prevent people becoming 
victims to their curiosity. He might have been as 
well employed in mending the steps, as in waking 
all day to say they were broken. The bell is truly a 
mountain of metal ; they relate that k contains a very 
huge proportion of gold and silver ; for that while it was 
in fusion, the nobles and the people cast m as votive offer- 
ings their plate and money. It is permitted to doubt 
the troth of traditionary tales, particularly in Russia, 
where people are much disposed* to relate what they 
have heard without once reflecting on its probability. I 
endeavoured m vain to assay a small part. The natives 
regard it with superstitious veneration, and they would 
not allow even a gram to be filed off ; at die same time 
it may be said the compound has a white shining ap- 
pearance unlike bell-metal in general. And perhaps its 
silvery appearance has strengthened, if not given vise to a 
conjecture respecting the richness of its materials. On 
festival days the peasants visit the beH as they would a 
church, considering k an act of devotion; and they 
cross themselves as they descend and ascend the steps 
leading to the belL The bottom of the pit is covered 
by water, mud, and large pieces of timber, which, 
added to the darkness, render it always an unpleasant 
and unwholesome place, in addition to the danger aris- 
ing from the steps which lead to the bottom. X went 
frequently there in order to ascertain the dimensions of 
the bell with exactness. To my great surprise, during 
one of those visits h^lf a dozen Russian officers whom I 
found in the pit, agreed to assist me in the admeasure- 
ment : it so nearly agreed with the account published 
by Jonas Han way that the difference is not worth 
notice : tins is somewhat remarkable, considering the 
difficulty of exactly measuring what is partly buried in 
the earth, and the circumference of which is not en- 
tire. No one, I believe, has yet ascertained the size 
of the lower rim of the bell, which would afford still 
greater dimensions than those we obtained, but it is 
entirely buried in the earth; about ten persons were pre- 
sent when I admeasured the part which remains ex- 
posed to observation ; we applied a strong cord dose 
to the metal in all parts of ks periphery, and round foe 
tower part where k touched the ground, taking care at 
the same time not to stretch the cord. From the piece 
of the bell broken off, it was ascertained that we had 
thus measured within two feet of its lower extremity. 
The circumference obtained was sixty-seven feet five 
inches, which allows a diameter of twenty-two feet five 
inches and one-third. We then took the perpendicular 
height from foe top of foe beH, and found it correspond 
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exactly with the statement made by J. Hanway, viz. 
twenty-one feet four inches and a half. In the stoutest 
part, that in which it should have received the blow of 
the clapper its thickness equalled twenty-three inches : 
we were enabled to ascertain this by placing our hands 
under water where the fracture had taken place, which 
is about seven feet high from the top of the bell. The 
weight of this enormous mass of metal has been com- 
puted to be 443,772lbs., which if valued at 3s. per 
pound, amounts to 66,5651. 16s. lying unemployed and 
of no use to any one # . It is reported to have been cast 
during the reign of the Empress Anne. 

The foundiug of Types is so nearly allied to printing 
that it is almost impossible to trace the former through 
its progress without saying something of the latter : 
they are together the noblest invention that was ever 
achieved by man, whether if considered as adapted to 
meliorate our condition, or elevate, us to that rank as 
intellectual beings for which we were intended by our 
Creator. — Printing has pre-eminently contributed to 
promote this. — It has also humanized our nature by 
turning the mind to higher enjoyments than those to be 
derived by mere animal exertion. — By printing, as con- 
nected with rational governments, public liberty has 
been secured, and its maxims taught through its facili- 
ties. What the ancient orators did by frequently ad- 
dressing the people, we do by a much more compen- 
dious mode, viz. through the Liberty of the Press. 
Through printing many have been found to be oracles, 
which but for it would never have been known, and 
consequently society would have lost the talents of 
some of its most brilliant members. Printing 
cannot be thought too much of ; its importance is so 
obvious and necessary, that if one thing is more likely 
than another to keep off an age of darkness from ever 
again surrounding us it will be printing. — If the ancient 
nations had been enabled to print, the multitude would 
have been more enlightened. Hence there would have 
been more equality, and the power of dazzling by words, 
allowed to the few, must have stood the test of being 
examined as things, a privilege belonging to the mo- 
derns derived alone from printing. The progress of 
philosophy is entirely owing to the facilities in this art, 
in as much as it has registered its advances in a medium 
always to be consulted, and of course always open to be 
improved. The arts, religion, and law are dependent 
upon it; a large library is an epitome at once exhibiting 
the joint labours of genius here the reflecting mind 
may estimate, and that truly, the importance of type- 
making and also printing, because in it are to be found 
registered by their joint aid the powers of man, how- 
ever directed. 

The invention of types is supposed to have taken 
place at Mentz, about the beginning of the fourteenth 
century. They were first formed of beecUen-wood, 
which not being calculated for much wear were soon 

.• It is not improbable bnt this may be corrected by the present 
inhabitants of the Kremlin and of Moscow. The French are too 
expert at removals, and too eager for plunder, to neglect the great 
bail at Moscow, if it be good for any thing. 


laid aside, and improved by being cut in metal. Lau- 
nentius had the honour of this latter invention : however 
the cut-metal types were tedious in making, hence they 
were soon succeeded by founding. Theodositis Martin 
brought some of these latter kind of types into Holland 
from Strasbourg in 1472, and many books were there 
printed with them. From this time, and from Holland 
being a country of great resort for foreigners, they 
were exported from thence to most of the principal 
towns in Europe. In 1490 they were sent to Con- 
stantinople, by the middle of the next century to 
Africa and America, and to Russia in 1560; but from 
motives either of policy or superstition they were there 
destroyed as soon as their powers were made known* 
The first types used in England were at Oxford about 
the middle of the fourteenth century. Thomas Bou- 
cheir petitioned Henry VI. for this purpose, who 
granted his petition, and a press was put up at Oxford, 
worked by types brought from Holland. Caxton, who 
had been much in the Low Countries and Holland, 
bad studied and made himself fully master of the busi- 
ness of using types, and when he came back to Eng- 
land established printing-presses: and as Caxton’s books 
were more numerous than Bouchier’s, to him generally 
has been given the honour of introducing printing in 
England. Caxton’s press began to work in 1471, at 
least nothing was done by him before that date is 
known; whereas there is a book still at Cambridge 
with the date of its impression from Bouchier’s press 
at Oxford, anno 1468. The existence of this book has 
robbed Caxton of the glory he had long possessed of 
being the author of printing in this kingdom. 

From this time may be dated the power of England : 
those who thought it no distinction to be able to read 
before, now became ashamed at seeing a book con- 
taining that which formed the motive to conversation 
among a few priests beyond their ability to understand ; 
hence the introduction of schools and seminaries, some 
of which were established by the royal authority. — To 
be able to read was the first effort, for very few were so 
at this time. As the rudiments of education became 
improved, books were multiplied and printing en' 
couraged; and this progress has been gradually de- 
veloping itself up to the present period. But a few 
centuries ago, so great was the distinction given to 
those who were enabled to read, that an education was 
supposed to be finished by having accomplished it; to 
write also was by no means thought necessary, and waft 
left to be done by a very few. The education of the 
women was much neglected until within the last century ; 
as knowledge was thought to be necessary only to the men. 

* But for the cutting of types and printing, Europe 
might have remained to be governed by popes and car- 
dinals : by their means alone the politics of snch go- 
vernors were exhibited, known, and execrated. Types 
continued to be cast with very few improvements, ex- 
cepting those which have arisen from out of the change 
iu the shape of the letters, till the beginning of the se- 
venteenth century. Wm. Caslou set up a foundry for 
4 Y types 
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types in 1720, where more ingenuity was employed 
than had been done previously. But nevertheless there 
was but little effected in the bolder parts of this art ; if 
we except some attempts made by BaskervHle of Bir- 
mingham. Messrs. Fry and Son, about the year 1764, 
established their foundry, adopting BaskerviHe’s me- 
thod; but after some fruitless attempts to carry it into 
effect, found it necessary to re-cut the whole of the 
letters so founded on the Caslon plan. Mr. Jackson 
who had served his apprenticeship with Caslon, began 
business by the direction of Mr. Bowyer, about 1770, 
and cut some very extraordinary and beautiful types. He 
also cut a new Arabic type for Richardson’s Dictionary 
of that language, as well as a copy of the Alexandrian 
Testament for Dr. Woide, which is now in the Museum. 
He invented a method of founding the large types by a 
mould and matrix which had previously been cast in 
sand. In 1784 there was an attempt made to establish 
a foundry, by an ingenious gentleman of the name of 
Stephenson, at which much talent was displayed in all 
the detail of the art; but it not answering his purpose 
be gave it up, and the moulds and matrixes were dis- 
posed of. About this time (1792) Mr. V. Figgios, 
who had been long known as possessing considerable 
taste in all the higher departments of tb» art, was en- 
couraged by Mr. Nichols to employ it on his own 
account. His first production was that type from 
which Bowyer got up that splendid edition of Hume’s 
England, said to have been twelve years in printing. 
He also, under the direction of Sir William Ousely, 
produced a Persian type, never before attempted in Eng- 
land ; from which, and many olher works, such as good 
Greek, Hebrew, 8tc., he has established his fame as a 
founder in this art much to his credit and reputation. — 
About 1799 Mr. Thorn began his foundry, and pro- 
duced some fine specimens ;— bat the great change in 
letter founding, which has given rise to all the elegant 
types with which our books are now printed, took place 
about 1800, by the enterprise of Messrs. Caslon and 
Catherwood ; they set about re-cutting and improving 
the whole business. Their first attempt embraced the 
Italic character, to which they gave a more elegant 
shape by making the fine strokes of such characters 
more clear and chaste than had hitherto been done. 
This improvement they extended to the other types by 
making their down strokes very thick and their up ones 
clear and fine. This change at first fascinated the 
booksellers, but k has been found since very much to 
hurt the sight, and for which it is now rejected: 
these kind of types were called technically fat-faced. 
This alteration in the shape of the type gave life to 
type-founding, inasmuch as the other principal founders 
saw themselves about to be left behind and superseded, 
unless they produced their work equally adapted to the 
fashion then brought into vogue for using fine types. 
Hence the rivalship of Fry, Figgins, and Thorn, who 
were soon upon equal terms with their opponents Cas- 
lon and Catherwood, in consequence of which the art 


has unproved in a very great degree, and particularly 
in the larger sized letters. 

The business of a letter founder or cutter, as it is 
now followed, 1 consists of the following particulars, viz. 
he should be provided with a vice, hand-vice, ham- 
mers, and files of all sorts, similar to those made use 
of by watch-makers, and suitable to the several letters 
to be cut; in addition to which he will require a flat- 
gauge made of box to hold a rod of steel on the body 
of the mould, and fitted exactly perpendicular to the 
flat of a file. A sliding gauge, the use of which is to 
measure and set off . the distances between the shoulder 
and the tooth, and to mark it off from the end or edge 
of the work. A face gauge, which is a square notch 
cut with a file into the edge of a thin plate of steel, 
iron, or brass of the thickness of a sixpence only, and 
which is used for proportioning the face of each sort 
of letter ; viz. long letters, ascending letters, and short 
letters : there must be three gauges, one of which, for 
the long letters, is the length of the whole body, and 
supposed to be divided into forty-two equal parts; the 
gauge for the ascending letters, either Roman or Italic, 
are five-sevenths or thirty parts of forty-two, and 
thirty-three parts for the English face. The gauge for 
the short letters is three-sevenths, or eighteen parts of 
forty-two of the whole body, and for the Roman and 
Italic twenty-two parts of the English face. The 
Italic or other standing gauges are to measure the scope 
of the Italic stems, by applying the top and bottom of 
the gauge to the top and bottom lines of the letters, and 
the other side of the gauge to the stem of the letter, for 
when the letter complies with these three sides of the 
gauge that letter has its true shape. The next care of 
the letter cutter is to prepare himself with good steel 
punches, well tempered, and quite free from vents or 
veins, on the face of which he draws the exact shaped 
the letter with pen and ink, if the letter be large, or 
with a smooth blunted point of a 'needle if it be small ; 
and then with sizeable and properly shaped and 
pointed gravers, with which he digs or sculptures out 
the steel between the strokes or marks be has previously 
made on the face of the punch, and which he leaves 
standing. Having well shaped the inside strokes of his 
letter, he deepens the hollows with the same tools: for 
if a letter be not deep in proportion to its width, it will 
when used at press print black and be good for noth rig. 
This work is generally regulated by the depth of the 
couuter part; these are worked on the outride with pro- 
per tools and files till k be fit for the matrix. But be- 
fore we proceed to the sinking and justifying of the 
matrixes, as they are called, a mould must be provided 
for the purpose. Every mould is composed of an 
upper and under part. The upper part is in all re- 
spects made like the under part, excepting the addition 
of a stool behind the latter connected with a bow an^ 
spring. It has a small round wire between the body 
and carriage near the break, where the under part hath 
a small rounding or groove made in its body. This wire, 
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or rather half wire, in the upper part makes the staking 
in die shank of the letter, when part of it is received 
into the groove in the nnder part; their two parts are 
exactly fitted, by being gauged into one another, viz. 
the male gauge into the female gauge, that when die 
tipper part of die mould is properly placed on, and in 
die under part of the mould, both together make the 
entire mould, and it may be slidden backwards for 
use, so far that the edges of either of the bodies on the j 
middle of either carriage comes just to the edge of die 
female gauge as it is in each carnage ; and they may be 
slidden forwards so far that the bodies of either carriage 
may touch each other, and die sliding of these two 
parts of the mould backwards makes the shank of the 
letter thicker, because the bodies in each part stand 
wider asunder, and the sliding them forwards makes the 
shank of the letter thinner by the bodies on each part of 
the mould coming closer together. The parts deno- 
minated the mould consist of the carriage body, male- 
gauge, mouth-piece, register, female-gauge, hag and 
bottom-plates, and a piece of wood on which lies die 
bottom-plate, also die mouth, throat, pallet, nick, 
stool, spring, bow, &c. Having proceeded so for, 
the mould must be justified as it is called, and which is 
done by first justifying the body, which consists in cast- 
ing about twenty proofs or samples of the letters, 
which are all set in a composing stick with their nicks 
towards the right hand ; after which, by comparing 
these with the pattern letters set up in die same ma- 
chine, die exact measure of the body to be cast is seen. 
The caster now tries if the two sides of the body are 
parallel, or that the body be no bigger at the head than 
at die foot ; and this he does by taking the number of 
bis proofs, and turning them with their heads to the 
feetof the other half, and if then the heads and feet be 
found exactly even upon each other, and neither to 
drive out or to get in, the two sides are deemed to be 
parallel. He farther tries whether the two sides of the 
thickness of the letters be parallel by setting the proofs 
in the composing stick with their nicks upwards, and 
then turning one half with their heads to their feet of the 
other half ; and if the heads and feet be exacdy on each 
other, and neither drive out nor get in, the two sides 
of die thickness are considered as parallel. The mould 
thus justified, the next business is to prepare the ma- 
trixes. A matrix is a piece of brass or copper of 
about one and a half inch long, and of a thickness in 
proportion to the size of die letter it is intended to Con- 
tain. In this metal matrix is sunk the face of the 
letter intended to be cast, and which is done by striking 
in the letter punch a small way ; after which the sides 
and face of the matrix must be justified or proved, and 
cleaned with files to get rid of all bunching made by the 
sinking of the punch. Every thing being thus prepared, 
it is brought to the furnace, which id built of bricks up- 
right and with four square sides. The stove for the fuel 
and metal being at the top, a round hole is made for 
the pan to contain the metal, and which is put into a 
stone hollowed out to receive it* Foundiys of conse- 


quent* have several of these kinds of furnaces attached 
to them. 

The metal of which the types are to be cast is gene~ 
nerally prepared in large quantities by being fused and 
run into bars of about SO lb. each; these are cut and 
delivered to the workmen in such quantities as are re* 
quired for the castings he is about to perform. 

There are in use among the type founders of the 
present day about twenty different sizes of types, all 
of which are cast in moulds and matrixes ; besides 
about ten more which are usually cast from patterns ta 
sand; however, the preference being given by the 
founders to moulds and matrixes, they are now be- 
ginning to cast these latter letters in that way also. To 
give a tolerably correct idea of the various sized types 
now made use of, we shall add the number and size of 
the lines each will make ia afoot, and accompany diem 
by their present prices at per pound. The types are 
known by the following designations, viz. 


TABLE. 


No. of Lines. 


i. 

4. 

I The Diamond of - 204 1 6 each foot, per lb. 

13 

0 

Pearl - - - 178 — — 

— — — 

8 

6 

Nonpareil - - 143 

— 

7 

6 

Minion - - 128 

— — — 

5 

6 

Brevier - - 112{ — — 

. — 

4 

6 

Bourgeois - - 102 

— . 

4 

0 

Long Primer 89 

— — — 

S 

4 

Small Pica - 83 — — 

— 

2 

10 

Pica --- 7U 

_ 

2 

10 

English - - 64 

• — 

2 

10 

Great Primer 51 

— _ — 

2 

6 

Paragon - - 44f 

— — ■ — 

2 

6 

Double Pica - 41£ — — 

— 

2 

6 

1 Two-line Pica 35 J 

— 

2 

4 

Two-line English 32 

' — 

2 

4 

2-line Gt. Primer 2 

y ' _ 

2 

4 

2-line Double Pica 20 j 

— : — . — 

2 

4 

Cannons - - 18 

— 

2 

2 

Four-line Pica 1?I 

— , 

2 

2 

Five-line Pica 14* 

— 

2 

2 


The Hebrew, Greek* and all oriental characters 
are charged for at double prices. The' large sized let- 
ters are those which are usually cast in sand; called 
“ sand-letters;” they are divided and charged as follows, 
viz. 6, 7, 8, 9, 10, II, 19, 14, 16, 18 lines Pica at *s. 
per lb* The method adopted in casting the smaller 
types from Diamond to Five-line Pica is by the punch, 
which is formed of steel, with some letter of brass, with itt 
outside edge boarded for the purpose of holding it more 
conveniently by the circular-spring, which is s6 fixed 
as to keep the matrix in ks right place ; and which is 
of a size so as to be easily held in the hand ; this forms 
the mould of the body or shank of the type, and is 
adapted to cast every letter, figure and point, with die 
alteration of changing of what is termed the matrix. 
There is a very great accuracy required in die mould 
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and matrix of the type founder, and this will appear 
very obvious, if it be considered how many thousands of 
little types are placed together even in a common 
newspaper. To make a matrix, the letter must be cut 
first on steel, which is brought to so soft a state as to be 
easily cut with a graver. Some founders prefer striking 
the inside openings of the letter with another punch, 
and which they call the counter-punch : the .outside 
tsare then filed up with files suited to the purpose, 
is operation is a very delicate part of the work, and 
will require the greatest care and expertness, keeping 
iu view at the same time the following particulars, viz. 
that the letter about to be cut should be as clear as it 
is possible to mpke it, and no uneven parts left by the 
graver or the file, but so finished, that however hard 
the impression may be, nothing but the face of the 
type should be allowed to print. The letters should 
also be of the same gauge' or size, so as to range even 
both at the top and bottom ; for without it, the beauty 
of die printing would be spoiled ; and farther, if some 
of the letters should appear hunger or smaller than 
others, it would be liable to a similar objection. The 
m is generally the first cut, and with the assistance of a 
gauge ; all the other letters are cut so as to correspond 
to it. The letter cutter must also take care that his new 
letters have all the same proportions, and that the 
down or fat strokes be quite uniform. When the 
punch is ready, and it is esteemed so by being first 
hardened and tempered : it is struck a given depth into 
a piece of' oblong square copper, which is previously 
prepared on one side by being burnished, this is the 
matrix; after which it is put into the hands of the jus- 
tifier, to be so adjusted that all the types that are to be 
cast in it may range or line with the other letters of the 
same fount. If it happen that they be Roman letters 
they must so stand as to be perfectly upright, and if 
Italics all preserve the same inclination, standing at the 
same time compact and at proper and equal distances 
from each other. The justiner has it not in his 
power to alter or amend the face of the letter, it will 
remain as it was originally cut; his business being 
only to put the matrix into such a state as that it may 
cast fac-similes of the letters punched. Sometimes 
when the letter is first struck, it may Uim out to be 
too thick, and would stand so, m m a m ; in which 
case he files it away from the sides of the matrix, and 
again tries it, and continues to file it till it be brought 
so as to stand, uimara. Nothing is more unpleasant 
than to see the types in printing stand as though some- 
thing was to go between them, and perhaps others 
crowded together so close as almost to touch. In a 
well executed fount every word, though it may be 
made up of separate types should present one whole and 
uniform piece. Great care, patience, and skill are 
necessary in this part of letter-founding. It is possible 
that a very indifferent cut fount may by good justifica- 
tion make a respectable appearance in print, whereas die 
best if badly justified would not be tolerable. The 
mould and the set of matrixes being quite ready they 


are consigned to the hand of the caster, who is 
previously provided with a platform to stand upon, and 
which is raised up about three feet from the floor, and 
also with a furnace as before described ; he has a bench 
too on which he puts his work, and a board standing up 
before him to keep off the melted metal from scalding 
him while casting. After all is so far ready, his first 
business is to try the matrix of the letter he is going to 
cast, in, for instance, comes first in the mould ; he be- 
gins by taking up the mould in his left hand, and with 
his right puts up the circular spring to keep die matrix 
close up to the face of the mould, and then with a 
small ladle adapted to the size of the work, he takes 
from out of the pan on the furnace" as much metal as 
will fill die mould, and at the same instant that he turns 
the metal from out of the ladle into the mouth of it, he 
throws up his hand in which is held the mould with a 
sudden jerk or shake, thus he forces the melted metal 
down into the face of the matrix. The expertness with 
which this shake is performed, constitutes a good or 
bad caster ; for if it be not performed so that the ma- 
trix and mould by the jerk are forced down against the 
metal, it is likely to turn out a bad letter. After the 
letter is cast, he releases the spring and takes the face 
of the type from the matrix, and which is done by 
pressing the thumb of his right hand against the top of 
the matrix ; and then he picks out the type and goes* on 
again with the casting. 

In the casting of every type there are five distinct ope- 
rations to be performed; for instance, 1st. to put up 
the spring; 2d. to run in the metal and make the jerk; 
3d. to release the spring ; 4th. to deliver the face; 5th. 
to open the mould and pick out the type : these are &U 
distinctly performed at the manufacture of every letter, 
and so conveniently is the apparatus for doing them 
formed, that an expert caster can on an average make 
from six to seven thousand letters per day. When a 
caster has cast as many letter^ as are wanted of the same 
mould, he exchanges the matrix for another, and clears 
away the other letters from his bench or table ; a boy, 
called a breaking-off boy, is then employed to take off the 
break or rim of the letter ; this he does with such expe- 
dition that some boys will break off five or six thousand 
in an hour ; when he has taken off all the breaks he re- 
turns them to the caster to be remelted and recast into 
other types. From the breaking-off boy the new types 
are put into the hands of the rubber, to have their rag 
or beer as it is called removed, and which is done so 
as to allow the letters to be afterwards placed even and 
regular. The rubber does this by rubbing the two flat 
sides of the type only, taking it up by his right hand 
and placing its face uppermost between his two fore 
fingers ; he afterwards rubs it backwards and forwards, 
he then turns it at the edge of the thumb of liis right 
hand and rubs its other side also on the same stone, 
dropping the types as fast as so rubbed into his apron, 
which being tied round him, and put under the stone 
forms a cup to receive the rubbed types. The rubbing 
is performed with great rapidity by an experienced 

rubber, 



Digitized by ooQie 



POUNDING. 


rubber, as he can do from twenty to twenty-five thousand 
a day. 

There are some kinds of letters that never come into 
die bands of the rubber, and these consist of the Italic 
ffy fi* fl> ffit ffl* with some of the Roman also; time 
are f, j, ff. The letters called kerned of the Italic cha- 
racter are nevertheless an exception, as they will be re- 
quired to be rubbed on one side only ; these letters are 
d 9 g y j, p, &c. The kerned letters are afterwards put 
into the hand of the kerner to kern, which he per- 
forms by fixing a file into the edge of his bench by its 
shank, after which he lays with bis right-hand the 
type obliouely on the file, so that the kern shall hang 
over it ; men with his thumb on the type and his fore- 
finger under the file he forces it up, and then drawing 
it down again drops it into his lap as the rubber does. 
When he has so kerned all the types requiring to be 
done he lays them all singly on a stick called the 
kerning stick ; after which a knife is used to cut away 
that part of the swell of the type which would otherwise 
prevent its laying close to the one which is to follow it. 
This part of the work is tediou^r and the most expert 
hand at it cannot do more than from five to six thousand 
a day. The types thus rubbed and kerned are to be 
taken by a boy Who is called a setting-up boy. His bu- 
siness is to arrange them with the nicks and faces, 
which be does on sticks about two feet six inches in 
length. This is performed very rapidly, as a boy will 
place from twenty-five to thirty thousand a day. They 
are now to be consigned to the hand of the dresser or 
finisher, whose business is to smooth the two sides 
(or as it is techically termed the back and nick of the 
types) which the rubbing had not done, and also to 
make even tbe foot of the type where the run was broken 
off after' casting, and to takeout all the bad types that had 
foiled in die casting, or had been spoiled in some of the 
subsequent finishings. It will be difficult to convey a 
complete idea of the mode of dressing types, but we 
will attempt it. The types are, as before stated, ar- 
ranged on sticks. The dresser is provided with what is 
called, a bed, which is fastened down on his bench. 
It consists of a square piece of mahogany or oak of 
about two feet four inches long, one foot wide, and four 
inches and a half in thickness ; this is hollowed out to 
the depth of one inch and three quarters, and tapering 
in its width from seven inches at one end to six inches 
at the other. In this hollow are placed the blocks, 
in which the types are put with their feet upwards, 
for the purpose of planing off the roughness which 
had been left by the break and run. 

The blocks on which the letters are dressed are made 
of good seasoned keechen wopd, and in two parts, each 
of which is about one foot ten inches in length and one 
inch and three quarters square. One of them is provid- 
ed with a tongue, and the other with a groove to 
receive it. The types are placed with their faces 
downwards on the tongue in the block; after which die 
two blocks are wedged together, tbe part of the tongue 
met occupied by die types entering the groove in the 
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other block, which completely secures them to the 
blocks and bed. By this means five or six hundred 
types are firmly fixed, and ready to be planed ; which is 
done by using a plane with a tongue of iron that 
moves in a groove cut in the upper square of the 
block, and parallel with the type in it, and so worked 
as just to plane out the breaks of the letters ; after 
which the types are loosened from the blocks and taken 
out and laid upon a stick, and then with a knife having 
two edgdk rather concave inwards, made by grinding it 
so, first one side of the letter is scraped and then the 
other. The dresser afterwards tries them, to detect the 
errors, if any have been made by the iustifiers or casters, 
and then with a glass picks out all tne imperfect types. 
When so much is done, they are given into the bands of 
a telling and passing boy. He counts out for the multi- 
plied purpose of paying the several distinct hands which 
have been employed on the types, such as the caster, 
breaking off boy, rubbers, kerners, and setting-up boy, 
and who are all paid by the piece at so much a thou- 
sand. An expert caster cannot get more than 30s. per 
week, and the other persons employed in and about 
the letter foundry in the same proportion. 

The letter caster has also a duty to perform not yet 
mentioned, which consists in his seeing that the fount be 
caSt regular, and that the letters keep their due propor- 
tions; and the necessity of due attention being paid 
to this must be more or less obvious to every English 
reader, inasmuch as the number of letters used are 
so very different from each other ; as, for instance, in 
the proportion which e is to 12,000 so it is to 16,000 
of b. The types may now be considered as finished, 
and are to be counted out by a boy in pieces making 
the size of an octavo page, and if not for exportation 
or the country, they are put into a wrapper aud rolled 
up and put by in what is technically called a “ coffin.” 

Besides the making of the types already described, 
there are also required in printing, spaces ; these are 
used to separate the words. Quadrats are also wanted 
to fill up the ends of short lines, 8tc. Of these kind of 
types there are generally cast four sizes, designated by 
the thick, middle, thin, and hair ; of the quadrats, n, 
m, 2 m, 3 m, and 4 m. The thick spaces are in their 
thickness equal to three of the body of the type, the 
middle four, the thin five, and the hair is made as thin as 
it can possibly be cast. Of the quadrats, the n is equal 
to one-half of its body ; the m an exact square of its 
body, and the 2 m equal to two of its body, &c. &c. 
These kind of types are all cast without a matrix, and 
in manner following, viz. by the fixing of a piece of 
copper only on the face of the mould, and not re- 
moving the spring while casting them, which the caster 
is obliged to do in casting the other types. By this 
means he will be enabled to perform in a day almost as 
many more castings of these kinds of type-spaces as He 
can of the letters. 

The metal of the type-founder consists of lead and 
regulus of antimony fused together. It is made of many 
different degrees of hardness by putting different quantities 
4 Z of 
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of each together, and this is regulated by the size of 1 
the types about to be founded with it. For the smallest 
sized types the hardest metal is required, which is 
made of the following proportions, viz. 25 regulus to 75 of 
lead, and for theother sizes sometimes as low as 15 regulus 
to 85 of lead. The method of casting the large sized types 
consists' in punching the letter through a piece of brass, 
and afterwards ri veiling it on a back to form a matrix. 
These, kind of moulds are too laige to be held in the 
caster’s hand for the purpose of founding. The weight 
of the metal being adequate of itself to completely till 
the mould without the shake or jerk had recourse to in 
common casting. These kind of moulds are hung up, 
and the heated metal is poured into them. The largest 
types of all are cast in open sand similar to brass casting, 
already explained under that head. 

The moulds and matrixes of the letter-founder are so 
valuable, that, if lost, nothing could restore them, 
it being a work in collecting them of more time than 
the ordinary life of a man. Hence founders keep their 
matrixes in strong rooms of iron or stone, into which 
they are placed by the superintendent of the foundry as 
soon as done with and every night. 

The mould of the type-founder is composed of two i 
sides framed together, and called the upper and under I 
sides, and formed by preparing two pieces of flat steel 
three inches in length, three-eightlis of an inch in thick- 
ness, and seven-eighths of an inch in width, and this 
last dimension constitutes the length of the body of 
the type ; these together are called the carriages, on 
each of which is fastened down, on their right-hand 
side, another piece of steel, iu length equal to one-half 
of that of the carriage, and is of the same width as the 
carriage, and of a similar thickness to the body of the 
type intended to be founded in die mould. Such pieces 
of steel are called the bodies of the moulds, and are 
fastened down to form it by a screw which is made to 
pass from the under part of the carriage and through its 
body, and also by the block, which is afterwards driven 
downwards through apertures made in both the body 
and carriage, and having above a head in length equal 
to one and a half of that of the body of the car- 
riage. An opening of the same length and width is 
made on the left-hand side of the carriage, which is 
termed the block-notch. The whole is received on 
plates, which are regulated so that their lengths are 
equal to that of the carriage, and their width is two 
inches and three quarters. The carriage and body are 
so fixed as to be almost three-eighths of an inch above 
the bottom of the plate, and are fastened by a short 
screw going quite through the plate, and into the. body 
at a place just behind the block-notch. The other 
opposite end of the carriage is received by flie shank of 
the block, and passes through the plate as well, as the 
body and carriage, which is secured by a screw 
fastened by a nut. Before the body is finally 
fixed down on the carriage, the nicks are placed in it, 
which consist of small pieces of steel; regulated 
both in their size and number by the nicks designed to 


be made in the types. These are all neatly let in 
between the body and the carriage on the upper side 
of the mould. In the body part of the under side there 
are also openings made just to receive the nicks. Above 
the body and carriage is screwed to each plate a piece 
of steel one inch in its length, and turned up a little on 
its inner or right side, and projecting so as to come 
exactly even with the front. This is termed the /ace of 
the mould, through which the metal descends to the 
i type ; the opening to which is sometimes increased by 
I affixing on each side a piece of brass called its mouth- 
piece. On the opposite edges of the carriages and 
bodies are screwed the registers, which consist of 
pins of steel of nearly the length of the body, and stand- 
ing up as high as the blocks : on the underside of winch 
is passed a plate to fix a letter above it, which will 
make it come even with the face of the carriage and its 
body. A piece of steel called the stool is also fixed for 
the matrix to stand on, which is to regulate it to 
the mould and register. Opposite to the stool there is 
a hole made, through which the matrix is to pass. 
After die whole is so far arranged and prepared it is fixed 
on boards to be cast ; to the lowermost of which a 
circular wire spring is fixed, which is so adapted as 
easily to # turn over the stool for the purpose of keeping 
the matrix firmly on it, and also close up against the 
face of the mould. On the top of each of the boards, 
and just opposite the opening where the metal is to be 
poured in, is placed a small piece of wire three inches 
long, rather bent at its upper end, and called “ die 
hag/’ the purpose of which is to allow the caster more 
easily to take the type out of the mould after it is 
founded. 

There has been no improvement of any great im- 
portance in the manufacture of types for the last sixty 
years. The letter-founder’s talent having been more 
directed to improve the face of his letters than the me- 
thod of casting them. There was nevertheless a scheme 
set on foot about five years since by a Mr. White who 
had come frpin America, which had for its olyect the 
enabling the founder to cast a great number of letters 
at one time, we believe thirty or more ; this was 
explained to most of the principal founders, and with 
much plausibility too; although it was by them finally 
rejected, but not without a trial having been previously 
made. About the same time a Mons. Didot proposed 
a plan for a similar object, assisted by Mr. Donkin an 
Engineer. Their machine was intended to abridge the 
labour by performing the whole operation of the work 
by the assistance of a boy only. They erected their 
machine, and invited the founders to see it work, to 
whom they offered the invention. The contrivance is 
generally admitted to be in the highest degree ingenious 
and novel, and very likely eventually to turn out of great 
utility. This invention has how been secured by a pa- 
tent, but it is not yet got into work. Messrs. Caslon 
and Catberwood about three years since obtained a 
patent for an invention of theirs, which had for its 
object to lessen the number of motions required by the 
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common method of casting. Their machine was set in melts, .according, to Mortimer, at 1,301 of Fahrenheit’s 
motion by a small lever placed on the under side of the thermometer, and in melting assumes a bright bluish 
mould, the pressing of which with the thumb released green colour. It expands in the act of fusion, and 
the matrix, and delivered the face ; after which, when consequently contracts while becoming solid more 
the mould was again closed, and the thumb relieved, than most other metals, which renders it less proper 
tbe ynre was re-fixed to the matrix. This invention for castings in moulds. It is, indeed, so soft in its 
was calculated to save labour, and would enable a work- natural, or as it is termed, virgin state, that it is found 
man wbo could cast by the common method 6,000 let- almost incapable of being so used : it is however found, 
ten a day to perform 7,500 by the using of this ma- by fusing it with small proportions of copper and sil- 
chine. There was some practical objections to it, but ver, to become more bard, without losing its colour 
tbe chief was the alarm, of tbe men, who, feared that the or brilliancy. 


other foundry* might be induced to adopt it, in 
case of which their wages might be reduced. From 
the temper manifested by the men on tbe occasion it has 
now been laid aside. It is rather surprising, amidst the 
numerous improvements that are daily developing them- 
selves, that none of the founders have produced either a 
script or musical type, at least one worthy of public 
notice : the first attempt at which was made by Mr. H . 
Fought in 1768, but it was never brought into general 
use. In 1784 one was cut under the direction of Dr. 
Arnold ; it turned out, however, of too complex a na- 
ture, and was consequently but little used. A good 
type of this description might be considered a desidera- 
tum in typography, and were such an one to be executed 
in a manner becoming the genius of the times in which 
we live, it would tend veiy much to improve the taste 
as well as reduce (be price of all musical compositions; 
a circumstance of no small importance, if it be consi- 
dered how generally a taste for music is now cultivated. 

Precious Metals. 

Gold and silver, in as far as they are connected with 
founding, are, in comparison with the other metals, 
very little employed : excepting it be in the first in- 
stance, when they are run into bars or ingots. They 
are each perfectly homogeneous, from whatever mines 
they may have been taken ; these metals are likewise 
malleable aud divisible into the most minute propor- 
tions, and from their scarcity, and consequent high | 
price, they become not tpo bulky for the common pur- j 
poses of commerce : hence they have been employed 
from the earliest date as the medium of exchange be- 
tween one nation and another, and they continue to be 
so employed up to the present time. The chemists say 
of gold that in colour it is au orange red, or a reddish 
yellow, and that it has no perceptible taste or smell, 
and bears a most brilliant lustre ; it is in hardness equal 
only to &£, and of a specific gravity 19:3.* No other 
substance is equal to it in ductility or malleability ; it 
may be beaten out into leaves so thin, that one grain will 
cover 56 j square inches* An ounce of gold upon a silver 
wire is capable of being extended to more than 1,300 
miles in length, and a wire wholly of gold of 0,078 
of an inch in diameter is capable of supporting a weight 
of 150/)? pounds avoirdupoise without breaking. It 

* Distilled water being reckoned its unity. 


The Romans, according to Pancton, were the first 
who taught the art of alloying or mixing baser metals 
with their gold, which he stigmatizes as criminal.—* 
Pliny says (lib. xxxiii. ch. 3.) that they mixed in the 
proportion of one-eighth alloy with their silver. “ Li- 
vius Drusus in tribuna ta plebis Octavain partem arris 
argento miscuit.” Goldsmiths usually announce the 
purity of the gold which they sell as follows,* viz. 
pure or virgin gold they suppose divided into £4 parts, 
called carats, and gold which is said to be that of 

23 carats fine, means that it is mixed with an alloy of 
1 part of some other metal and 23 of gold. Gold of 22 
carats means an alloy of 22 parts gold and 2 of some 
other metal. The number of carats expressed always 
specifies the pure gold, aud what that number wants of 

24 indicates the quantity of alloy. Thus gold of 12 
carats would be an alloy containing 12 parts gold and 
12 of some other metal. With us the carat is divided 
into four grains ; among the Germans into 12, and by 
the French into 32. The quality of the alloy has been* 
always considered of importance ; it is commonly of 
copper, and with some composed of a mixture of silver 
and copper. On this subject, a series of experiments 
were instituted in 1798, by Messrs. Cavendish and 
Hatchet, which may be seen in the Philosophical 
Transactions for 1803. 

Silver approaches very nearly to gold in all its cha- 
racteristic properties, with the exception of its colour, 
which is a fine white : like gold, it has neither taste or 
smell ; its hardness is equal to 7. When melted, its 
specific gravity is 10,474, and when hammered 10,510. 
Its malleability is also excessive, • as it may be beaten 
out into leaves of only of an inch in thickness. 

Its ductility is equally remarkable, as it may be drawn 
out into a wire much finer than a human hair, so fine 
indeed, that a single grain of silver may be extended 
400 feet in length. It9 tenacity is such, that a wire of 
silver 0,078 inch in diameter is capable of supporting a 
weight equal to 187, 13 lbs. avoirdupoise without break- 
ing. According to the calculations of Mortimer, its 
fusing point is 1,000 of Fahrenheit’s thermometer. 

The business of founding or casting these metals is 
consigned to the artists known as the gold and silver- 
smith. In the city of London they are formed into a 
I company, and enjoy many particular privileges. Their 

* The fullest treatise on gold hitherto published is that of Dr. 
Lewis’s. See the Philosophical Commerce of the Arts. 
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business consists in manufacturing gold and silver into 
numerous vessels and utensils both for utility and orna- 
ment, which they do either in the mould, or beat it out 
with a hammer or other engine. All works requiring to 
have raised or embossed figures are cast in moulds, the 
subjects for which are previously designed by an artist, 
and modelled afterwards in wax. Messrs. Rundell and 
Bridge, who are the most extensively employed of any 
house in London as goldsmiths, keep constantly in their 
employ, for this purpose, several very ingenious artists, 
whose whole time is taken up in designing and model- 
ling different articles to be cast in gold and silver, some 
of which embrace combinations the most chaste and 
classical, and are calculated to go very far in creating a 
taste and relish among our nobility for sculpture in 
basso-relievo wrought in the precious metals. W. Theed, 
A. R. A. is their principal designer, 
lates or dishes of silver and gold are beaten out from 
bare of either metal, as well as spoous and all the lesser 
description of goods commonly made of them. Vases, 
cups, and such like articles, are formed also from 
plates, as well as their ears or handles, which are beaten 
or hammered into pieces of the shape required, and af- 
terwards soldered together ; the shafts of vases and cups 
are in two pieces or halves only, and their ears into 
three or more, according to the composition of their 
shape. The mouldings also of such kind of utensils are 
performed by the hammer, and fastened to the shafts of 
such vessels for which they 'are intended by soldering. — 
The business of the goldsmith formerly required a much 
more divided labour than it does at present, for they 
were then obliged to prepare the metals by hammering 
them into plates, for the purposes required, from the 
ingot ; but there are now in use mills called flatting mills, 
which reduce the ingot or bar to the thinness wanted, 
and at a veiy small expense. 

Every goldsmith ought to be capable of designing 
and drawing, with a knowledge of modelling sufficient 
to understand its effect when it comes to be founded in 
metal. He also should be somewhat expert in che- 
mistiy and metallurgy, to enable him to assay the mixed 
metals, and to alloy the pure ones with address. He 
will also require a knowledge in mathematics to defend 
himself from fraud in his purchases of the virgin-metal, 
and also to divide it out accurately to his manufactu- 
rers, for them to work it into the various purposes for 
which it may be intended. « 

When gold or silver is melted it is poured into moulds 
previously formed to receive it, or sometimes into 
frames for founding it into bars; the methods practised 
for doing which is the same as that previously described 
for castings of brass in sand, both with regard to the 
frame, the manner of working the earth, and that of 
ranging the models or patterns. There is, however, a 
difference, inasmuch as the heated metal in the brass 
castings is taken out of the crucible with ladles, and 
poured into the aperture in the mould, from whence it 
runs into iets and patterns; while for gold and silver 
ihe crucible containing the fluid metal is taken off the 


fire with a pair of tongs made for the purpose, and the 
metal b poured from it into the moulds. 

The Braxils furnish most of the gold now seen in 
commerce ; there are, however, no gold mines worked 
there. The metal is disseminated iu sand and other 
alluvial depositions. 

Gold, silver, and copper, among the modems, are 
employed as the medium of exchange, as these metals 
are found by long experience the fittest materials for 
money, being less subject to decay than most other 
articles of value. Whether coining be of equal anti- 
quity with money may admit of doubt, especially as 
most of the ancient writers are so frequent in their men- 
tion of leathern-money, paper-money, wooden-money, 
8cc. That such articles may have been used as money 
b not improbable ; but it b extremely unlikely that in 
using such mouey, either could have been adapted 
to any portable shape to answer that purpose. In ef- 
fect they were the commodities, and became current 
for one another by the way of exchange. Herodotus 
ascribes the invention of coins to the Lydians, and 
Pliny attributes it to Bacchus. Lycurgus ordered that 
iron money only should be used at Sparta. Silter b 
reported by Pliny not to have been coined at Rome 
until about the year 480 of the city, nor gold until 
about the year 640. The same author thus mentions 
its illegal debasement (lib. 33. c. 9) “ Miscuit denario 
triumvir Antonius ferrum miscuit aeri falsae monels* 
In England the standard for gold is 44> that b eleven parts 
of pure metal and one part of alloy. The standard for 
silver is f|, that is, eleven ounces two dwts. of pure 
silver and eighteen dwts. of alloy, making together one 
pound. This proportion of silver is said to have been 
fixed by Richard I. by the assistance of certain persons 
from the Eastern parts of Germany, from which cir- 
cumstance it was called Easterling; qnd hence the word 
sterling, which was afterwards the name given for 
the silver penny, and which b now applied to all lawful 
money in Great Britain. The coining of money was 
originally performed with the hammer, and afterwards 
with the mill, and then again with the hammer ; by 
either of which methods the pieces of metal are staihped 
or struck with punches, or dies, on which are engraven 
the sovereign, effigies, arms, legend, &c. The puncheon 
consbts of a highly tempered piece of steel, upon which 
the coin is sunk in relievo, and again upon the matrix, 
which b another piece of steel of about four or five 
inches long, formed square at the bottom r and rounded 
at its top. The moulding of the border and letters are 
added on the matrix with small and sharp steel pun- 
cheons, and when it b* thus finished it is called the die. 
In coining by the mill the bars of gold or silver, after 
having been moutdted, are taken out of the moulds, 
scraped, and brushed. They are then flatted in the 
mill, and reduced to the proper thickness to suit die 
species of money about to be coined ; which, if it be 
gold-coin, the plates are previously to being sent to be 
milled, put in a furnace, heated, and then cooled in 
water; but if of silver the metal b passed through the 
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mill without this additional heating and cooling. .The 
plates, whether of gold, silver or copper, when reduced 
to their proper thickness are cut out into round pieces 
' called blanks, or planchets. This cutting is performed 
by an instrument which is fastened to the lower extre- 
mity of an arbor, the upper end of which is formed into 
a screw, which being turned by an iron-handle moves 
the arbor, and lets a punch of well-sharpened steel fall 
on the plates to be cut, by means of which a piece is 
punched out ; afterwards the pieces which are so cut 
out are brought to the standard weight by filing or rasp- 
ing, and the comers and pieces of me plates left by the 
circles are returned to the melter by the denomination 
of sizals. The pieces are now weighed hi a very accu- 
rate and well adjusted balance, and afterwards carried 
to the blanching room. Here it is that the gold blanks 
are brought to their proper colour, and the silver ones 
are whitened. For the former of which the operation 
is performed by heating them in a furnace, and when j 
cooled, boiling them successively in two copper vessels 
containing water, common salt, and tartar ; and after 
being well boiled in this menstruum they are scoured 
with sand and cleanly washed in pure water, and dried 
over a wood-fire in a sieve composed of copper wire. 
Formerly the planchets as soon as blanched were car^ 
vied to the press to be struck, and receive their impres- 
sion ; but they are now always first milled. The ma- 
chine for this purpose consists of two plates of steel in 
form of rulers, on which the edging of the coin is 
engraven, a half on the one, and a half on the other. 
One of these plates is immoveable, the other moveable 
and slides on a plate of copper by means of a handle 
and a wheel, or pinion of iron, the teeth of which 
catch in other teeth which are on the surface of the 
sliding plate. The planehet being placed horizontally 
between these two plates, is carried along by the motion 
of tbe moveable one, so as by the time that it has made 
a half turn it is found marked all round. For the 
coining of medals the process is nearly the same as for 
that of money. The principal difference consisting in this; 
viz. money having but a small relievo, receives its impres- 
sion at a single stroke of the engine ; whereas for medals 
their high relievo makes several strokes necessary, for 
which purpose the piece is taken out from between the 
dies, heated, and returned again; which process for 
medallions is sometimes repeated as many as a dozen or 
more times before the full impression is given them. 
Some medallions, in a very high relievo, are obliged to 
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be cast in sand, and afterwards perfected by being sent 
to the press. 

In coining with the hammer, the bars of metal on 
being taken out of the moulds are heated and stretched 
on an anvil, after which they are' cut in pieces, farther 
stretched, and then clipped with shears to their required 
shape, and until' they become reduced to the standard* 
w r eight and to the size of the specie to be coined. The 
blanks, or planchets, thus formed are carried as before 
to the blanching-room, where they undergo the same 
operation as the milled money, and are then sent to the 
minter to be stamped with the hammer. For this ope^ 
ration two puncheons, or matrixes are used, the one 
called the pile, the other the truss, or quiver; each of 
which is engraven dent-ways, the pile bearing the 
arms, and the truss die image, legend, date, &c. The 
pile is about eight inches high and has a kind of talon, 
or heel, in its middle and ends. This kind of figure 
was given by reason of its being more easily sunk, and 
at die same time more firmly fastened to tbe block on 
which the money is struck. The minter for striking 
the coin lays the planehet horizontally on the pile and 
covers it with the truss, which he holds steadily in his 
left hand, giving to it several small blows, more or less, 
as the relievo of the die is more or less deep. About 
twenty years ago, Messrs. Boulton and Watt, of Bir- 
mingham, began to apply the power of steam to the 
operations of coining, and have since coined a large 
quantity of money, such as farthings, halfpence, penny • 
and two-penny pieces of copper for the Government, 
which have been seen in circulation. They have 
also re-coined an immense number of Spanish dollars 
for the Bank, known in circulation as Bank Tokens, 
without their having been first melted, or any thing 
done to them except their being restamped. The ma- 
chinery for this purpose is calculated to save labour 
prodigiously, as it is reported to be capable, by the as- 
sistance of three or four boys only, of striking or re- 
stamping 30,000 pieces of money in an hour, besides at 
tbe same time keeping an unerring account of the num- 
ber of pieces stricken. 

The coinage of England was originally performed 
wholly in the Tower of London, where there was a 
corporation for it under the title of the Mint. But 
lately there has been erected a gigantic building on the 
void ground north of the Tower for that purpose, in which 
has been placed an engine by Messrs. Boulton and Watt, 
and by this in futore the national coins are to be stamped. 
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Glass, in a chemical sente, denotes any substance 
or mixture, earthy, saline, or metallic, whichi^ reduced 
by igneous fusion to the shape of a hard, brittle, uni- 
form mass, which breaks with a conchoidal fracture 
passing into splinters, and with a high degree of lustre. 
Most glasses of this kind are also transparent But as 
tiie term glass is commonly used in the arts and manu- 
factures, it signifies that transparent, solid, brittle, fac- 
titious substance, produced by the vitrification of sili- 
ceous earths with various salts and metallic oxydes, 
which is applicable to innumerable purposes of orna- 
ment and comfort, as well as of scientific investigation 
and research. Such are the definitions or descriptions 
of this substance ; but Merret, in his notes on Neri’s 
Treatiseon Glass-Making, mentions certain characters 
or properties of glass, by which it is distinguished from 
all other bodies : of these we shall enumerate the fol- 
lowing. — It is an artificial concrete of salt and sand or 
atones ; — it is fusible by a strong heat, and when fused 
is tenacious and coherent ; — it does not waste nor con- 
sume in the fire ; — it is ductile when red-hot, and may 
be fashioned into any form, but is not malleable ; and 
is capable of being blown into a hollow ; it is frangible, 
always diaphanous, whether hot or cold ; flexible and 
elastic it may be graveu, or cut with a diamond, or 
other hard stones and emery ; — it receives any colour or 
dye, and admits of being polished : — it is the most pli- 
able thing in the world, and that which best retamsjhe 
fashion given it. 

It would not be consistent with the plan and object 
of this work, to enter very deeply into the history of 
Glass and Glass-making, but we may observe, that so 
far from its being a modem invention, it was known in 
the days of Aristotle, who flourished three centuries and 
a half before the Christian era, and who gives two pro- 
blems upspn glass, of which th£ first is, why we see 
through it? the second, why it is not malleable ? 
Theophrastus, who flourished about 300 years before 
Christ, describes glass as having been made of the sand 
of the river Belus : and the sphere of Archimedes is a 
remarkable instance of the perfection to which the art 
of glass-making had been brought at that early period, 
namely, B. C. 209* For the sake of our younger 
readers, we may remind them that Virgil, in his Vth 
Eneid, compares the clearness of the water of the Fa- 
cine lake to glass ; and Horace, in his third book of 
the Odes, mentions glass in such terms, m shew that 


its transparency was brought to great perfection. In 
the time of Straboy who lived in the first century of the 
Christian, era, the inanafeetare of glass was undoubtedly 
well understood, and had become a considerable article 
of trade. Seneca, who lived in the same century, seems 
not only to have been well acquainted with glass as a 
transparent substance, hot also understood its magnify- 
ing powers, when formed into a convex shape. Pliny 
relates the manner of the discovery of glass. It was, 
be says, first made of sand found in the river Behn, a 
small stream of Galilee, running from the foot of 
Mount Carmel. The report of the discovery was, that 
a Phoenician merchant ship, laden with nitre or mine- 
ral alkali, being driven on the coast, and the crew 
going ashore for provirions, and dressing their victuals 
upon the sands, made use of some lumps of to 
support their kettles. Hence a vitrification of the sand 
beneath the fire was produced, which afforded a hint 
for the manufacture. 

To come to more modem times : according to the 
venerable Bede, artificers skilled in making glass were 
i brought over into England in the year 674 ; others, 
however, suppose tins to have happened more than 
fifty years later, or about the year 72& TeH this tone 
die art of making glass, or at least of applying it to 
the purposes of ornamenting churches, was not known 
m Britain. Glass wi nd o ws did not begin to be used 
before die year 1180, and for a considerable time they 
were very scarce in private houses, and considered as a 
kind of luxury, and as marks of great magnificence. Italy 
had them fust, next France, and from France they 
came into England. Venice for many years excelled aft 
Europe in the fineness of its glasses, and in the thir- 
teenth century the Venetians were the only people who 
had the secret of making crystal looking-glasses, which 
they perfo r med by blowing nearly in the same manner 
as a considerable quantity of the common mirror-glass 
is now manufactured. The regular glass manufacture 
was begun in England 1557; the finer sort was made 
in Crutched Friars, London; and the very fine flint 
glass, little inferior to that of Venice, was first manu- 
factured in the Savoy. The first glass plates for look- 
ing-glasses and coach-windows, were made in 1673 at 
Lambeth under the protection and auspices of the ‘ 
Duke of Buckingham, who, in 1670, introduced the 
manufacture of fine glass into England by means of Ve- 
netian artists with great success ; so that within a cen- 
tury 
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jury and*: half, the Fsench and English have even ri- 
yalled and surpassed the Venetians, and we are no 
longer supplied from abroad. The French made a 
considerable improvement in the art of glass-making, 
by the invention of a method to cast very huge plates, 
till then unknown, and scarcely even yet practimd by 
any but themselves and the English. That court ap- 
plied itself with great industry mid ardour to cuharada 
ami improve the glass manufacture. A company was 
established by letters patent, and it was provided by 
an arret not only that the working in glass should not 
derogate any thing from nobility, but even that none of 
lower degree than nobles should be allowed to work 
therein. In 1665, under the celebrated Colbert, a 
company for “ blown mirror-glass” was estabiishsd at 
Cherbourg, on the plan of the Venetian manufacture; 
but the art of casting glass was invented in France about 
the year 1688. A company was soon established for 
this branch of manufacture, which was first carried on 
at Paris and soon after removed to St. Goblin, where 
it probably still exists. An extensive manufactory of 
this kind was established in this country, near Pres* 
cot in Lancashire in the year 1773, and they have suc- 
ceeded in producing plates, rivalling, if not surpassing 
in size, quality, and brilliancy the most celebrated con- 
tinental manufactures. This company, now in Lon- 
don, furnishes plates from 13 inches to 13 feet in 
length, and full half these dimensions in breadth. 

Of Mineral Combinations with regard to Vitrifif 
cation . — Glass presents a great variety of qualities; but 
as this essentially belongs to the proportions of the sub- 
stances employed, and particularly to their different 
degrees of purity, we snail confine ourselves to de» 
taiKig the general principles upon which vitrification k 
founded, and the principal operations by which it is 
executed. Pure substances vitrify with difficulty, and 
the glass which proceeds from them is in general dry 
and very brittle.. But tbe same substances mixed, enter 
more easily into fusion. Alumina and lime, although 
unvitrifiable separately, are easily reduced into glass 
when mixed together. The alkalis facilitate the fusion 
and vitrification of all the earthy principles. On ac- 
count of this property, these salts are employed for 
forming the base of the composition of glass manufac- 
tured for our use. Besides the degree of fusibility 
which tbe alkalis communicate to the earthy substances, 
they give to the glass which proceeds from their mixture 
with the earths, a pliability which admits of its bong 
wrought, blown, extended, and even hammered while 
it is warm and soft. The manufactories whefe glass is 
made are called glass-works. The compositions, the 
working, and the furnaces, vary in tbe different manu- 
factories, according to tbe nature of the glass made in 
them: hence the various denominations of bottle-glass, 
flint-glass, plate-glass, crystal-glass, &c. But what- 
ever may be the nature of the glass to be made, there 
are certain principles essentially dependent upon science 
which are applicable to all glass-works, and according 
to which all the operations are directed. These general 


principles have for their object every thing relating to 
the manufacture of tbe pots or crucibles, to the compo- 
sition of tbe substances, to the construction of the fur- 
nace, to tbe management of the fire, and to the manner 
of working the glass. We shall glance at each of these 
subjects in succession. 

Of the Manufacture of Crucibles, or Glass-Pots . — 
Good crucibles ensure the success of a glass- work. This 
truth can only be felt by those who have appreciated the 
loss occasioned by pots which break or melt, the loss 
of time, and the difficulty of replacing them. Clay 
forms the bam of glass-house pots. But as die quali- 
ties of clays are very variable, because they are naturally 
and constantly mixed in various proportions, with lime, 
silex, iron, and magnesia, which renders them more or 
less fusible, the clay must be picked before employing 
it. Tbe qualities of a good clay are as follow : 1st. It 
must not vitrify upon an exposure of several days in the 
| hottest place of die fturnace* 3nd. It must preserve its 
| form without sinking down, or becoming soft. 3rd. It 
must be wrought and moulded easily. 4th. It must un- 
dergo the action of the fire without contracting, or 
cracking. 5th. Good clay assumes, upon being fired, 
a very great hardness and compactness. 

When we have ascertained aH these qualities in the 
day, it must be still picked, in order to separate fjfora 
it every thing foreign or prejudicial. To this effect it 
must be carefully picked, in order to take out the py- 
rites and all the small coloured veins, which render it 
fusible: we may content ourselves with raking together 
the pieces tinged with ochre, and separating all the co- 
kranog principle from them. After having taken away 
every visible impurity, die clay must be diluted and 
soaked in waiter; it is afterwards passed through sieves, 
in order to separate the coarse, weighty, and insoluble 
bodies from k. Sand, quartz, or mica, do not sensibly 
injure the (jualities of clay, particularly if they are in 
small quantity: but mixtures of calcareous earths, 
plaster, pyrites, and metallic oxydes, render clay im- 
proper for glass-house pots, as it is material to give 
to the sides of a crucible such a thickness only as to 
render it capable of resisting the effects of die substance 
it contains; and the shocks it receives iu the work. 

M. Loysel has suggested, that we should calculate 
the tenacity of tbe clay, by forming small sticks of it in 
tbe form of porallelipipedons, which he dries at a tem- 
perature of 35 degrees of Reaumur, and one of the 
extremities of which he reduces to a diameter of six 
lines. He fastens this extremity in a cubical cavity ; 
and at die distance of 18 lines he suspends, from oueof 
these sticks, the saucer of a pair of scales, in which he 
places weights until they produce a fracture in die stick. 
He observed, that good clay employed for crucibles of 
dime feet diameter by three feet six lines thick, did not 
break, except with a weight of 56 ounces ; and that of 
a furnace of fusion of eight feet diameter, by a weight 
of 34 ounces. But clay, employed by itself contracts 
too much, and it is mixed for forming the composition 
of pots, with tbe broken pieces of crucibles, ground, 

and 
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and well cleared of all vitrified matter, or with day 
strongly fired. Great care nidst be taken not to em- 
ploy sand in forming pots, because the alkali employed 
in making the glass would act upon the sand, dissolve 
it, and speedily destroy the crucibles. After having 
prepared the clay well, it is mixed with the cement 
formed of ground fragments of crucibles, and a paste is 
made with it which has such a consistence that a leaden 
bullet of four ounces weight may sink into it complete^ 
ly upon falling from a height taken between 66 and 83 
inches. This paste must be dressed with the greatest 
care in a proper place, and out of the way of all dust, 
and the mixture of every foreign substance* When the 
paste is thus prepared, either the one dr the other of the 
two following processes may. be employed for making 
the crucible. 1st. In some glas9-houses they have a 
wooden mould, furnished in the inside with a strong 
and well-stretched cloth. Rolls of paste are applied to 
the interior surface of this cloth K and the frame of the 
crucible is successively raised, by gradually diminishing 
its thickness from the bottom to the upper edge. 2d. 
In other glass-houses, the workman has a round piece 
of wood, a little broader than the crucible is to be, and 
he raises with his hand, and without a mould, bis cruci- 
ble upon this kind of foundation. This last method is 
preferable to the former, because the workman, can 
work his paste at all places, and he leaves no cracks nor 
crevices in the body of the crucible, and he can join 
perfectly and uniformly all the parts. This process is 
particularly necessary in the bottle glass-houses, because 
this composition corrodes the crucibles more than any 
other. When the pots are manufactured, they are ak 
lowed to dry in the shade, at a temperature of 10 or 15 
degrees of Reaumur’s thermometer. We should equally 
dread a too strong heat, which might crack the pot; or 
a too sharp cold, which might freeze it ; dampness and 
currents of air should be also, carefully avoided: the 
* apartment which serves as the drying-place should be 
shut, and very little frequented. When the pots begin 
to be dry, they are enclosed in a close place, where the 
heat is constantly kept up to 25 or 30 degrees of Reau- 
mur. From this they are brought out to be put in use. 
For this purpose, they are exposed by degrees to a heat 
which produces redness, and in this state they may be 
placed upon their seat in the furnace. Prudence re- 
quires, that they should not be charged with any comp 9 - 
sition after they are placed upon the furnace, until they 
have undergone the strongest possible heat for 24 
hours. 

Of the Construction of Glass-House Furnaces . — 
The paste intended for making the bricks of a glass- 
house furnace is prepared by mixing crude with fired 
clay, or rather, with broken pieces of crucibles : white 
infusible quartz, or a very refractory sand, are also era*: 
ployed instead of fired /day. In order to pouud the 
pieces of quartz more completely, they are made red- ! 
hot, and then thrown into water. This operation, as is | 
well known, renders them pulverulent, without hurting 
their refractory quality. Bricks are sometimes used 


which have not been fired ; these are merely dried in the 
air to such a degree, that a leaden bullet, falling from a 
height of from 25 to 45 feet, : only sinks half its bulk 
into tiie brick. ’Hie furnace of a glass-house is always 
erected in the middle of very spacious premises, in 
order that the working and the surface of it may be easy. 
The draught of the furnace is effected by means of four 
currents of air, which enter the hall at separate aper- 
tures, and unite at right angles at the grate of the fire. 
The interior form of the furnace is almost always that 
of a square, or of a rectangular parallelogram, the 
broadest sides of which are occupied by the pots, which 
are supported and fixed on trevets or shelves. The in- 
terval between these shelves ' or trevets, forms the grate 
upon which the combustibles are placed. The fire is 
fed by apertures made in the sides : the pots are chaiged 
and emptied by means of openings immediately above 
them, and which exactly correspond with them, in or- 
der that the business may be more easily conducted. 
The furnace is surmounted or terminated by an arch, 
which rests upon the two longest sides, and which is 
full of holes, in order to establish a proper draught, and 
to give a passage to the flame, which also heats other 
arches placed before these angles, or above the vault. 

Of the Substances employed in the Composition of 
Glass . — Silex and the alkalis form the base of glass in 
all countries : the other ingredients are, properly speak- 
ing, only accessary for facilitating the flux and purifying 
the glass, or for giving it any peculiar quality. The 
purest silices and alkalis form the clearest glass, and it 
is this composition which forms the basis of all die ope* 
rations of glass-houses. But silex and alkali exist no 
where pure; it is only by troublesome, difficult, and 
expensive processes that we can bring them to this 
degree of purity. These substances are therefore very 
generally employed in the state in which nature and 
commerce afford them. Attention must be paid, how- 
ever, among the varieties which these two substances 
present, to choose such as experience has shewn to give 
constantly die production we are desirous of obtaining. 
In some delicate works, such as the making of fine 
crystal or plate glass, the alkali of commerce is puri- 
fied, in order to clear it of all foreign bodies. In ge- 
neral, white sand' is the purest, but it is also the most 
refractory ; the coloured sands fuse mtich more easily. 
Alicant soda' holds the first place among the alkalis of 
commerce. It is therefore most employed in the deli- 
cate operations of the glass-works. Sicilian ashes, the 
salicornia and sea-wrack are employed in the manufac 
tore of all the common clear glass. Potash and salt 
are also well adapted for vitrification : the latter is em- 
ployed in most of the manufactories of drinking-glasses 
and crystal-glass, as it is called. In France, the ashes 
of our fires melted with sand is the most general com- 
position of bottle-glass. When the sand is very fusible, 
lixiviated ashes may be employed. I have seen, says 
M. Chaptal, most excellent bottle-glass formed with 
lixiviated ashes and river sand, mixed with equal parts 
of quartz and rubbish of lava. The iS&lts contained in 
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die alkalis enter into fusion, and swim upon die surface 
of the metal (as the workmen call it), in the state of a 
very fluid liquid, which must be carefully taken off with 
a ladle or skimmer before beginning to work the glass. 
This precaution is only necessary when sodas are em- 
ployed highly charged with marine salt. The glass- 
works where these kinds of soda were used, made a con- 
siderable trade of this salt, which was sold by the name 
of glass-house salt, when the gabelle, or salt-tax, rose 
to such an enormous height in France. Glass-house salt 
is also known by the name of gall of glass, or sandiver; 
and when the matter is not well melted, or when all the 
marine salt is not evaporated, it is found dispersed 
through the glass in small grains, which injure much 
the beauty and solidity of the article. When we wish 
to purify soda for delicate operations, it is dissolved in 
water, in order to separate by a previous operation, 
every thing that may be insoluble; it is afterwards eva- 
porated, and concentrated to forty degrees of Baume’s 
areometer, in order to precipitate die foreign salts, 
which crystallize ; the remaining liquor is afterwards 
concentrated to dryness, and by this means we obtain a 
very pure salt of soda. We may even obtain it in crys- 
tals, by stopping the evaporation at the degree of a 
sirupy consistence. The proportions of the substances 
which form the composition of glass, vary according to 
the nature of the sand, the purity of the alkalis, the 
quality of the glass, and the degree of heat in the 
furnace. Experience alone must prescribe and deter- 
mine the most proper composition: the more fusible 
the sand is, the less alkali it requires ; the purer the 
alkali, the greater is the quantity of sand which is ne- 
cessary in the composition. In order to facilitate the 
fusion of the compounds, and to give the glass more 
ductility, more weight, and less hardness; oxyde of 
lead is added to the composition, in variable propor- 
tions, according to the object in view. Minium, or 
red-lead, is always preferred for this purpose in the 
manufactories of crystal-glass. 

The oxyde of manganese is also used, by the name 
of glass-maker’s soap, in order to clear the glass of all 
colouring matter. Its* effect must probably be chiefly 
ascribed to the facility with which it gives up its 
oxygen, which combines with the colouring principles, 
and destroys them. Too much red-lead makes the glass 
yellow; this defect may be corrected by applying a lit- 
tle oxyde of cobalt, which, in its turn, will produce a 
blue colour, if m excess. Too much manganese gives 
it a violet colour, and forms streaks, or violet-coloured 
ribbons, in the thick parts of the glass. This fault may 
be corrected, by throwing a combustible body into the 
melted mass. There are circumstances where a tried 
composition attains a proper degree of fusion with great 
difficulty ; this may proceed from the draught of the 
furnace being interrupted, or when the fire is ill ma- 
naged; in this case, borax, or arsenic, must be re- 
sorted to for restoring the fusion. The latter substance 
is held in the bottom of die pots, until it has evapora- 
ted in fumes; it spreads through the whole mass, agi- 
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fates it, and hastens the flux of it. Arsenic serves in 
particular for destroying the green colour of glass, be- 
sides the advantage it has of facilitating the flux. The 
glass is coloured with the metallic oxydes ; cobalt makes 
blue; manganese, violet; glass of antimony, yellow; 
precipitate of Cassius, purple; chrome, green, &c. 
Various colours may be obtained by "the mixture of 
these oxydes; and we may obtain all the shades we 
desire. 

Of the Flux of the Substances forming the Composition 
of Glass . — The flux of the substances embraces two 
principal operations; first, the fritte; second, the fusion. 
If we throw into the crucible, the substance which 
forms the composition, without having prepared it by a 
previous strong calcination, the crucibles would be 
destroyed in a short time, in consequence of the water 
which would be disengaged on the first impression of 
the fire; the flux would be almost impossible, in con- 
sequence of the greater fusibility of the alkali, which 
would come to the surface; the glass would be co- 
loured, and the paste itself would experience a swell- 
ing which would drive it over the crucible. In order 
to obviate all these inconveniences, the substances un- 
dergo the fritte, in all the glass-works, before put into 
the pots to be melted. The fritte is conducted on the 
substances either separately or in their state of mixture 
and composition. The second method is preferable, 
for the reasons I have above given. The fritte is exe- 
cuted in furnaces made in the glass-house ; and which, 
very often communicate with the melting furnace, from 
which they receive the heat by apertures made at the base 
of the great arch, and at the angles. These places are 
then called fritte arches. The substances are fritted 
some time, keeping them red-hot, and by this means they 
often receive a commencement of a pasty fusion, which 
unites the parts of the composition so as to form one mass. 
The manufacturers of bottle glass, already mentioned, 
give the form of bowls to their composition, in order to 
roast it more completely. Others throw the composi- 
tion, when well mixed, upon the bottom of the arch, 
taking care to strew it very thinly, in order that the 
calcination may act equally upon all the parts. Pre- 
vious to putting the composition into the melting-pots, 
a new activity is given to the fire, and it is stirred 
three or four hours before charging them. The pots 
are charged at two, and even three times : a fresh 
quantity of composition is not added until the first 
quantity is melted. As soon as the pot is filled the 
fire is carefully kept up, for a longer or shorter time, 
according to the fusibility of the composition and the 
draught of the ftumace. Ten or twelve hours is suffi- 
cient to melt the whole composition ; but although it is 
well melted, it is not yet fit for working. It must be 
allowed to settle, to clear itself of the numberless 
bubbles which are dispersed through the paste; and 
this effect can only be produced by keeping tne compo- 
sition at a very liquid fusion for some hours, This 
operation is called fining. When the glass is thus fined 
down, or rendered fit for working with, the heat of the 
5 B fire 
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fire is allowed gradually to diminish by adding no more 
coals to it. The vitreous mass then assumes a little 
more consistency, which facilitates the work. 

Of working the Glass in Glass-houses . — The working 
of glass is very simple; but notwithstanding^ this, it 
requires a great deal of practice, and no one can expect 
to become a good artist in this branch of the busiuess, 
if he has not acquired the art early in life. Every thing 
respecting the working of the glass may be reduced to 
the act of blowing or running it. In blowing the glass, 
an iron tube about five feet long is used ; with this the 
workman takes out of the pot the quantity of glass ne- 
cessary for bis operation : the air, wnich he exhales from 
his lungs through the hollow of the tube into the mass of 
glass he has taken up, distends it; he afterwards gives 
this mass, while it is distending, the form and dimen- 
sions he wishes. Compasses, scissars, and other iron 
tools are employed to shape, pare, or dilate the glass. 
Care is taken to present it to the furnace as soon as it 
begins to cool; when again heated, and it begins to 
melt, it is withdrawn, in order to bestow additional 
labour upon it. The softness of glass, when it is 
made red-hot, forms such a contrast to its fragility 
when it is cold, that it would be difficult to conceive 
how easily it may be kneaded, soldered, and distended, 
if we v did not see it actually done before our eyes. 
Much has been said of the malleability of glass; re- 
searches have been made in order to recover this im- 
portant art, which it was thought the ancients possessed; 
and people have been unwilling to allow that there is 
oo metal more ductile or more malleable than glass 
when red hot; or that this art, supposed to exist among 
the ancients, is practised among the modems every day 
in our glass-houses. Plate-glass is formed by pouring 
melted glass upon a copper table, the surface of which 
is very flat, and by passing a level above the melted 
matter, in order to give the plate an uniform thickness. 
This operation is veiy similar to that by which metallic 
tablets are formed, by throwing melted metal upon 
Sand. In order that the glass may be less brittle, it is 
necessary that it should be cooled very slowly : this last 
operation is called annealing. In the large manufacto- 
ries of bottle-glass, the glass is annealed in furnaces 
made in the angles of the room where the melting fur- 
nace is: these furnaces are recUhot when the glass is 
deposited in them, and as soon as they are filled with 
the glass articles, the apertures are closed, and the heat 
allowed to subside of itself. In small glass-houses, the 
annealing furnace is generally placed upon the melting- 
filmace, or at one side of it, so as to be heated by the 
current of flame which escapes from the furnace; this 
is merely, properly speaking, the commencement of a 
very wide flue, and which insensibly diminishes * in 
width the further it is removed from the fire; so that 
the glass deposited at its base gradually cook as it k 
drawn towards the extremity. The glass k annealed 
very imperfectly in thk manner, because it cook too 
quickly. 

Of the Combustibles employe^ in Grfass-worksr—Two 


kinds of Combustibles are used in glkss-workS; wood 
and coals. The employment of the latter k very ad- 
vantageous, but it colours the glass by producing a 
fuliginous matter which k deposited upon the melted 
mass, and tiuges it of a yellow hue. When we wish to 
make a clear or crystal glass, therefore, we must take 
the precaution of covering the pots, to which only one 
aperture must be left, corresponding with the working- 
hole ; .thk k called working with covered pots. When 
wood is employed, it must be carefully dried; tbe flux, 
in this case, is easier, and the work expedited. Elm, 
beech, and oak, are the three best woods for a melting- 
furnace. The resinous woods give out too much 
smoke. It requires an active and intelligent person to 
manage the fire of a glass-house ; care must be taken 
neither to choke it with too much fuel or to let the heat 
fall off. It must be fed by renewing the fuel in mall 
quantities at a time, and at short intervals. The weight 
of clear glass to that of water, k : : ^3 : 10. That of 
argil and alkali ::25 : 10. That of lime and alkali 
: : 27 : 10. The metallic oxydes add to its gravity. 

Such is very much the practice in France : we shall 
now detail the processes adopted in our own countiy, 
and describe the materials made use of in tbe several 
manufactures. It will have been observed that gjksa 
contains invariably two essential ingredients, silex and 
an alkali ; these are the only things necessary ; these, as 
we have seen, were the only substances from which 
glass was made accidentally on the shores of the river 
Belus; the sand existed on the spot, and the saline 
substance was the substance in contact with the sand, 
and made use of as supports to the kettles in which the 
provisions were to be dressed. The fire, rendered fierce 
by being exposed to the open air, soon united the sand 
and the saline substances in fusion, and produced that 
glass which was the object of so fortunate and important 
a discovery. 

Though sand and a saline substance are all that are 
absolutely necessary in the manufacture of glass, yet 
several other substaoces are likewise made use of for 
particular purposes, among which may be particularly 
noticed, lime, in the form of chalk, that k a combina- 
tion of lime and carbonic acid, or what k chemically 
denominated a carbonate of lime, borax, the oxydes of 
lead, manganese, arsenic and nitre. Perhaps a brief 
account of these will be agreeable to the reader in thk 
place, though we shall have occasion to renew the subn 
jects in an alphabetical form in the second part of o«u 
work. 

Silex may be found in almost all parts of the knowu 
world ; but of different kinds, and of various degrees of 
purity, and such will be selected in the manufacture a* 
is adapted to the nature and fineness of the gjass re* 
quired ; the siliceous material generally used iq, thk 
country k sea-sand, which it is well known consists of 
minute rounded grains of quartz, wtych are sufficiently 
small to be used without any other, preparation than that 
of washing. Sand well adapted for the manufacture 
pf glass k found on the coast of Norfolk near Lynn, 
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fetid likewise on the Western shores of the Isle of 
Wight. Common blatk gun-flints afford a very pure 
kind of siiex, which before they are used must be 
heated red-hot, and instantly quenched in cold water. 
The heat whitens the flints and the water splits them in 
every possible direction, after which they may be ground 
without difficulty in mills constructed for this kind of 
work. This ground flint' is chiefly confined to the 
manufactures of the potteries, and is but seldom re- 
sorted to in glass-works. The alkali used in the manu- 
facture of glass is either soda or potash. It is used 
in the state of a carbonate, though it is evident that the 
carbonic- acid-gas is driven off in the process, and the 
glass is a compound of siiex and pure alkali, and not 
an alkaline carbonate. The finest flint glass requires 
the best pearl-ashes, purified by solution and evapora- 
tion, but inferior glass is made with coarser substances, 
as barilla, where it is abundant ; with common wood- 
ashes, and with kelp. These alkalis, it is true, are 
impure; but this does not prevent their dissolving the 
ailex into a very good and perfect glass, for the very 
impurities, consisting of neutral salts, lime, and other 
earths, assUt in vitrification. Glass made from these 
alkalis has always a greenish tinge, owing to the iron 
contained in them. Lime, in the form of chalk, is 
used only in small proportions, because if much is used 
the glass becomes opaque, and milky on cooling, though 
it was perfectly transparent when hot : hence the reason 
of what is called smoky glass among the glaziers. The 
proper proportions are, to 100 parts of siiex and alkali, 
only 6 or 7 of auick-lime can be added. Lime, though 
mischievous, if used too liberally, has its particular 
uses when properly proportioned, for besides affording 
a cheap flux, it renders the glass easier to work and 
much less liable to crack by sudden and violent changes 
of temperature. Borax is the best flux that is known; 
i(g high price is the only objection to its more general 
use; this prevents it from being used in common glasses, 
bat it is never omitted in the finer kinds of plate glass, 
and those other articles of manufacture that are required 
to be clear and free from specks and bubbles. Borax 
renders all vitrescent compounds into which it enters 
remarkably thin-blowing, as the phrase is, add there* 
fore peculiarly adapted for being cast in a mould, which 
is the way plate-glass is manufactured. A very small 
quantity of botax will correct any deficient strength in 
the alkali. The oxydes of lead, of which litharge and 
illinium are the only ones employed in the large 
way, are of great importance in glass-making. Li- 
thfuge, of itself, melts into a very dense, clear, yellow, 
transparent glass, fusible at a low degree of heat ; and 
when melted, it acts so powerfully on all kinds of 
earthen vessels as to run through the common porous 
crucibles in a very short time, like liquor through a 
filter, but vitrifying and corroding the bottom of the 
crucible in its passage. Litharge, therefore, is, not only 
a most powerful flux to all earthly mixtures, but im- 
parts to glass the valuable qualities of greater density, 
god greater power of refracting the rays of light ; of 


I bearing any sudden changes of temperature ; of greater 
tenacity when red-hot, and therefore easier to be 
worked. Most of the finer glasses contain a considera- 
ble quantity of ihisox^de, particularly the London flint- 
glass, or that species which is used for most of the pur- 
poses of the table, for lustres, and other omamentaL 
works, which when cut into various forms display such 
beauty and brilliance, as to present a most dazzling ap- 
pearance, for artificial gems and for most optical pup- 
poses. Glass, however, in which there is much lead, 
has the defect of being extremely soft so as to be readily 
scratched and injured by almost every bard body it rubs 
against. It is likewise so fusible, that thin tubes made 
of it Will bend with ease in the flame of a caudle, and 
will sink down into a shapeless mass, at a moderate 
red-heat. This quality is often very useful for chemical 
purposes, but in other cases it is a great defect. If 
lead is iu excess, there is great danger that the glass will 
be corroded by the contact of acrid liquors. 

The black oxyde of manganese has been long used in 
this manufacture : its ancient name was “ glass soap,” 
which proves that it was used for the purpose of clear* 
ing the glass from any accidental foulness of colour, 
which it might otherwise contract from the impurity of 
the alkali or other materials employed. The oxyde of 
manganese is a very powerful flux for earthy matters, 
which is seen in the result of all attempts to reduce it 
to a reguline state in the usual way of combining with 
a saline carbonaceous flux, and heating in a naked cru- 
cible. Not a particle of the oxyde is reduced in this 
way, but the crucible constantly runs down, in a beat 
sufficiently intense for the reduction of the manganese, 
together with all its contents into a green flag. The 
only way known at present of reducing this oxyde, it 
to enclose it without any saline or earthy addition in a 
crucible lined with charcoal, and apply to it a very 
intense heat. . Manganese like lead gives a density to 
glass, and has like that metal a tendency to settle to 
the bottom of the pots where it accumulates, and being 
here out of the way of mo9t of the discolouring addi- 
tions, it yields a purple tinge immediately adberipg to 
the bottom, apd partly corrodes the pots, so that when 
they are worn out and broken up they are thickly in- 
crusted with a purple vitrescent flag easily separable by 
the hammer. v 

The white oxyde of arsenic is another flux used in 
this manufacture : this is volatile in the fire in pro* 
portion as it approaches the metallic state, and hence 
it is of great advantage to employ nitre to oxygenate 
it more highly, and to rendtf it more fixed. Arsenic 
is a powerful apd a cheap flpx, hut it must be used 
or\Jy in great moderation, as taking a longer time ta 
mix intimately with glass, and allowing it to be per- 
fectly clear, thaO) almost spy other additions that can be 
employed. Glass ip which arsenic is not most inti- 
mately combined has a milky hue, which increases by 
hge ; and when this oxyde is iu excess the glass tends 
to deliquesce, and gradually to become soft, and at 
length a decomposition will take place.. Drinking 

glasses. 
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glasses, and others used for purposes connected with 
our food, should not be made with this flux, as being 
one of the most dangerous poisons. As arsenic is en- 
tirely volatilized, when in contact with any Carbona- 
ceous matter, another use has been 'made of it, which 
is to disperse the carbon that may remain in the giass- 
pot, owing to any defect in the calcination of the 
alkali, or any other more latent cause. When this 
happens small lumps of white arsenic are thrust to die 
bottom of the glass-pots, and stirred in with the con- 
tents, and the fumes of the arsenic meeting with the 
existing carbon difiiised through the glass unites with 
it, is speedily volatilized, and the glass is left entirely 
free both from the carbon and arsenic that was added. 

Nitre is used, in glass-making, only in small quan- 
tities, and is an accessary ingredient for particular pur- 
poses. Nitre is readily decomposed, giving out a 
large quantity of oxygen, some nitrous gas, and azote, 
leaving behind its pure potash. It is of great service 
m destroying any carbonaceous matter in the ingredients 
of glass : it is also useful in fixing arsenic, and in keep- 
ing up the tinging power communicated by manganese. 
The same circumstance of keeping metallic oxydes up 
to their highest state of oxygenation, also renders this 
salt often useful, sometimes indeed essentially necessary 
in the preparation of certain coloured glasses. 

While glass is in fusion the substances which enter 
into its composition may be considered as combined 
with each other, so as to form a homogeneous mass 
similar to water, holding in solution a variety of salts. 
If it be cooled down very gradually, the different ten- 
dency of the constituents to assume solid forms at 
peculiar temperatures, will cause them to separate 
successively in crystals, in the same manner as salts 
held in solution in water assume the form of crys- 
tals, when the liquid is slowly evaporated. But if 
the £lass be rapidly cooled down to the point of con- 
gelation, the constituents have not time to separate in 
succession, and the glass remains the same homogeneous 
compound, as while in a state of fusion ; just as would 
happen to a saline solution if suddenly exposed to a 
degree of cold sufficient to congeal it completely. 
Hence it should seem that the vitreous quality depends 
entirely upon the fusibility of the mixture, and the 
suddenness with which it is cooled down to the point 
mi congelation. The solid substance is precisely the* 
same as to its chemical composition, as if it were still 
m a state of fusion ; the sudden abstraction of heat hav- 
ing been the means of fixing the constituents before 
they had time to assume a new arrangement. All fusi- 
ble mixtures, as we have seen, of the earths with fixed 
alkalis, $cc., may be made at pleasure to assume the 
form of glass, or the appearance which characterises 
atone or porcelain, according to the rate of cooling; 
and glass may be deprived of its vitreous form merely 
by fusing it, and cooling it down with sufficient slowness 
to enable the constituents to separate in succession. 
Experiments have been made on this subject by I$eau- 
tjnur and Lewis, who have both pointed out the method 
of converting different kinds of glass into an opaque, 


white, hard, refractory substance! like porcelain. Lewis, 
however, demonstrated, by a variety of experiments, that 
it is not every kind of glass that can be converted into 
porcelain. He succeeded only with those that were 
composed of a variety of constituents, because such 
glasses alond contain ingredients that become solid in 
succession. Green-glass, which is apt to acquire a 
crystallized form, succeeded the best with him, and be 
found that the temperature which was peculiarly adapted 
to the change, is that in which the glass is softened with- 
out being melted. It was the curious experiment of 
Sir James Hall on basalt and green-stone, that first led 
to an explanation upon what the vitreous state of sub* 
stances depends. He found that glass, consisting of 
various earthy bodies, loses its vitreous state, and as- 
sumes that of a stone, dif more than a minute or two 
elapses while it is cooling down from the complete 
fusion to the point at which it congeals. 

There are, it is well knowfa, different kinds of glass 
in commou use in this country, adapted to various pur- 
poses. The finest is plate^glass, of which looking- 
glasses are manufactured : Hint-glass, or, as it is fire* 
quently denominated, crystal, is not much behind the 
plate-glass in the excellence of its qualities. These are 
both perfectly transparent and colourless, heavy and 
very brilliant. They are composed of fixed alkali, pure 
silex, calcined flints, and litharge. The proportions, 
as far as can be obtained, will be given hereafter. 
Flint-glass contains also much oxyde of lead ; though it 
is solid/ it does not appear to be absolutely impervious 
to gaseous bodies, at least when heated nearly to the 
melting point. Dr. Lewis surrounded a piece of it 
with charcoal powder, and kept it some time in a beat 
not quite sufficient to melt it. The lead was revived in 
drops through the whole substance of the glass. Dr. 
Priestley ascertained, that glass tubes, filled with 
hydrogen gas, and heated, became quite black, from 
the revival of the lead. When alkaline hydrosulphurets 
are kept in glass phials, the inside is coated with a black 
rust, which is, in fact, the lead separated by the sulphur 
from the glass. 

Crown-glass is made without lead ; it is, therefore, 
much lighter than flint-glass. It cpnsists chiefly of fixed 
alkali, fused with siliceous sand. Bottle-glass is die 
coarsest and cheapest kind, and in this but little fixed 
alkali enters into the composition. It consists of 
an alkaline earth, combined with alumine and silica. 
In this county it is composed of sand and the refuse of 
! the soap-boiler, which is the lime employed m ren- 
I dering his alkali caustic, and of the earthy matters with 
| which that alkali was contaminated. Some of this kind 
of glass was analized by M. Vanquelin, and was fouud 
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A small portion of potash was also discerned, but it 
was too small to admit of being appreciated. 

Of the different species of glass, the most fusible is 
flint-glass, and the least fusible bottle-glass. Flint-glass 
melts at the temperature of 19° Wedgwood ; crown- 
glass at 30°, and bottle-glass at 47°. The properties 
that distinguish good glass are as follows. It is perfectly 
transparent, and its hardness very considerable : its spe- 
cific gravity varies from 2.3, to 4, according to the 
materials of which it is composed. When cold it is 
brittle ; but when at red-heat it is one of the most 
ductile bodies known, and may be drawn into threads 
nearly invisible to the naked eye. It is almost perfectly 
elastic, and of course is one of die most sonorous of 
bodies. Few chemical agents have any action upon it ; 
but fluaeic acid dissolves it with great rapidity. 

Although glass is chiefly made of sand, flints, fixed 
alkalies and metallic oxydes, yet diere are various other 
substances which frequently enter into the composition, 
and which should therefore not be wholly omitted in 
the description. “ Polverine” or “ Rochetta” is one 
that is procured from the Levant, and is prepared from 
a plantjcalled kali, which is cut down in the summer, 
dried in the sun, and burnt in heaps either on the 
open ground or on iron grates ; the ashes falling into a 
pit grow into a hard mass, and are fit for use when pu- 
rified. “ Kelp” which grows upon our coasts, and the 
wishes of the “ fucus vesiculosus” furnish a similar salt : 
to these we may add the “ barilla” of Spain. 

To prepare Ashes for making Glass . — Take what 
quantity and what sort of wood-ashes you will, except 
those of oak ; have a tub ready with a spigot and 
faucet towards the bottom, and in this tub put a layer 
of straw, and fling your ashes on it ; then pour water 
upon them and let4he ashes soak thoroughly until the 
water stands above them : let it thus continue over night, 
then draw out the faucet and receive the lye in another 
fob, put under the first for this purpose : if the lye 
looks troubled, pour it again on the ashes, and let it 
settle until it is clear and is of an amber colour. This 
clarified lye put by, and pour fresh water on the ashes ; 
let this also stand over night ; then draw it off, and you 
will have a weak lye, which, instead of water, pour 
upon fresh ashes ; the remaining ashes are of use in the 
manuring of land. After you have made a sufficient 
quantity of lye, pour it into an iron cauldron, bricked 
up like a brewing or washing copper, but let it not be 
filled above three parts full. On the top of the brick- 
work place a little barrel with lye ; towards the bot- 
tom of which bore a hole, and put a small faucet in, to 
let the lye run gently into the caldron, in a stream 
about the roundness of* a straw ; but this you must ma- 
nage according to the quantity of lye, for you ought to 
mind how much the lye evaporates, and make the lye 
m the b'arrel run proportionally to supply that diminu- 
tion. Care must be taken that the lye do not run over 
id the first boiling ; but if you find it will, put some cold 
lye to it, and slacken the fire, and let all the lye boil 
gently to a dr; salt: when this salt is cold, break it and 


put it into the calcar, and raise your fire by de- 
grees until die salt is red hot, yet so as not to melt 
it. If you think it calcined enough, take out a piece 
and let it cool, then break it in two, and if it is tho- 
roughly white, it is done enough ; but if there remain^ a 
blackness in the middle it must be put in the calcar 
again, until it comes out completely white. If you 
will have it still finer, you must dissolve it again; 
filtrate it, boil it, and calcine it as before : the oftener 
this is repeated the more will the salt be cleared front 
die earthy particles, and it may be made as clear as 
crystal and as white as snow. Of this may be made the 
finest glass possible. According to Dr. Merret, the 
best ashes in England are burnt from thistles and hop4 
stalks, after the hop are gathered : and among trees 
the mulberry is reckoned to afford the best salt The 
most thorny and prickly plants are observed' to yield 
better and more salt than others; also herbs that are 
bitter, as hops, wormwood, &c. Tobacco stalks, 
when burnt, produce likewise plenty of salt : and it is 
observed that fern ashes yield mbre salt than any other 
ashes. Dr. Thomson, to whose admirable work on 
chemistry we have been indebted for part of this article, 
says the fullest account of glass-making is to be found 
in a treatise by Neri, an Italian. Dr. Merret, an Eng- 
lishman, translated it into Latin, and enriched it with 
notes. Kunkel translated this Latin edition into Ger- 
man, with additions, which were the result of his own 
numerous experiments on glass-making. Kunkels work 
was translated into French in 1752. An elaborate ac- 
count of glass-making has been published in the “ Arts 
et Metiers and since that a small volume on glass- 
making has been written in French by Loysell. 

To make the Glass Frit . — Take white silver sand ; 
wash it, and separate all the impurities from it, and let 
it dry, or rather calcine it. Of this take sixty pounds, 
and of prepared ashes thirty pounds, mix them well to- 
gether, then set them in the melting furnace ; the lon- 
ger it i9 melting the clearer will the glass be made. If 
it stands for two days and two nights, it will be fit to 
work with, or to tinge with what colour you please. 
Before you work it, add forty pounds of lead and half a 
pound of manganese to it. Or, take ashes, prepared 
as above', sixty pounds, of prepared silver sand one 
hundred and sixty pounds, arsenic four pounds, white 
lead two pounds, clear dry nitre ten pounds, borax two 
pounds; mix all well together, and proceed as has been 
directed, and you will have a beautiful crystal. . 

Glass-blowing . — Glass-blowing is the art of forming 
vessels of glass. The term, however, is exclusively 
applied to those vessels which are blown by the mouth. 
The operation is exceedingly simple : the workman has 
a tube of iron, the end of which he dips into a pot o£ 
melted glass, and thu9 gathers a small quantity of. glass 
| on the end of it; her then applies the other end of the 
! tube to his mouth and blows air through it, this air en- 
ters into the body of the fluid glass, and expands it out 
; into a hollow globe, similar to the soap bladders blown 
from a tobacco-pipe. Various methods are used to 
i 5 C bring 
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Ining fotsO hollow globe* into forms of the different 
utensils in common domestic use. The first and 
greatest of die glass-blower** implements is the furtiace, 
which consists of two large domes set one over the 
other ; the lower one stands over a long grkting (on a 
level with the ground,) on which the fuel is placed ; be* 
aeoth the grate is the ash-fit, and a large arch leading 
to it conveys air to the furnace. In the odes of the 
lower dome, as many holes or mouths are made as 
there are workmen to make use of the furnace, and 
before each mouth a pot of melted glass is placed. 
The pots are very large, like crucibles, and will 
hold from three to four hundred weight of liquid glass : 
they are supported upon three small piers of brick- 
work, resting on the floor of the furnace. The form 
reverberates the flame from the roof down upon the 
pots, and they are placed at some distance within the 
furnace, that the flame may get between the wall and 
the pots. The upper dome is built upon the other, 
and ns floor made flat by filling up, round the roof of 
the lower dome, with brick-work; there is a small 
chimney that opens from the top of die lower dome into 
the middle of the floor of the upper one, which conveys 
die smoke away from it, and a flue from the upper 
dome leads it completely from the furnace. The upper 
dome is used for anoeamg the glass, and is exactly si- 
milar to a large oven ; it has three mouths, and in dif- 
ferent partrb small flight of steps leads up to each. A 
green-glass furnace is square ; and at each angle it has 
an arch for annealing or cooling glasses or botdes. The 
metal is wrought on two opposite sides, and on the 
ether two they have their colours, into which are made 
linnet holes for die fire to come from the furnace to 
bake the frit, and to discharge the smoke. Fires are 
made in the arches to anneal the work, so that the 
whole process is done in one furnace.' These furnaces 
most not be of brick, but hard sandy stones. In 
France they build the outside of brick ; and the inner 
part, to bear the fire, is made of a sort of fullers earth 
or tobacco-pipe clay, of which they also make their 
melting pots. In Britain the pots are usually made of 
Stourbridge day. It is observed, that the roughest 
work in this art is the chauging the pots when they are 
worn out or cracked. In * this case the great working 
hole must be uncovered; the faulty pot must be taken 
out with iron books and forks, and a new one must 
be speedily put in its place through the flames (for 
glass-furnaces are always kept burning) by the hands 
only. In doing this the man guards himself with a 
garment made of skins, in the shape of a pantaloon, 
that covers him all but his eyes, and is thoroughly wet- 
ted aH over : his eyes are defended by proper shaped 
glass of a green colour. 

We now come to describe the smaller implements, 
which are as follows: 1. A bench, or stool, with two 
arms at its ends, which are a little inclined to the hori- 
zon. i. A pair of shears, or rather pliers, formed of 
one piece of steel: they have no sharp edges and spring 
open pf themselves if permitted. 3 A pair of com- 


passes to measure the work, and ascertain when k is 
brought to * the proper size. 4. A pair of common 
shears for cutting Boft glass. 5. A blowing-pipe, which 
is a wrought iron tube, three or four feet long, covered 
with twine at the end by which it is held. We may 
now explain foe use of these tools in the manufacture 
of some vessel, as a lamp, &c. The operation is con- 
ducted by three workmen. The first takes the blowing- 
pipe, and after heating it to a red-heat at the month 
of the furnace, dips it into the pot of melted glass, at 
the same time turning k round that it may take up the 
glass, which has then much the consistence of turpen- 
tine ; in the quantity of metal be is guided by, expe- 
rience, and must proportion it to the size of the vessel 
to be blown ; he then brings it from the furnace to the 
stool, and rolls the lump of glass upon it to bring k to a 
found form, after which he blows through the pipe, 
resting the glass upon an iron plate behind the stool 
and rolling it backwards and forwards. The blowing 
makes foe glass bollaw> and he has several methods of 
bringing it to a proper shape to be worked ; by simply 
Mowing, it would assume a figure nearly globular ; if he 
wants it any bigger, in foe equatorial diameter, be lays 
the pipe on a book driven into the side of the stool and 
turns it round very quickly, the centrifugal force soon 
enlarges it in foe equator. If, on foe other hand, he 
wishes to lengthen lte polar diameter he holds the pipe 
perpendicular, the glass hanging downwards, its weight 
lengthening it, and to shorten the polar diameter he 
holds the pipe upright, the glass at the lop ; by blowing 
through the pipe the capacity is increased, and the 
thickness of the glass of the vessel diminished. We now 
suppose, that by a very dexterous application of the 
above methods the workman has brougut it to a proper 
shape; be now carries it to foe mouth of the furnace, 
and holds it in to get a fresh heat, (for by this time k is 
become too stiff to work easily), taking care to turn it 
round slowly, that it may not alter its figure. The ves- 
sel in this stage is delivered to foe second, or principal 
workman, the other two being only assistants; be is 
seated upon the stool, and lays foe blowing-pipe with 
foe glass at its end across its arm, and with his left hand 
rolls the pipe along foe arms, turning the glass and pipe 
round at foe same time; in his right hand he holds foe 
pliers, whose blades are rubbed over with a small piece 
of bees-wax, and as foe glass turns round be presses the 
Made of foe shears against it, following it wkh the 
shears as it rolls, at foe end or side as occasion requires, 
until be has brought it to the proper Bize, which h$ 
determines by foe compasses, though not materially al- 
tering its figure, the first workman kneeling on the 
ground, and blowing with his mouth at the end of th# 
pipe when directed by his principal. The third work- 
man now produces a small rod, which is dipped into 
the melting-pot to take up a small piece of metal to 
serve as cement ; the end of this rod he applies to foe 
centre of the glass just opposite foe blowing-pipe, the 
principal workman directing it by holding its end be- 
tween his pliers ; the rodby foe small piece of glass on 
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its end immediately sticks- to the glass vessel, and the 
third workman draws it away, both workmen turning 
their rods round, but in contrary directions ; this ope- 
ration forms a short tube on the end. The principal 
workman then takes the short tube between die blades 
of a pair of pliers exactly like the others, but which 
are not covered with bees- wax ; the cold of these pliers 
instantly cracks the glass all round, and a very slight 
jerk struck upon the rod breaks it off. A hole is now 
made in die end of the glass, which is enlarged by the 
pliers while the glass is turned, until the neck is brought 
to the proper size and length to fit the brass cup as be* 
fore described, and the inferior half of the lamp is 
brought to its shape and size in the same manner. In 
order to form the upper half, the third workman has in 
the mean time been preparing a round lump of glass on 
the end of one of the rods, which he applies hot to the 
end of die neck, it being guided by the principal work* 
man, and it immediately holds tight ; he then breaks 
Off the other neck by the cold pliers, and thus separates 
it from the blowing-pipe. The glass is now heated a 
third time, and brought from the furnace to the princi- 
pal workman, who enlarges the small orifice at the end 
by turning it round, and holding the pliers against it 
ssetii he enlarges it to the right shape: it is now 
finished, and the third workman takes it to a stool 
etrewed over with small coals ; he rests the rod upon the 
edge of the stool, and with a file files the joint at the | 
bottom neck, it soon breaks off and the lamp falls upon 
the coals, the distance being so very small as to 
be in no danger of breaking ; a boy now puts the end of 
a long stick into die open mouth of the glass, and thus 
carries it to the annealing oven where it remains some 
hoars ; when taken out it must, be cooled gradually, 
and is fit for sale. 

Method of making Plati-Glats.—The materials of 
the finest plate-glass are white sand, soda, and lime, to 
which are added manganese and zaffre, or any other 
osyde of cobalt for particular colouring purposes. The 
sand is of the finest and whitest kind, and is previously 
passed through a wire sieve of moderate closeness into 
water, where it is well stirred and washed till all dirt 
and impurity are got rid of. The sharpest mined sand 
Is preferred, and indeed k is found that the grains of 
moderate size melt with the alkali sooner than either 
the very fine dost of the larger fragments. The alkali 
used is always soda, and there seems good reason to 
prefer this to potash, as glasses made with soda are 
found to be softer and to flow thinoer when hot, and 
yet to be equally durable when cold. Besides, the neu- 
tral salts with the basis of soda, which constitute the 
glass-gall m this instance, such as die muriate and sul- 
phate of soda, appear to be dissipated more readily by 
die fire than the corresponding salts of potash. Lime 
is of considerable hse, aud adds much to the fusibility 
of the other materials, supplying in this respect the 
use of litharge in the flint glass. Too much lime, 
however, impairs the colour and solidity of the glass. 
The colouring, or rathey discolouring substances used 


are assure, or eobalt blue,' and manganese.* The latte? 
is here in the state in which its effects is that of giving a 
slight red tinge, which mixes with the blue of the 
cobalt, and the natural yellow of the other materials; 
and if properly proportioned they neutralize each other 
so that scarcely any. tint remains- Besides these ingre- 
dients them is always a great quantity of fragments of 
glass arising from what is spilt in the casting and dm 
ends cut off in shaping the plates, which are made 
friable by quenching in water when hot, and used in 
this state with the fresh materials. Of the above ma- 
terials the sand, soda, lime, and manganese are first 
mixed together with great pare, and are fritted iu small 
furnaces built for this purpose, the beat being gradu» 
ally raised to a full red-white, and kept at this point 
with frequent stirring fill the materials undergo no 
further change, nor give any kind of, vapour. The 
amre and the glass fragments being already perfectly 
| vitrified, are not added fill towards the end of the pror 
cess, which lasts about six hours. The glass-house lbs 
this manufacture differs in several particulars from the 
common houses, for blowing glass, being about eighteen 
fleet long and fifteen wide, made of good bricks. They 
are particularly distinguished from the common fur? 
uaces by containing two kinds of crucibles ; the larges 
ones, called “ pots, are in the form of an inverted and 
truncated cone, and in these the glass is melted, The others 
are smaller, called “ cuvettes. Another essential part 
of this furnace is the flat table (of which there is one 
corresponding with each pot), on which the glass is cast. 
These tables are of copper-plate, about ten feet tty six* 
supported by masonry ; and contiguous to each, on the 
same level, are flat ovens heated from underneath, upon 
which the glass when cast and sufficiently cooled may bt 
slid without difficulty from off the table, and then am* 
nealed. The tops of the flat oven and the table are on* 
level with the corresponding opening of the furnace* 
whence the cuvettes are withdrawn. When the glass is 
thoroughly melted and fine, the cuvette is filled in the fob 
lowing way ; the workman takes a copper ladle about ten 
inches in diameter, and fixed to an iron handle seven 
feet long, plunges it into the glass-pot, brings it up full 
of melted glass and smpfies it into the cuvette# the 
ladle being supported at the bottom by a strong iron 
rest held fry two other workmen, lest the red-hot cop* 
per should bend and give way with the weight of thn 
glass within. The cuvette being filled is suffered to 
remain in the furnace for sdme hours, that the bubbles 
formed by this disturbance of the glass may have entirely 
disappeared, and the samples taken out from time to- 
time become quite clear and limpid. The door of the 
furnace is now opened, the cuvette is slid out and pulled 
upon a low iron cradle, and immediately drawn on to ■ 
the side of the copper table, where it is hoisted by 
a tackle and iron chains, and overset upon a tsbky 
on which a thick flood of melted glass flows and 
spreads in every direction to an equal thickness. I tit 
then made quite smooth and uniform at the surface, . 
by passing over it a heavy hollow roller Of cyliodyr of. 
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copper made true and smooth by turning, after it is cast, 
and weighing about 500 pounds. At the same time, 
the empty cuvette is returned by the iron cradle to its 
proper place within the furnace. The number of 
workmen required for the whole process of casting is at 
least twenty, each of which has his separate employ- 
ment. The plate being cast, the inspector examines 
whether there are any bubbles on any part of the sur- 
face, and if found, the plate is immediately cut up 
through them. The plate being now cool is slid by an 
iron instrument from die casting table to the contiguous 
annealing oven, previously well heated, and is carefully 
taken up and ranged within it. Each oven will contain 
six entire plates, and when full, all the openings are 
stopped with clay, and the plates allowed to remain 
there for ten days or a fortnight, to be thoroughly an- 
nealed. When fit to be taken out of the annealing oven 
they are sent away to receive all the subsequent opera- 
tions of polishing, silvering, &c.; but first the edges are 
cut smooth and squared. This is done by a diamond, 
which is passed along the surface of the glass upon a 
square ruler in the manner of glaziers, and made to cut 
into the substance of the glass to a certain depth. Hie 
cut is opened by gently knocking with a small hammer 
on the under side of the glass just beneath, and the 
piece comes off, and the roughnesses are removed by 
pincers. The plate4s then finished as far as the glass- 
house business is concerned. The glass is now to be 
polished, which is done with sand and water ; the glass 
being first fastened down to a wooden frame, with 
plaster of Paris, the operation is performed by means 
of another glass, fastened in a frame, which is made to 
rub upon the other, wet sand being interspersed between 
the two. As the'surfaces of the plates wear down, the 
sand is used finer and finer. Emery is next used of two 
or three degrees of fineness, which brings the glass to 
an even surface, but it is still perfectly opaque. To 
render it transparent, colcothar, which is the residue 
left in the retorts of the aquafortis makers, is applied. 
The polishing instrument is a block of wood, covered 
with several folds of cloth and carded wool, so as to 
make a firm elastic cushion. This block is worked by 
file hand ; but to increase the pressure of the polisher, 
the handle is lengthened by a wooden spring, bent to a 
bow three or four feet long, which, at the otlier extre- 
mity, rests against a fixed point to a beam placed above. 
The plate is now fastened to a table with plaster, co- 
vered with colcothar, and the polisher begins his ope- 
ration by working it backwards and forwards over the 
surface of the plate till one side is done ; then die other 
is to be polished in the same manner. 

Crown-glass is the name given to die best window 
glass, the composition of which varies very consider- 
ably : but a good glass of this kind may be made with 
200 parts of soda, 300 of fine sand, 33 of lime, and 
from 250 to 300 of the ground fragments of glass that 
has already been worked. A small quantity of arsenic 
is sometimes added to facilitate the nision. Zafre, or 
the oxyde of cobalt, with ground flint is often used, to 


correct the dingy yellow which the inferior kind of 
crown-glass iftturally acquires. The manufacture of 
\ the common window glass, though made by blowing, is 
carried on very differently from that of the common 
flint glass articles, as the object is to produce a large 
flat and very thin plate, which is afterwards to be cut by 
the glazier’s diamond into the required shapes and sizes. 
It is difficult to convey to the reader a proper and pre- 
cise idea of the process by mere description, but it may 
be mentioned, that the workman takes a large mass of 
glass on the hollow iron rod, and by rolling it on an 
iron plate, and swinging it backwards and forwards, 
causes it to lengthen by its own weight into a cylinder, 
which is then rendered hollow by blowing with a force 
of breath till it is brought out to the requisite thickness. 
The hollow cylinder is then opened by holding it to the 
fire, which, by expanding the air confined within it (the 
hole of the iron rod being stopped) bursts it at its weakest 
part; and when still soft it is ripped up through its 
whole length by iron shears, opened out into a flat sur- 
face, and then it is finished by annealing as usual. 

Common green bottle glass is another kind, which is 
made almost entirely of sand, lime, and sometimes 
clay, alkaline ashes of any kind, according as cheapness 
or convenience direct, and more especially of kelp in 
this country ; of barilla varec and the other varieties of 
soda, in France ; and of wood ashes in many parts of 
Germany, and in North America. The following com- 
position has been given as a good and cheap material 
for bottle-glass, 100 parts of common sand, 50 of 
varec (a coarse kind of kelp made on the western coasts 
of France) 160 of the lixiviated earth of ashes, 30 of 
fresh wood ash, SO of brick clay, and about 100 of 
broken glass. Bottle-glass is a very hard, well vitrified 
glass, not very heavy relatively to its bulk, and being 
fused at a very high degree of heat, and from ot(ier 
circumstances, it resists the corrosive action of all liquids 
much better than flint-glass. Besides being used for 
wine and beer bottles, it is much employed for very 
large retorts, subliming vessels, and other processes 
of chemistiy, for which it is admirably adapted, being 
able to bear as much as a pretty full red-heat, without 
melting or sinking down into a shapeless lump. 

| Compositions for White and Crystal-Glass . — To 
| make crystal-glass, take of the whitest terso, pounded 
small, and sifted as fine as flour, two hundred pounds ; 
of the salt of poiverine one hundred and thirty pounds; 
mix them together, and put them into the furnace called 
the calcar, first heating it. For an hour keep a mo- 
derate fire, and keep stirring the materials with a proper 
rake, that they may incorporate and calcine together; 
increasing the fire for five hours ; after which the matter 
is taken out, being sufficiently calcined, and is called 
frit. After this, remove it immediately from the calcar 
to a dry place, and cover it up from dust, for three or 
four months. : Now, to make the crystal glass, take of 
the above crystal frit, called also bollito, and set it in 
the melting pots in the furnace, adding to it a due 
quantity of manganese ; when the two are fused, cast the 
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floor into fair water, to clear it of the salt called sandi- 
er, which would otherwise make the crystal obscure 
and cloudy. This washing must be repeated again and 
again, till the crystal be fully purged ; or this scum may 
be taken off by proper ladles. Now set it to boil for 
four, five, or six days ; which being finished, see whe- 
ther it have manganese enough, and if it be yet greenish, 
add more manganese at discretion, by little and little at a 
time, taking care not to over dose it, because it will in- 
-line it to a blackish hue. Let it clarify, and become 
of a shining hue ; which done, it is fit to be used, and 
blown into vessels of any kind. Or, ISO parts of fine 
sand, 40 of purified pearl-ash, 35 of litharge, 13 of 
nitre, and a small quantify of black oxyde of manga- 
nese, make a good glass. 

Compositions for Flint-Glass . — Flint-glass, as it is 
usually called by us, is of the same general kind with 
that, which, in other places, is called crystal-glass. It 
ltas this name from its having been originally made with 
calcined flints, before the use of white sand was under- 
stood ; and it has retained this name, though there are 
now no flints used in its composition. This glass differs 
from the crystal-glass in having lead iu its composition, 
to flux it, and white sand for its body, whereas the 
fluxes used in the other are salts, or arsenic, and the 
tody-consists of tarso, white river pebbles, and such kind 
of stones. To the lead and white sand a due proportion 
<jf nitre is added, and a small quantify of magnesia. 
The most perfect kind of flint-glass is made by fusing, 
in a very strong fire, one hundred and twenty pounds of 
white sand, fifty pounds of red-lead, forty pounds of 
the purest pearl-ash, twenty pounds of nitre, and five 
ounces of magnesia. Another composition of flint- 
glass is said to be the folldWing: one hundred and 
twenty pounds of white sand, fifty-four pounds of the 
purest pearl-ash, thirty-six pounds of red-lead, twelve 
pounds of nitre, and six ounces of magnesia. To 
cither of the above compositions a pound or two of 
arsenic may be added, to increase the flux of the com- 
position. A still cheaper flint-glass may be made with 
one hundred and twenty pounds of white sand, thirty- 
five pounds of the best pearl-ash, forty pounds of red- 
lead, thirteen pounds of nitre, six pounds of arsenic, 
*and four ounces of magnesia ; or, instead of the arsenic, 
may be substituted fifteen pounds of common salt ; but 
this will make it more brittle than the other. But the 
cheapest of all die compositions hitherto employed, 
consists of one hundred and twenty pounds of white 
wand, thirty pounds of red-lead, twenty* pounds of the 
•best pearl-ash, ten pounds of nitre, fifteen pounds of 
common salt, and six pounds of arsenic. Or, 100 
parts of sand, 80 to 85 of red-lead, 35 to 40 of pearl- 
ash, two or three of nitre, and one ounce of man? 
ganese. The oxyde of lead may be reduced in this 
glass. 

Of sihering Glass . — Glass when smoothed and po- 
lished does not acquire the property of reflecting ob- 
jects till it has been silvered, as it is called, an opera- 
tion effected by means of an amalgam of tin and quick- 


silver. The tin-leaf employed must be of (he size of 
the glass, because, when pieces of that metal are united' 
by means of mercury, they exhibit , the appearance of. 
lines. Tin is one of those metallic substances which 
become soonest oxidated by the means of mercury. If 
there remains a portion of that oxyde or calx, of a 
blackish gray colour, on the leaf of tin, it produces a 
spot or stain in the mirror, and that part cannot reflect 
objects presented to it : great care, therefore, is taken 
in silvering glass to remove the calx of tin from the sur- 
face of the amalgam. The process is as follows : — 
The leaf of tin is laid on a very smooth stone table, 
and mercury being poured over the metal, it is ex- 
tended over the surface of it by means of a rubber 
made of bits of cloth. At the same moment the sur- 
face of the leaf of tin becomes covered with blackish 
oxyde, which is removed with the rubber. More mer- 
cury is then poured over the tin, where it remains at a 
level to the thickness of more than a line, without run- 
ning off. The glass is applied in a horizontal direction 
to the table at one of its extremities, and being pushed 
forwards it drives before it the oxyde of tin which is at 
the surface of the amalgam. A number of leaden 
weights, covered with cloth, are then placed on the 
glass which floats on die amalgam, in order to press it 
down. Without this precaution the glass would exhibit 
the interstices of the crystals resulting from the amal- 
gam. These crystals have the form of large square 
laminae irregularly disposed. 

To obtain leaves of tin, which are sometimes six ot 
seven feet in length, with a proportionate breadth, they 
are not rolled but hammered after the manner of gold- 
beaters. The prepared tin is first cast between two plates 
of polished iron, or between two smooth stones not of a 
porous nature, such as thunder-stone. Twelve of these 
plates are* placed over each other; and they are then beat 
on a stone mass with heavy hammers, one side of which 
is plain and the other rounded. The plates joined toge- 
ther are first beaten with the latter : when they become 
extended the number of the plates is doubled, so that 
they amount sometimes to eighty or more. They are 
then smoothed with the flat side of the hammer, and 
are beat till they acquire the length of six or seven feet, 
and the breadth of four or five. The small block of 
tin from which they are formed is at first ten inches 
long, six in breadth, and a line and a quarter in thick- 
ness. When the leaves are of less extent, and thin, from 
eighfy to a hundred of them are smoothed together. 

Tin, extracted from the amalgam which has been 
empkfyed for silvering glass, exhibits a remarkable pe- 
culiarity. When fused in an iron pan, its whole sur- 
face becomes covered with a multitude of tetraedral 
prismatic crystals, two or three lines in length and a 
quarter of a line in thickness. The interior of these 
pieces of tin, when cut with a chisel, have a grayer tint 
than pure tin, which is as white as silver. The latter 
crystallizes also by cooling ; but it requires care. When 
it begins to be fixed, decant (he part which is still in 
fusion, and there will remain at the bottom of the crti- 
5 D cible 
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cible beautiful crystals of a dull white colour, which | state, with less beat than Ls sufficient to melt such other 
appeared to me to be cubes or paraltelopipedons. kinds of glass as may be chosen for the ground or bocfy 

Painting on Glass . — The primitive manner of paint- to be painted, to temper these colours, so as to make 

ing on glass was very simple, and, of consequence, them proper to be worked with a pencil, and to bum 
very easy; it consisted in the mere arrangement of or reduce them by heat, to a due state of fusion, with- 
pieces of glass of different colours, in some sort of! out injuring or melting the glass which constitutes the 

symmetiy ; and constituted a kind of what we call Mo-! body painted. The first thing to be done, in order to 

saic work. Afterwards, when they came to attempt | paint on glass, in the modem way, is to design, and 
more regular designs, and even to represent figures even colour, the whole subject on paper. Then they 
raised with all their shades, their whole address went make choice of pieces of glass proper to receive the 
no farther than to the drawing the contours of the several parts, and proceed to divide or distribute the 
figures in black, with water colours, and hatching the design itself, or the paper it is drawn on, into pieces 
draperies after the same manner, on glasses of the co- suitable to those of glass ; having always a view that the 
lour of the object intended to be painted. For the! glasses may join in the contours of the figures, and the 
carnations they chose glass of a blight red; upon which folds of the draperies; that the carnations aud other 
they designed the principal lineaments of the face*, 8tcJ finer parts may not be damaged by the lead wherewith 
with black. At last, the taste for this sort of painting the pieces are to be joined together. The distribution 
being considerably improved, and the art being found being made, they mark all the glasses, as well as papers, 
applicable to the adorniug of the churches, basilicas,! with letters or numbers, diat they may be known agaiu; 
$Cc., they found means of incorporating the colours' which done, applying each part of the design on the 
with the glass itself, by exposing them to a proper de- glass intended for it, they copy or transfer the design 
gree of fire, after the colours had been laid on. upon this glass, with the black colour, diluted in gum 

Those beautiful works, among the painters in glass, water, by tracing and following all the lines and 
which were made in the glass-house, were of two strokes, as they appear through the glass, with the point 
kinds : in some, the colour was diffused through the of a pencil. 

whole body of glass ; in others, which were the more When these first strokes are well dried, which hap* 
common, the colour was only ou one side, scarcely pe- pens in about two days, the work being only in black 
netrating within the substance above one-third of a line ; and white, they give it a slight wash over, with tiring 
though this was, more or less, according to the nature gum arabic, and a little black ; and this several times 
of the colour, the yellow being always found to enter repeated, according as the shades are desired to be 
the deepest. These last, though not so strong and heightened ; with this precaution, never to apply a new 
beautiful as the former, were of more advantage to the wash, till the former is sufficiently dried. This done, 
workmen ; because, on the same glass, though already the lights and risings are given, by rubbing off the cor 
coloured, they could shew other kinds of colours, where lour in the respective places, W’ith a wooden point or 
there was occasion to embroider draperies, enrich them the handle of the pencil. 

with foliages, or represent other ornaments of gold, As to the other colours above-mentioned, they are 
silver, &c. In order to this, they made use of emery ; used with gum water, much as in painting in miniature, 
grinding, or wearing down the surface of the glass, till taking care to apply them lightly, for fear of effacing 
such time as they were got through the colour to the the outlines of the design ; or even, for the greater 
clear glass : this done, they applied the proper colours security, to apply them on the other side, especially 
on the other side of the glass. By this means the new yellow, which is very pernicious to other colours by 
colours were prevented from running and mixing among blending therewith. 

the former, when the glasses came to be exposed to the And here too, as in pieces of black and white, par* 
fire, as will hereafter be shewn. ticular regard must be always had not to lay colour o* 

When the intended ornaments were to appear white, colour, or lay on a new lay till such time as the former 
or silvered, they contented themselves to bare the gloss are well dried. It may be added, that the yellow is 
of its colour with emery, without applying any new co- .the only colour that penetrates through the glass, and 
lour at all ; and it was in this manner that they wrought incorporates therewith by the fire ; the rest, and parti- 
tbe lights and heightenipgs on all kinds of colours. "Hie cularly the blue, which is very difficult to use, remain?- 
painting with vitreous colours on glass depends entirely ing on the surface, or at least entering very little, 
on the same principles as painting in enamel, and the When the painting of all the pieces is finished, they are 
manner of executing it is likewise the same, except that carried to the furnace or oven, to aoneal or bake the 
in this the transparency of the colours being indispensa- colours. The furnace here used is small, built of 
, bly requisite, po substances can be used to form them brick, from eighteen to thirty inches square. At six 
but such as vitrify perfectly : and, therefore, the great inches from the bottom is an aperture to put in the 
object is to find a set of colours which are composed of fuel and maintain the fire. Over this aperture is a 
. such substances, as, by the admixture of other bodies, grate, made of three square bars of iron, which traverse 
may promote their vitrification and fusion ; are capable the furnace and divide it into two parts. Two inches 
of being converted into glass; and melting, in that above this partition is another little aperture, through 

which 
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which they take out pieces to examine how the opera- 
tion goes forward. On the grate is placed a square 
earthen pan, six or seven inches deep, and five or six 
inches less every way than the perimeter of the fur- 
nace. ' On one side hereof is a little aperture, through 
which to make the trials, placed directly opposite to 
that of the furnaces destined for the same end. In this 
pan are the pieces of glass to be placed in the following 
manner ; first, the bottom of the pan is covered with 
three strata or layers of quicklime pulverized; those 
strata being separated by two others of old broken glass ; 
the design whereof is to secure the painted glass 
from the too intense heat of the fire. This done, the 
glasses are laid horizontally on the last, or uppermost 
layer of lime. The first row of glass they cover over 
with a layer of the same powder an inch deep ; over 
this they lay another range of glasses ; and thus alter- 
nately till the pan is quite full, taking care that the 
whole heap always ends with a layer of the lime- 
powder. 

The pan thus prepared, they cover up the furnace 
with tiles on a square table of earthenware, closely v 
luted all round, only having five little apertures, one at 
each corner and another in the middle to serve as chim- 
neys. 

# Things thus disposed, there remains nothing but to 
give the fire to the work. The fire for the two first 
hours must be very moderate, and must be increased 
in proportion as the coction advances for the space of 
ten or twelve hours, in Which time it is usually com- 
pleted. At last the fire, which at first was only of 
charcoal is to be of dry wood ; so that the flame coverr 
the whole pan, and even issues out at the chimneys. 
During the last hours they make assays from time to 
time by taking out pieces laid for that purpose, through 
the little aperture of the furnace and pan, to see whe- 
ther the yellow be perfect, and the other colours in 
good order. When the annealing is thought sufficient, 
they proceed with great haste to extinguish the fire, 
which otherwise would soon burn the colours and break 
the glasses. 

We have been favoured with some practical in- 
formation on this subject by Mr. Collins, glass-manu- 
facturer of the Strand, near Temple Bar, and to him 
we are indebted for some valuable receipts, which we 
shall present to our readers. This ingenious gentle- 
man has always ‘specimens of his art by him, and be is 
exceedingly ready to give every information on the sub- 
ject to inquiring and scientific persons. He is now en- 
gaged upon a grand window for the cathedral at Exeter, 
and auother for his Grace the Duke of Norfolk, which 
will probably at least rival any of our modem manufac- 
tures in this way. 

“ Enamel colours and painting on glass,” says. Mr. 
Collins, “ differ totally from all others, it being requisite 
on glass that the colours used should appear transparent, 
and bear, (without blistering in the kiln) to be laid on 
very thick. In every other style of enamel painting, 
the fluxes must be so compounded as to bring the 
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beauty of the colour on the surface, and they do not 
require to be any thing like the sabstance compared to 
those used on glass. 

“ Crown window glass is the best for the purpose of 
enamelling upon, its principal composition or base - 
being silex, which is not only the best substance for 
receiving colours, but also by far the best as the base 
foir the fluxes. 

“ The best fluxes are obtained from finely calcined 
flints, lead and salts forming the fusing matter; these 
latter must be carefully used iu various proportions, as 
the colours or oxydes require. 

“ Receipts fou the Colours. — From gold 
only is prepared any pink or rose colours, although 
it has often been asserted that the French have pre- 
pared it from troit, which may sometimes answer for 
an orange-red, but will never produce a pink ; and is 
very far (even as a red) from being so fixed a colour as 
those made from gold, although it has been stated to 
be more so. In fact, a colour being well fixed (on 
the contrary) depends as much upon the properties of 
the flux being rightly prepared to receive it as on the 
oxyde or colouring matter itself, which experiment only 
can firmly elucidate. 

“ All metals should be as far removed from their 
metallic state as possible, and when in that state from 
which it would be the most difficult to restore it, it is 
best calculated for the purpose, therefore gold precipi- 
tated by tin is better than that by an alkali, being a 
much more perfect oxyde. Besides that, tin is the 
I firmest and best base for receiving and holding the co- 
lour struck from gold . 

“ In combining the fluxes so that they shall bear 
the greatest possible affinity for the oxydes intended, 
rests the principal art of colour-making. 

“ In the solutions of gold and tin, it is best to use 
more of the nitric and as little of the muriatic acid as 
possible, aud the larger the proportion of metal that 
can be dissolved in a certain portion of acids the 
better. 

“ In the solution of gold the beauty of the colour 
rests principally in the precipitate ; to obtain the best, 
use the water as hot as possible ; into about a pint of 
which drop a little gold (about 15 or 20 drops), then 
the tin most carefully by a drop at a time until it be- 
comes as nearly as possible the colour of port-wine at 
the edge of the bason ; it will then instantly precipi- 
tate itself. Wash it several times with very hot water $ 
it must now be mixed with its flux before it is suffered 
to dry. 

“ Rose colour should always be made from an oxyde 
that inclines to the pink (as it occasionally differs) ; the 
flux should contain scarcely any lead, a small portion 
of silver is then added and the whole finely ground be* 
fore dry. 

“ I have entered at greater length into the pink and 
rose colours produced from gold than oji any others, 
they being by far the most difficult to produce, and 
should never be made but on a bright and clear sun- 
shiny 
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shiny day, which I an persuaded lias great influence 
on die preparation, as yon near can produce this co- 
lour good with a damp atmosphere or a cloudy sky. 

“ Blue is made firota cobalt ; the best is that pre- 
pared by fire, as in Staffordshire, being more con- 
densed than that which is prepared by the acids. It is 
(hen fused with borax ground fine and washed several 
times; when dry, mixed with the flux and melted 
together. 

“ Purple is made from an oxyde that inclines to the 
blue, and the flux may contain a much larger portion 
of lead, &c. as the rose colour, only omitting the 
silver. 

“ Yellows are made from varied proportions of the 
oxydes of antimony and lead. Tin is best omitted and 
sifexused in its place; the whole to be well melted. 

a Orange. Prepared as the yellow, only introducing 
a small quantity of the purple oxyde of gold, and melted 
as yellow. 

u Brown is made from manganese and antimony 
ground with the flux, and well melted together. 

: “ Black is best when made from good iron scales 
and oxyde of cobalt, with a little of the darkest possi- 
ble purple oxydes of gold, mixed with the flux and 
tiralted together. 

a Green is made from copper oxydated by fire, 
united with the flux, and well melted. It is then 
mixed with yeUow to produce a grass green, and with 
white enamel (made by arsenic) to produce a blue- 
gveen. 

* (t White, which is seldom used on glass, is made from 
arseuic mixed with the flux, and when in a state of fusion 
kept Well covered. Tin is* also considered, for some pur- 
poses, the only thing from which a good fixed white can be 


made, but all that I tyrve yet seen made m this country 
is very bad. The Venetian white enamel can only be 
depended on, which latter more particularly applies to 
enameling on copper.* 

“ Roby. That produced by the ancients is what has 
made the greatest noise, the art of making which being 
considered lost, and for this reason principally admired. 
But this is an error, as that beautiful colour is now 
made in as great perfection as ever, and equally well 
understood. Ruby may be made either from gold 
or copper. When made from the latter the colour 
is liable to change by various degrees of heat, any thing 
above a red-heat totally dissipating it. That made 
from gold is perfectly fixed, though not quite so deep a 
tint ; with this hitter, antimony, iron, and silver arc 
used. With the copper red tartar. 

“ Paintings on glass require infinitely more care in 
burning than enamel, both on account of the superior 
size aud brittleness of the substance ; it therefore requires 
many hours annealing. 

u In the preparing 'of glass aud enamel colours there 
is great difference ; but the oxydes or colouring matters 
are alike in all, excepting the yellow, which on glass is 
produced from silver, on enamel from antimony. 

“ A fine red i$ produced on glass by the union of 
silver and antimony.” 

* The hard white enamel is bat Vary little understood in tbb 
country. By some its base (ms I before obs e rved) is stated to be 
the oxyde of tin, but it is very doubtful. This is that substance 
used as the first ground or coating of the copper-plates for ena- 
mel painting, over which a somewhat mote transparent and softet 
enamel (termed fittx) is laid, which melting soaoer ‘than the tint 
is better adapted for receiving the colours. In this style of pais ^ 

I ing so little can be done before it is necessary to fire the picture, 

! that it frequently requires a dozen fires to complete a painting. 
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• Grazing is by no means unimportant ; it is one 
among the numerous dispensations of Providence to pro- 
mote the comfort and convenience of his people, in 
climates subject, by their position, more or less to the 
vicissitudes of an irregular atmosphere. The ancient 
nations were more favoured in these respects than the 
modems : hence they did not so much require the pro- 
tection to be derived from filling the apertures of their 
dwellings with glass, as is the case with us. And it is 
perhaps from this circumstance, that we find so very few 
notions among them of such an application. The win- 
dows discovered at Herculaneum and Pompeia were 


filled with squares of Amber, although glass was ndt 
unknown at the time ; but it might have been considered 
of too much importance to be appropriated to such a 
purpose. That the Greeks had windows in their build- 
ings, is ascertained from the ruins of their buildings 
still extant. The vestibule of the Temple of Miuerva 
Polias, leading to that of the Pandrosiutn at Athens, 
has windows, or at least apertures for their reception ; 
and from the nature of their construction, the marble 
jaum being adapted to receive in them a frame, it is 
probable these apertures were enclosed with some sub- 
stance of a diaphanous nature; as there can be no doubt 

bat 
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, but that they were left for the purpose of admitting 
light as well as perhaps air. Neither is it imagined 
that glass windows were very common even at Rome, 
although most of their celebrated authors frequently make 
mention of glass, but it was so rare as to be attainable 
only by the superior people. If it had been common, 
or at least in the way in which we are in the habit of 
considering it, Nero might have gotten his drinking 
glasses somewhat cheaper than he is reported to have 
done. Another circumstance also shews that glass 
was by no meaos brought to perfection, for instead of 
die Roman ladies using polished plates of it at their 
toilet, silver highly wrought and polished was adopted. 
It may be said, “ that although glass was not employed 
for mirrors it might have been for windows. To 
which it may be answered, “ if it had been common for 
the latter, it could not have long remained uncommon 
for the former, as the silvering we employ to make 
it answer that purpose could have been supplied by 
numerous other devices.” 

The first notice we have of the application of glass 
to the purpose of glazing windows occurs in Bede’s 
History de Locis Sanctis, c. 6, who, speaking of the 
church on Mount Olivet near Jerusalem, says, “ in 
the West front of it were eight windows, which on some 
occasions used to be illuminated with lamps, which 
shone so bright through the glass that the mount seemed 
in a blaze.” And the same author affirms, that the 
Abbot Benedict was the first who introduced the art of 
manufacturing of glass into this kingdom by bringing 
brer artists from the Continent for that purpose. This 
hapjiened about 6$), at which time architecture had made 
considerable progress, and many religious houses were then 
building and had been already erected. And if it be consi- 
dered to what perfection this business of glass had been 
brought even in a century or two after, particularly in the 
Work of staining and painting it, &c. it will not oe too 
much to infer that its improvement advanced with 
the architecture of the time ; to which it was so well 
adapted both to give it splendour as well as improve 
and add a variety by its contrast. 

Glazing, as it is now practised, embraces the cut- 
ting of all the varieties of glass manufactured for win- 
dows, together with fixing it in sashes by means of 
tacks and a stopping of putty ; also the forming of 
casements and securing die glass by bands of lead 
fastened to outside frames of iron. The glazier is in- 
trusted likewise with the windows for public buildings 
as well as private, composed of an infinite variety of 
eoloured and painted glass, embracing all the diversified 
tints in nature, so combined by opposing them in con- 
trary shades and figures as to produce a pleasing whole, 
or coup d’ceil. These departments constitute the pre- 
eminent employ of the glazier of the present time, and 
is that in which he .values himself most, upon in per- 
forming. We have now in London several tradesmen 
who have pursued this part of their business with a 
laudable zeal, and have produced specimens of colour- 
ing as well as painting on glass much superior hi point 


of drawing and arrangement to any that was done 
during the period of our ancestors. We have already 
referred to Mr. Collins in the Strand, and we may 
add Mr. Backlef of Newman-street, and Mr. Mil- 
ler of Swallow-street. This latter artist has been 
employed in the restoration of the windows to Henry 
the Seventh’s Chapel at Westminster, in which he 
has shewn an antiquarian knowledge highly credita- 
ble to his talents. He has also been engaged in the 
restoring of several windows in the cathedrals in the 
provinces, and has executed some superb windows 
for a villa at Sunbury, in Middlesex, each window 
having figures in groups after the paintiugs of Domeni- 
chino. They are painted in all the brilliancy of co- 
lours for which the original pictures were distinguished. 
The mode of charging for this kind of business is re- 
gulated by the design proposed to be executed. Plain 
colours in glass are not much more expensive than good 
common glass, and may be introduced to produce a 
very pleasing effect of itself, observing to vary the tints 
and shapes of the glass. Plain coloured glass is charged 
by the pound, while all other glass is charged by the 
foot superficial, and the former varies only as the 
difficulty and expense of the colouring. AH the com- 
mon tints, for instance, orange, greens, and reds, &c. 
are on an average charged from six to seven shillings 
a pound, and blues, 8cc. somewhat more. The manufac- 
ture of the real ruby, for which the ancient windows in our 
churches are so much distinguished is now lost; and no 
modem artist has yet been enabled successfully to imi- 
tate it ; of course all that is at present made use of is 
of the antient glass of that colour, and consequently be- ** 
comes very dear, and difficult from its scarcity to be 
obtained at any price. 

The most ancient species of glazing was in head- 
work, as our many cathedrals and religious houses, still 
extant, demonstrate ; and fixing glass in leaden frames 
is still continued for the same description of buildings* 
The business of a glazier, if considered in its most sim- 
ple operations, consists in fitting all the various kinds 
of glass manufactured and sold, into sashes previously 
prepared to receive them. The sashes as they are now 
made have a groove or rebate formed on the back of 
their cross and vertical bars adapted to admit die glass ; 
into these rebates the glazier minutely fits the squares, 
which he beds in a composition called putty. 

The putty consists of poonded whiting beaten up 
with linseed oil, and so kneeded and worked together as 
to make a tough end tenacious cement, and is of great 
durability ; this the glazier colours to suit the sashes he 
may have in hand. If they are common deal sashes, 
the putty is left and used as first manufactured ; but if 
they are mahogany, it is coloured with ochre till it 
approaches more nearly that of the sashes. 

In glazing whidows the colour of the glass is that on 
which the greatest beauty is given to tbe w,ork ; and to 
effect this successfully mauy different manufactories' 
have been established. The most usual kind of windows 
glass now found at the glazier's is called crown-glass ; 
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it is picked and divided at the manufoctoiy into the se- 
veral different kinds^which are known as first, seconds, 
and thirds, and which particularly denote the qualities 
of the several kinds of glass, the first being known as 
best crown, the next in quality second crown, and the 
last thirds, or third crown, the price of each varying 
according to the quality. The glass is in pieces called 
tables of about three feet in diameter each, and when 
selected and picked as above they are packed in crates, 
twelve of such tables being put in each crate of best 
glass, fifteen in the seconds, and eighteen in the thirds. 
The crates consist of an open framing of unhewn wood, 
apd the glass is packed in them in straw for security. 
The glaziers purchase such glass by the crate, although 
the duty on it is collected by the pound. The price of 
a crate of glass varies as its quality, the best crown 
being now (since the late additional duty) worth per 
crate about four guineas, the seconds three, and the 
thirds two guineas. There are several manufactories 
for what is called crown-glass, but the most esteemed 
in the market is that which is made at Newcastle and 
in its neighbourhood. 

Green glass is another of these species, and which is 
greatly in demand for all the purposes in which colour 
is not so particularly sought for. This sort of glass is 
used in the glazing of the windows of cottages, also for 
green and hot-houses, to which it is found to answer 
every purpose. It is not more than one-half the cost 
of the crown-glass. The green-glass appears to have 
been the most ancient kind made use of, as most of the 
vestiges remaining in the old windows approach very 
nearly in their quality to what is now sold under that 
designation* The glaziers also prepare the crown-glass 
so as to produce an opaque effect ; it is adapted to pre- 
vent the inconvenience of being overlooked. It is 
technically called ground-glass, which is not improper, 
inasmuch as it is rendered opaque by nibbing away the 
polish from off its surface, to do which the glazier takes 
care to have the sheets or panes of glass brought to their 
roper size, then they are laid down smoothly as well as 
rm, either on sand, or any other substance which is 
adapted to admit of its lying securely. He then rubs it 
with sand and water or emery till the polish be completely 
removed ; it is then washed, dried, and stopped into the 
window for which it was prepared. There was a species of 
glass made at Venice originally, which was manufac- 
tured wholly for this purpose, and is now to be seen in 
many counting-houses and old buildings. Its general 
appearance presented an uneven surface, appearing as 
though indented all over with wires, leaving the inter- 
vening shapes in the form of lozenges. This glass was 
very thick and strong, and is of the description known 
as plate-glass. None of it has been imported into 
England for many years past ; in consequence of which 
grinding the crown-glass, as above described, has been 
made use of to answer the same purpose. How- 
ever, at this time it is manufactured and sold in tables 
at the depot for plate glass lately established in East- 


Smithfield, where it is known and sold udder the de* 
nomination of Venice plate-glass. 

The crown-glass not admitting of being cut to very 
large sized squares, and as die fashion of making fold- 
ing sashes has become general, recourse has been had 
to obtain tables of sizes adequate to admit of pieces 
being taken out of them adapted to glaze such windows. 
This was first attempted at a glass-house at Ratcliff, 
near London ; it failed however, from there not being 
a demand capable of supporting such a manufactory. 
However, at this time the Newcaslte people are suc- 
ceeding in producing their tables iu size commensurate 
to answer almost every purpose. 

The most beautiful glass made use of is that sold 
by the British Plate-Glass Company in Albion Place, 
which is manufactured by them at Ravenscroft, in Lan- 
cashire. This glass is nearly colourless, and of a suf- 
ficient thickness to admit of its being polished to the 
greatest delicacy. From this depdt looking-glasses may 
be obtained of surprising dimensions in point of size ; 
and from hence it is that most of the plate-glass, so 
much the fashion in our windows at this time, is ob- 
tained. This company sell their glass in proportion to 
its size, the value increasing as it increases. At their 
warehouse are to be seen thousands of different sized 
plates, every one of which labelled of its size in indies 
only, as it is by inches that such glass is bought and 
sold. 

The glaziers, in glazing windows of plate-glass, strike 
it out to the size required by a fine diamond, after 
which they break off the pieces by pincers ; such glass 
varies in its thickness from one* eighth to as much as a 
quarter of an inch. Purchasers of glass of this Com- 
pany may almost always get suited in the sizes they 
may want at the depot in Albion Place, but if the 
pieces are larger than the size required, the loss occa- 
sioned by reducing it foils on the buyer, as he must pay 
for the whole of its admeasurement. But if an order 
be left to be executed, and time allowed to send to the 
manufactory at Ravenscroft, the glass is sent in sizes 
exactly corresponding to the order given, and will be 
charged as such only : this circumstance is of some im- 
portance when large quantities are required, as is not 
unfrequently»the case at this time, when plate-glass is 
so much in foshion. The company often require three 
qr four months to execute an order of any magnitude. 
The value of such kind of glass is very considerable in 
comparison of the other sorts, common sized squares 
for windows amounting from two to three pounds each, 
and sometimes, in French windows, as high as five 
pouuds. It is, nevertheless, so much preferred at this 
time, that even our shop windows in the leading streets 
are daily becoming glazed with it. 

There are also many other sorts of plate-glass in use, * 
among these, that which is called German-sheet is the 
most esteemed ; its polour is beautiful, being the most 
colourless of any made, but its outside appearance is 
disagreeable, arising from its appearing so uneven nr 

wavy# 


Digitized by t^ooQle 



GLAZING; 


383 


Wavy. Indeed it resembles, on its outside, a substance glass. The grozing-iron was an instrument made, in its 
which has been subjected to the hammer. The plate- shape, not unlike a key such as is used for the purpose 
glass seen in windows, of a red tint, was much in use of opening and shutting locks ; it had wards in its sides 
about twenty years since, and is of German manufac- which were applied to scratch the surface and snap off 
ture, and known among the glaziers as Bohemian plate- the part required to be separated. The diamond now 
glass ; its colour at first was calculated to strike, but co- in general use is as complete for this purpose as can 
lour is no recommendation to glass, and hence it is possibly be wished, as, by drawing it merely over the 
now almost quite laid aside. glass to be cut, its surface becomes so regularly frao 

Glaziers value their work by feet, inches, and parts, tured as to allow, by a small pressure downwards, the 
and the value of the glass increases as that of the size piece operated upon to be easily removed, and that • 
of its squares. Their charges are regulated by the without much chance of accident. For this purpose, 
Master and Wardens and Court-assistants of the Com- the diamond spark must be left in its natural state as 
pany of Glaziers, who are generally not very unmindful found in the mines, as its principal virtue lies in its 
of themselves. The table of their present charges runs outward-coat It is ascertained that when it is cut or 
thus : — j polished it loses all its power in promoting the fracture 

Best crown, in squares, not exceeding 3 ft. I ^ ^ on the glass. To make the diamond useful to the gla- 

in each square zier, it is fixed in lead secured by a ferrule of brass. 

Ditto, ditto, £ ft. 6 in. in each square . . 3 4 which is fastened to a handle of ebony or other hard 

Ditto, ditto, g ft. ditto 3 £ wood, the whole together not assuming a size larger 

Ditto, ditto, under g ft. ditto .... 30 than a moderate sized drawing-pencil. The diamond, 

Second crown, of similar proportions, is about 10 thus described, constitutes the principal working-tool of 
per cent, cheaper than the best crown. the glazier, and its scarcity renders its value to a jour- 

And thirds, in a proportion of 10 per cent, still neyman of some little importance; some masters in 

cheaper than the seconds. this business supply their men with this tool, while 

Green-glass is the cheapest window glass made, and others require them to find their own. The other tools 

is put into new sashes at a price not exceeding eighteen which they use consist of & rule, commonly of three 
pence per foot. feet in length, divided into, thirty-six parts or inches. 

All kinds of bent-glass, for circular or other win- and each part or inch again divided into fractions, 
dows, varies in its price in proportion to its size and to With this rule the squares and tables of glass are di- 
the trouble in obtaining and fitting it in. vided, and cut to the several sizes wanted. A glazier 

Cottage, and some kind of church-windows are also wants several small straight-edges for the diamond 
glazed in squares, or other figures, in leaden rebates, to work against. A straight-edge consists merely of a 
such kind of glass, when so fitted in windows of the thin piece of mahogany, or other -hard wood, about 
shape of a rhombus, are technically called “ quarries." two inches wide, and .'one-eighth of; an inch in thick* 
The lead for such windows is cast and drawn for the ness, wrought quite parallel; having its faces right and 
purpose, and purchased by the glaziers in packages by left splayed off a little to allou^ofi the diamond being 
the cwt ; it is cut to the sizes and lengths required, drawn more correctly against its edge; They have also 
and soldered together at their intersections : the leaden stopping-knives for bedding the glassSn the wooden re- 
work is of various sizes in proportion to the strength of bates of the sashes ; a stopping-knife is no more than 
the work for which it is wanted. This metal, which is an instrument similar to a common dinner-knife reduced 
used instead of the cross-bars of sashes, is so soft as to in the length of the blade to about three inches, and 
be easily bent where the groove is left in it for the ground away on each of its edges till they approach to an. 
glass ; one side or cheek of which is pressed down all apex. With this knife he smooths and spreads the 
round, the shape left in it for the glass by a small tool putty to secure the glass in the sashes. Inrepairs of 
called a stopping-knife, and the quarry is put into, the windows for broken squares, which the glazier calls 
place so made for it, and, with the same tool, the side “ stopping in," Or “ squares stopped in," he makes use 
of the groove which had been thus bent down to admit of another knife for the purpose of hacking out the old 
it, is raised up to the quarry, and is afterwards smooth- putty, and which is termed the “ hacking-out tool," and 
ed close to it. These kind of windows are farther consists literally of no more than an old brokeu knife 
strengthened by vertical and cross bars of iron, to which ground sharp on its edge, and also at the end where' 1 it 
the leaden ones are secured by bands soldered to the has been broken off from the rest of the blade. The 
latter, and bent and twisted round the former; in cot- old putty is cut out of the rebates by applying the 
tage windows these bars are often of wood to which hacking-out tool all round them, by striking it at its 
the bands are fastened in a similar manner. thickest or upper edge with a common small hammer until 

Glaziers now cut all their glass out with the diamond, the whole of the old putty is removed, which, when 
whereas formerly an iron was made use of for that pur- done, the rebate of the sash is scraped and smoothed 
pose, called a grozing-iron : there is reason to believe all round by the stopping-knife, and the new square of 
that this process was tedious, and even difficult; and, glass is cut into the sash, bedded in putty, and finished, 
perhaps, inapplicable to the separating of the plate- The glazier also requires a pair of compasses made, in one 
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of their legs, with a socket adapted to receive the handle [band o t die glazier, as the potty will be more firm and 
of the diamond ; with the compasses so prepared he durable by adopting soch a previous priming, 
draws and cuts out all the shapes of glass required for Lately there has been a considerable additional duty 
the glazing of fan-lights, or other circular portions of on glass, amounting in the way in which the public are 
glass wanted in sashes. charged for it to at least 20 per cent. ; the prices he* 

The business of a glazier also includes cleaning the fore recited embrace this additional rate. Every coo- 
glass in windows in inhabited houses ; this forms no in- suufer of glass when in want of a large quantity, 
considerable portion of his trade in London, and many should, previously to giving his order to the glazier, 
of the masters, when in a large way, keep one or specially agree for ks price and also quality ; for die 
more men constantly employed in it, the charge for latter purpose, to name particularly of what kind of 
which is regulated by the number of windows cteaned, glass the windows are to be glazed, referring to the 
or the number of squares in each sash. When the sashes themselves for their sizes ; by sending to several 
windows exceed twelve squares in each they are son- of the trade for an estimate of the price in this maimer, 
bered and charged at par dozen, the price varying from he will get his work performed at a value for below the 
6d. to 8d. each dozen. When the sashes are folding, usual or Company’s price. It should, however, be ob- 
or what is better known as French- windows, the squares served that what is said of the glazier, in this respect, is 
of glass in sach sashes numiog much larger, a third applicable te every other branch of the building business, 
more is charged for the cleaning of them than for die In die decoration of the windows of our churches, 
common windows. The master glazier takes the risk of for which the zeal and piety of our ancestors were so 
breaking of glass by his men, when employed in this remarkable, and in which they arrived at so great a 
business. degree of perfection in having produced colours on 

There are in London several tradesmen known only glass at once of superior beauty and brilliancy to any 
as glass-cutters ; their business embraces the cutting out thing since accdmplished, the superior excellence in 
of the glass only, which they retail m pieces or squares dieir colours yvas retained in all its splendour through 
exactly to the size applied for, the parties purchasing un- the several reigns antecedent to that of Elizabeth ; after 
dertaking of themselves the business of stopping them in. which, and in consequence of the interdiction of art 
, The prices of die glaziers are very irregular when from the then cherished opinions of their works being 
left to themselves to make their own charges. They idolatrous, and in no way conformable to the spirit 
adopt those of the Glaziers’ Company usually, and it is of the religious notions then taking effect by the re-* 
from these charges which die surveyors regulate thrift formation, it began to fail. The ruby-coloured glass, 
ffom (or, as it is generally called, the measure and so much esteemed at this dike, began to disappear at 
vriue) ; but glazing may be done (with a good profit to that period, and did completely so during the reign of 
the glazier) at 15 per cent, less than either, and with her successor Junes I. Many attempts have been 
glass as good, and as neatly and well cut in as it is since made to recover it, but the trials and expenses at* 
generally by the master who adopts his charges from tending them having been tedious and enormous, has 
die Company’s list of prices. Good glaring requires deterred the artists from yet having successfully followed 
that all the glass be cut full into the rebates, that is, up its pursuit, in consequence of which no glass of die 
that the glass fill the void left for it in the sash com- ruby kind is now manufactured, 
pletiely. When the glass is cut too small, or even too The value of painted windows, as has been before 
large, it is easily broken by the pressure of the air from observed, will entirely depend on their design, and the 
drithin, or by the wind from without ; careless glaziers variety of colours to be introduced in them. Some 
not unfrequently, when they have cut their glass too curious estimates of the expense of such windows, as 
small, leave the putty projecting from the wood very they were executed for the sumptuous chapel in Kings 
full all round to hide this defect in their glazing, but no College, at Cambridge, may be seen in the Appendix 
glazier whd [has any respect for his reputation would to Britton’s Architectural Antiquities of Great Britain^ 
suffer glass so cut to be sent from out of his premises, which is made for eighteen windows of the upper story 
The putty in no case should project beyond the line Of of the chapel, and runs thus, viz. that the work is agreed 
the wood in the inside, or, more properly, the mould- to be executed “ with good, dene, sure and perfytite 
ing side of the window ; but should be exactly foir and glasse, and oryerit colours, and imagery” These to 
level with it in every part. Large Squares of glass be equal to the windows of the King’s New Chapel, 
ahould be firmly bedded in the rebate of the sash in at Westminster: Six of the windows to be finished witb- 
putty of a moderate consistence in point of tempering, in twelve months, and the other twelve windows within 
and when so bedded all round, small sprigs or tacks four years. To bind all the windows “ with double 
should be driven into the rebates to further secure it in the bands of leade for defence of great wyndes and outra- 
sash, and the whole should afterwards be further covered gious wethering, after the rate of two-pence evry ffootte* 
with another lining of putty spread quite smooth all the glass to be 1 6 pence per foot. The glaziers (“ Willi- 
round the rebate on the outside. Sashes, of whatever amson and Symondes”) to the work were bound to 
description they may be, should be once painted over, perform the conditions of the indenture under a pe- 
ar. us it is called, primed, before they are put into the nalty of 500 “ markes sterlinges.” 

GOLD- 


Digitized by t^ooQie 



GOLD*BEATING AND GILT-WIRE DRAWING. 


The business of the gold-beater is to reduce solid 
gold and silver into what is denominated leaf-gold and 
silver, though the metals in this state are many degrees 
thinner and finer than any leaf whatever. Gold and 
silver leaf is absolutely necessary in many other trades, 
and it will be our buaioess in this article to explain the 
method by which the solid and dense substance is re- 
duced to this state of almost inconceivable thinness, in 
which, notwithstanding its specific gravity, it will float 
in the air like a feather. 

Gold in itself, and when very pure, is soft, easily cut 
or graved, and so tough, that.wben at length made to 
break by repeated bendings, backwards or forwards, the 
fracture on each of the pieces, appears drawn out like 
a wedge, 

. The colour of pure gold, by reflected light, is a full 
bright yellow, tending on one hand towards orange, 
and, on the other, towards a brass yellow. Gold fused 
with borax becomes paler than usual, but when fused 
with nitre it becomes more highly coloured ; hence, as 
this metal is reckoned beautiful in proportion to the 
fulness and brilliancy of ks colour, the borax flux used 
by goldsmiths is generally mixed with a sufficient quan- 
tity of nitre to counterbalance its discolouring pro- 
perty. The colour of gold, when in high fusion, is of 
a bluish green, of a similar tint with that of gold by 
transmitted light : this latter may be observed by laying 
a leaf of gold between two thin (dates of colourless 
glass, and holding it between the eye and a strong 
hght; 

The great value which has at all times been fixed on 
gold, its beautiful colour, incorruptibility, and great 
compactness, render its ductility an object of vast im- 
portance. On this depend sundry arts and manufac- 
tures, io which the solid mass is extended to an asto- 
nishing tenuity, and variously applied on the surface of 
other bodies, as well for ornament as preservation. 

The gold, in preparation for the leaf, is melted in a 
black-lead crucible, with some borax, in a wind fur- 
nace : as soon as it is in perfect fusion, it is poured 
into an iron ingot-mould, six or eight inches long, and 
three-quarters of an inch wide, previously greased and 
heated, so as to make the tallow run and smoke, but 
not to take flame. When the gold is fixed and solid k 
is made rpd-hot to burn off the unctuous matter, and 
- then forged on an anvil into a long plate, which is still 
further extended by being passed frequently between 


polished steel rollers, till it becomes no thicker thaiMi 
ribbon or a sheet of paper. Formerly, the whole of 
this process was done by means of the hammer; but 
the use of the flatting-mill abridges the operation, and 
renders the plate of a more uniform thickness. The 
plate, or, as it is sometimes called, the ribbon, is di- 
vided by compasses, and eut with shears into equal 
pieces, which, consequently, are of equal weights : 
these are now forged on the anvil till they are an inch 
square, and afterwards well annealed to correct the ri- 
gidity which the metal has contracted iu the hammering 
and flatting. Two ounces of gold, or 96 O grains, make 
an hundred and fifty of these squares, whence each 
plate weighs little more than six grains, they are found 
to be about the r^th part of an inch thick, that is, 
about 760 such leaves placed upon each other, and 
pressed close together, would take up io thickness only 
an inch. To proceed in the extension of these small 
plates it is necessary to inteipose some smooth body 
between them and the hammer, for die purpose of 
softening the blow, and defending the gold from its im- 
mediate action, as also to place between every two of ' 
the plates some intermediate substance, which, while it 
prevents their unking together, or injuring one another, 
may suffer them freely to extend. These objects are 
attained by means of certain animal membranes. 

Gold-beaters make use of three kinds of membranes, 
viz. for the outside cover, common parchment made of 
sheep-skin is used ; for interlaying with the gold, first, 
the smoothest and closest vellum, made of calves-skin ; 
and, afterwards, the much finer skins of ox-gut, strip! 
off from the large straight gut slit open, curiously prepared 
for the express purpose, and hence called gold-beaters* 
skin. According to Dr. Lewis, the preparation of 
these last is a distinct business, practised only by two 
or three persons in the kingdom. The general process 
is supposed to consist in applying them one upon an- 
other, by the smooth sides, in a moist state, in which 
they readily cohere and unite inseparably, stretching 
them very carefully on a frame, scraping off the fat and 
rough matter, so as to leave only the fine exterior 
membrane of the intestine, at the same time beating 
them between double leaves of paper, to force out what 
grease may remain in them, and then drying and press- 
ing them. Notwithstanding the vast extent to which 
gold is beaten between these skins, and the great tenuity 
of the skins themselves, they yet sustain continual re- 
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petitions of the process for several months, without ap- 
pearing to extend or grow thinner. 

The beating of gold is performed on a smooth block 
of black marble, of a weight from two to four or five 
hundred weight ; the heavier it is the better it is adapted 
to die purpose for which it is employed. It is about 
nine inches square on the upper surface, and sometimes 
less, fitted into the middle of a wooden frame about 
two feet square, so as that the surface of the marble 
and the frame form one continuous plane. Three of 
the sides are furnished with a high ledge, and the front, 
which is open, has a leathern flap fastened to it, which 
the gold-beater makes use of as an apron, for preserv- 
ing the fragments of gold that fall off. Three hammers 
are employed, each of which is furnished with two 
round and somewhat convex faces, but v the workman 
in general uses only one of these faces. The first is 
called the catch-hammer, is about four inches in di- 
ameter, and weighs from fifteen to twenty pounds ; the 
second, called the shodering-hammer, and weighs 
about twelve pounds : the third, called the gold or 
finishing hammer, weighs ten pounds. The French 
make use of four hammers, differing in size and shape 
from those of our workmen. They have only one 
face, being, in figure, truncated cones i die first has 
very little convexity, is five inches in diameter, aud 
weighs fourteen pounds; the second is more convex 
than the first, and only about half its weight ; the third 
is still more convex, weighs about four pounds, and is 
only two incites wide. The fourth, or finishing-ham- 
mer, is nearly as heavy as the first, but narrower by an 
'inch, and is the most convex of all, 

A hundred and fifty of die pieces of gold are inter- 
laid with leaves of vellum, .three or four inches square, 
one leaf being placed between every two of the pieces ; 
and there are about twenty other of the vellum on the 
outsides, over these is drawn a parchment case, open 
at both ends, and over this another in a contrary direc- 
tion, so that the gold and vellum are kept tight and 
close on all sides. The whole is beaten with the 
heaviest hammer, and occasionally turned upside down 
till the gold is stretched to the extent of the vellum; 
the case being from time to time opened to ascertain 
bow the extension goes on, and the packet is, some- 
times, bent and rolled, as it were, between the hands, 
for procuring sufficient freedom to the gold, or, to use 
the workmen's phrase, “ to make the gold work.” The 
pieces, when extended to the size of the vellum, are 
taken out from between the vellum-leaves, and cut into 
four with a steel knife, and the 600 divisions are inter- 
laid in the same manner with pieces of the ox-gut skins 
five inche? square. The beating is again repeated with 
a lighter hammer, till the golden plates have again ac- 
quired the extent of the skins: they are now a second 
time divided into four, but the instrument used for this 
purpose is a piece of cane cut to a very thin edge, the 
leaves, in this stage of the business being so light, that 
the moisture of the air or breath, condensing on a 
metal knife, would occasion them to stick to it. These 


last divisions are now too numerous to admit of thei 
being beaten at onCe, they are parted into three parcels 
which are beaten separately, with the smallest hammer, 
till they are stretched for the third time to the size of 
the skins ; they are now reduced to the greatest thinness 
they will admit of, though it is said that the French 
carry the business one step farther. In the beating, the 
process, however simple, appears to require a good 
deal of address, in order to apply the hammers so as to 
extend the metal uniformly from the middle to the 
sides ; a single improper blow is apt, not only to break 
the gold leaves, but to cut the skins. After the last 
beating, the leaves are taken up by the end of a cane 
instrument, and being blown flat on a leather cushion, 
are cut to a size, oue by one, with a square frame of 
cane made of a proper sharpness ; they are theu fitted 
into books of twenty-five leaves each, the paper of 
which is well smoothed, and rubbed with red-bole to 
prevent their sticking to it. 

The process of gold-beating is considerably influ- 
enced by the weather. In wet weather, the skins grow 
damp, which renders the operation more tedious. A 
frosty season is still more injurious to it, the cold affect- 
ing the metallic leaves themselves so that they cannot 
be easily blown fiat, but break, wrinkle, or run toge- 
ther. 

Gold-leaf ought to' be prepared from the finest 
gold, as any alloy, however small, would injure the co- 
lour and make it too hard for working. Bat though 
the gold-beater cannot advantageously diminish the 
quantity of gold in the leaf by the mixture of any other 
substance with the gold, yet methods have been devised 
for saving the precious metal, by producing a kind of 
leaf called party-gold, whose basis is silver, and which 
has only a superficial coat of gold on one side : this is 
done by placing upon one another a thick leaf of silver 
and a much thinner one of gold, and being heated and 
pressed together, they unite and cohere ; and bang 
then beaten into fine leaves, as in the process already 
described, the gold, though it is in quantity only about 
one-fourth of that of the silver, continue^ every where 
to cover it, the extension of the former keeping pace 
with that of the latter. 

We shall uow proceed to. speak of the preparation 
for gilt-wire. What is called gold-wire, or gilt-wire* 
has only an exterior covering of gold, the internal part 
being silver. A rod of silver, above an inch thick, two 
feet in length, and weighing about 20 lbs., is coated 
with gold, and then reduced into wire, by drawing it 
successively through a number of holes, made in steel 
plates, diminishing almost insensibly in regular degreed 
The purity of gold employed for this use is a point of 
great importance, for on this depends the beauty and 
the durability of colour when wrought into laces, bro- 
cades, and other articles of consumption. With re- 
spect to the silver, which makes up the internal body 
of the wire, its fineness is of less importance; it is said 
to be even better when it is aUoyed, because very fine 
silver, when annealed in the fire, becomes so soft as to 
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suffer the golden coat, in some measure, to sink in it, 
and hence the admixture of a little copper communi- 
cates to it a sufficient degree of hardness for preventing 
this inconvenience. The gold is employed in thick 
leaves, prepared for the purpose, which are applied all 
over the silver rod, and pressed down smooth with a steel 
burnisher. Several of the gold leaves are laid over 
one another, according as the gilding is required more 
or less thick. The smallest proportion allowed is 100 
grains of gold to a pound of silver, or 5,760 grains. 
The largest proportion for the best double gilt wire, 
was, formerly, 120 grains to a pound; but it is pro- 
bably a good deal increased. 

The beginning of the process, as well as the prepa- 
ration and gilding -of the silver rod, is performed by 
the refiner, who uses plates of hardened steel with a 
piece -of tough iron welded on the back to prevent the 
steel from breaking. In this back part the boles are 
much wider than the corresponding ones in steel, and 
of a conical shape ; partly, that the rod may not be 
scratched against the outer edge, and partly for receiv- 
ing some bees- wax, which makes the rod pass more 
easily, and preserves the gold from being rubbed off. 
The plate being properly secured, one end of the rod, 
made somewhat smaller than the rest, is pushed through 
such a hole as will admit of it ; and being taken hold of 
by pincers, adapted to the purpose, whose chaps are 
toothed somewhat like a file, to keep the rod from slip- 
ping out by the violence necessary for drawing it out, 
the handles or branches of the clamps are bent upwards, 
and an iron loop put over the curvature, so that the 
force, which pulls them horizontally by the loop, serves 
at the same time to press them together. To the loop 
is fastened a rope, the farther end of which goes round 
a' capstan, or upright cylinder with cross-bars, which 
requires the strength of several men to turn it. The 
rod * thus drawn through, is well annealed, then passed 
in the same manner through the next hole, and the an- 
nealing and drawing repeated, less and less force suffic- 
ing as it diminishes in thickness. When reduced to 
the siae Of a quill, it is delivered in coils to the wire- 
drawer. The remainder of the process requires plates 
of a different quality, those made of steel being apt to 
fret the wire, and strip off the gold. There are two 
sorts of these plates, one of considerable thickness, for 
the wire in its larger state, the other only about half as 
thick, for the finer, wirtf, where less force is sufficient 
in drawing« Thfse plates, though, in a measure, ra- 
ther brittle, have sufficient toughness to admit of the 
holes being beaten up, or contracted, by a few blows 
of a hammer; so. that when any of them have been 
widened by a length of wire being drawn through, they 
are thus reduced again to the proper dimensions for 
preserving the gradation. The holes, after each beat- 
ing op, are opened by a long slender instrument, called 
a point, made of refined steel ; one end of which, to 
the length of about five inches, is round, and serves as 
^ handle ; the rest, about twice as long, is square, and 
tapered to a fine point. The first holes being so far 


mr 

worn, as to be unfit for bearing further reductions, the 
next to them, grown likewise wider, supply their places, 
and are themselves successively supplied by those which 
follow ; of course, as each plate is furnished with seve- 
ral more of the same holes than are wanted at first, it 
continues to afford a complete series, after a consider- 
able number of the larger has become unserviceable; 

| Great part of the dexterity of the workman consists in ' 
adapting the hole to the wire ; that the wire may not 
pass so easily, as not to receive sufficient extension, or 
so difficultly as to be broken in the drawing. For deter- 
mining this point with greater certainty than could be 
done from the mere resistance of the wire, he uses n • 
brass plate called a size, on which is measured, by 
means of notches, like stops, cut at one end, the in* 
crease which a certain length of wire should gain in 
passing through a fresh hole : if the wire is found to 
stretch too much or too little, the hole is widened or 
contracted. As the extension is adjusted by this instru- 
ment; there are others for measuring the degree * of 
fineness of the wire itself. Slits of different widths; 
made in thick polished iron rings, serve as gauges for 
this use. 

The wire-drawer’s process begins with annealing the 
large wire received from the refiner ; this is performed 
by placing it coiled up on some lighted charcoal in a 
cylindrical cavity called the pit, made for this purpose, 
under a chimney, about six inches deep, and throwing 
more burning charcoal over it; the pit having no aper- 
ture at bottom to admit air, the fuel burns languidly, 
affording only sufficient heat to make the metal red-hot, 
without endangering its melting. 

Being then quenched in water for the sake of expe- 
dition in cooling it, though the metal would doubtlear 
be softened more effectually if suffered to coot leisurely; 
one eud of it is passed through the first bole in the 
thick plate, and fastened to an upright wooden cy- 
linder, six or eight inches in diameter: in the top of* 
the cylinder are fixed two staples, and through these is 
passed the long arm of a handle, by which the cylinder 
is turned on its axis by several men. In the continue 
tion of this part of the process, the wire is frequently 
annealed and quenched, after passing through every 
hole or every other hole, till it is brought to about 
the size of the small end of a tobacco-pipe ; and 
in this state it is cut into portions for the flue wire** 
drawer. . 

In this last part of the wire-drawing process, an-* 
Dealing is not needful ; but it is still as necessary as 
before to wax the wire at every hole. Mach less 
force being now sufficient for drawing it through the 
plate, a different instrument is used. A kind of wheel 
or circular piece of wood, much wider than the fore- 
going cylinder, is placed horizontally in its upper sur- 
face and some small holes at different distances from 
the axis, and into one or another, of these, according to ■ 
the force required, is occasionally inserted the point of 
an upright handle, whose upper end is received in a 
hole made in a cross bar above. From this the wire 

is 
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is wound off upon a smaller cylinder called a rocket, 
placed on the spindle of a spinning-wheel ; and this 
last cylinder being fixed on its axis behind the plate, 
the wire is again drawn through upon the first ; and 
being at length brought to the proper fineness, it is 
annealed to fit it for the flatting- mill. This annealing 
is performed in a different manner from the foregoing 
ones, and with much less heat ; for if the wire was 
now made red-hot it would wholly lose its golden 
colour, and become black, bluish, or white, as is often 
experienced in different parcels of gilt wire. Being 
wound upon a large hollow copper bobbin, the bobbin 
is set upright, some lighted charcoal or small-coal 
placed round it and brought gradually nearer and 
nearer, and some SmaU-coai put in the cavity of the 
bobbin, the wire being carefully watched, that as 
soon as it appears of a proper colour it may be 
immediately removed from the teat. This is an ope- 
ration of great nicety, aud is generally performed by 
the master himself. The wire, though it in good mea- 
sure retains the springiness which it had acquired in 
the drawing, and does not prove near so soft as it 
might be made by a greater heat, is nevertheless found 
to be sufficiently so for yielding with ease to the 
flatting mill. 

The flatting-mill consists of two rolls, turned in a 
lathe to a perfect roundness, exquisitely polished, placed 
with their axis parallel one over another, set by screws 
till their circaihferences come almost into contact, and 
both made to go round by one handle ; the lowermost 
^s about ten inches in diameter, the upper commonly 
little more than two, though some make it considerably 
larger; and indeed it would be more convenient if 
made as large, or nearly so, as the lower ; their width 
or thickness is about an inch aud a quarter. The wire 
unwinding from a bobbin, and pas sing first between the 
leaves of an old book pressed by a small weight, which 
kept it somewhat tight, and then through a narrow slit 
m an upright piece of wood called a ketch, which gives 
notice of any knot or doubling, is directed by means of 
a small conical hole in a piece of iron called a guide, 
to any particular part of the width of the rolls, that if 
there should be any imperfection or inequality of the 
surface the wire may be kept from those parts ; and 
that when one part is soiled by the passage of a 
length of wire, the wire may be shifted till the whole 
width of the rolls is soiled, so as to require being 
cleaned aud polished anew with the fine powder called 
putty, prepared by calcining a mixture of lead and tin : 
the workmen value the rolls from the number of 
threads they will receive, that is, from the number of 
places which the wire can thus be shifted to ; good 
rolls will receive forty threads. The wire flatted be- 
tween the rolls is wound again as it comes through, on 
a bobbin, which is turned by a wheel fixed on the 
axis of one of the rolls, and so proportioned that the 
motion of the bobbin just keeps pace with that of the 
rolls. 

The vast extent to which gold is apparently stretched 


in die foregoing operations, has indueed jeverai persons 
to make experiments for determining its exact degree 
by mensuration and weight. In an experiment of 
Reaumur's, forty-two square inches and three tenths of 
gold leaf weighed one grain troy; and Mr. Boyle 
found dial fifty and seven-tenths weighed but a gram. 
The thickness of thegold leaf examined by the one was the 
207,355th, add of Sat by the other only the24$,532od 
part of an inch. 

Dr. Halley found, that of superfine gilt-wire sis feet 
weighed a grain : M. de Reaumur makes about (bur 
inches more go to the same weight ; and Mr. Boyle is 
said, if there be no error in the numbers, to have had 
gilt-wire much finer than any of these. Allowing six 
feet to make a grain, and the proportion of gold to be 
that commonly used by oar wire-drawers ; the length 
to which a grain of gold is extended on the wire, comes 
to be nearly 352 feet. 

In flatting, the wire is extended, according to M. de 
Reaumur, one-seventh part of its length, and to the 
width of one ninety-sixth of an inch ; in some trials that 
have been made by the workmen, the extension in 
length appeared less, but that in breadth so much 
greater that the square extension was at least equal to 
that assigned by Reaumur. Hence one grain of gold 
is stretched on the flatted wire to the length of above 401 
feet, to a surface of above 100 square inches* and to 
the thinness of the 49$, 090th part of an inch. 

M. de Reaumur carries the extension of gold to a 
much greater degree. He says the wire continues 
gilded when only one part of gold is used to 360 of 
silver, and that it may be stretched in flatting one- 
fourth of its length, and to the width of one forty- 
eighth of an inch. In this case, a grai n of gold 
must be extended upwards of a mile, and cover 
mi area of 1,400 square inches. He computes tbs 
thickness of the goMen coat in the thi nn es t parts of 
some gilt wine to be no more than the 14000,000th 
part of an inch, so that it is only about a hundredth 
part of the thickness of gold leaf. 

Yet notwithstanding this amazing tenuity, if a piece 
of the gilt wire be immersed in warm aquafortis, 
which will gradually dissolve and eat out the silver, 
the remaining golden coat will sttH hang .together, mi 
form, while the fluid prevent ft from collapsing, a 
continuous opaque tube. To succeed in ibis experi- 
ment, the aquafortis must not be very strong, nor the 
heat great ; for then the acid, acting hastily and impe- 
tuously upon the silver, would disunite the particles of 
the gold. 

Whether any other metal can be extended to m 
equal degree is not yet clear, for as it is the great 
value of gold which engages the workmen to endeavour 
as much as possible to stretch it to the largest surface, 
the same efforts have not been made in regard to the 
less valuable metals : to make a (air comparison, trial 
should be made of extending silver upon the surface of 
gold in the same manner as gold is extended upon 
silver. It may be observed also, that as gold is nearly as 
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heavy again as silver, or contains nearly double the quan- 
tity of matter under an equal volume, so, if equal 
weights of the two metals be stretched to equal ex- 
tents, the silver will be little more than half the 
thinness of the gold ; and conversely, if silver could be 
brought to equal tenuity with gold in regard to bulk, 
it would, in regard to quantity of matter, be nearly of 
double extensibility. 

There are various methods of applying the gold 
thus extended, to cover the surface of other bodies. 
For laces and brocades, the flatted gilt-wire is spun on 
threads of yellow silk, approaching as near as may be 
to the colour of gold itself. The wire, winding off 
from a bobbin, twists about the thread as it spins 
round, and by means of curious machinery, too com- 
plex to be described here, a number of threads is thus 
twisted at once by the turning of one wheel. The 
principal art consists in so regulating the motion, that 
the several circumvolutions of the flatted wire on each 
thread may just touch one another, and form as it were, 
one continued covering. 

It is said that at Milan there is made a sort of 
flatted wire gilt only on one side, which is wound upon 
the thread, so that only the gilt side appears ; and that the 
preparation of this wire is kept a secret, and has been 
attempted in other places with little success. There is 
also a gilt copper wire, made in the same manner as 
the gilt silver* Savary observes, that this kind of wire. 


called false gold, is prepared chiefly at Nuremburg ; 
and that the ordinances of France require it to be 
spun, for its distinction of die gilt silver, on flaxen or 
hempen threads. One bf our writers takes notice, 
that the Chinese, instead of flatted gilt-wire, use slipa 
of gilt paper, which they interweave in their stuffs 
and twist upon silk threads: this practice he in- 
considerately proposes as a hint to the British weaver* 
Whatever be the pretended beauty of the stuffii of this 
kipd of manufacture, it is obvious that they must want 
durability. The Chinese themselves, according to 
Du H aide’s account, sensible of this imperfection, 
scarcely use them any otherwise than in tapestries, and 
such other ornaments as are not intended to be much 
worn or exposed to moisture. 

Paper, wood, and other like subjects are gilded by 
spreading upon them some adhesive substances, and 
when almost dry, so as but just to make the gold stick, 
applying gold or gilt leaf, and pressing it down with, a 
bunch of cotton or the bottom of a hire’s foot : when 
grown thoroughly dry the superfluous or loose gold 
is wiped off, and the fixed golden coat burnished with 
a dog’s tooth or with a smooth piece of agate or peb- 
ble. Different kinds of adhesive matters are employed 
for this use: where resistance to rain or moisture is 
required, oil paints^ in most other cases a size, made 
from the cuttings of parchment or white leather by 
boiling them in water. 


GUN-MAKING. 


The business of the gun-smith is the manufacturing 
of fire arms of the smaller sort, a9 muskets, fowling 
pieces, pistols, &c. The principal part of all these 
instruments is the barrel, which, however, is not made 
by those who call themselves gun-smiths, but by per- 
sons who forge them in a large way, and who have 
forges and premises adapted to the business ; the 
forges used by gun-smiths being on a much smaller 
scale than those required for the manufacture of the 
barrels. Besides among gun-smiths we find great 
attention paid to the division of labour : one man or set 
of men, for instance, is employed in what is termed 
the boring, though, in truth, the barrels are formed at 
first with a bore throughout, but not with that accuracy 
which is required for these kind of instruments: other 
persons are employed to file and polish the outside of 
the barrel ; to some is allotted the business of making 


and fixing the breech, the touch-hole, &c,: others 
forge die gun-locks in a rough way, and others are 
employed to file, polish, and put together the several 
parts of which the locks are composed, 8tc. By the 
attention and civility of Mr. W. H. Mortimer, of Fleet- 
street, we have had an opportunity of examining the 
several departments of this manufacture, and shall en- 
detfVour to describe them in a familiar manner to oUr 
readers, noticing, in die course of the article, certain 
inventions for which His Majesty’s letters patent have 
been obtained. 

The barrel, which we are first to describe, ought 
1 to possess the following properties : lightness , that it 
1 may incommode the person who carries it as little as 
possible, aud strength , to enable it to bear a full charge 
| without any risk of bursting : it ought to be constructed 
! so as not to recoil with violence, and it ought to be of 
I 5 G sufficient 
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sufficient length to carry the shot or bullet to as great 
a distance as the force of the powder employed is capa- ! 
ble of doing. 

The imperfections to which a gun-barrel is liable 
in forging are of three sorts, viz. die chink, the crack , 
and the flaw : the chink is a solution of continuity, 
running lengthwise of the barrel: the crack is more 
irregular in its form than the chink, and running in a 
transverse direction or across the barrel : the daw dif- 
fers from both; it is a small plate or scale which ad- 
heres to the barrel by a narrow base, from which it 
spreads out as die head of a nail does from its shank ; 
and when separated, leaves a pit or hollow in the metal. 
The chink and the flaw are of much greater conse- 
quence than the crack, as the effort of die powder is 
exerted upon the circumference, and not upon the 
length of the barrel. The flaw is more frequent than 
the chink : when external and supeeficial, they are aU 
three defects in point' qf neatness only ; but when situ- 
ated within the barrel, they are of material disadvantage 
by affording a lodgment to moisture and foulness that 
corrode the iron, and thus continually enlarge the exca- 
vation until the barrel bursts or at least becomes ex- 
ceedingly dangerous to use. The crack is of but little 
consequence if near the muzzle of the barrel; but if at 
tbe breech end it should nevetr be attempted to be 
mended, and indeed by respectable manufacturers, 
such as the gentleman, alluded to, never is. We shall 
now proceed to describe the several parts of the gun, 
beginning with the barrels. 

To form a gun-barrel in the manner generally prac- 
tised for those denominated common, the workmen 
begin by heating and hammering out a bar of iron into 
the form of a flat ruler, thinner at the end intended for 
the muzzle, and thicker at that for the breech ; the 
length, breadth, and thickness of the whole plate being 
regulated by the intended length, diameter, and weight 
of the barrel. This oblong plate of metal is then, 
by repeated heating and hammering, turned round a 
cylindrical rod of tempered iron, called a mandril, 
whose diameter is considerably less than the intended 
bore of the barrel* Tbe edges of the plate are made 
to overlap each other about half an iuch, and are 
welded together by heating tbe tube in lengths of two 
or three inches at a time, and hammering it with very 
brisk but moderate strokes, upon an anvil which has a 
number of semicircular furrows in it, adapted to the 
various sizes of barrels. Tbe heat required for welding 
is the bright white heat, which immediately preqfcdes 
fusion, and at which the particles of the metal unite 
and blend so intimately with each other, that, when 
properly managed, not a trace is left of their former 
separation : this degree of beat is generally known by 
a. number of brilliant sparks flying off from the iron 
whilst in the fire; although it requires much practice 
and experience to ascertain the degree of heat required 
for welding irou, which possesses various qualities, aud 
is seldom alike. Every time tbe barrel is withdrawn 
from the forge, the workman strikes the end of it 


once or twice gently against the anvil in a horizontal 
direction: this operation serves to consolidate the 
particles of the metal more perfectly, and to obliterate 
any appearance of a seam in die barrel. The mandril 
is then introduced into the bore or cavity; and the 
barrel, being placed in one of the furrows or moulds of 
the anvil, is hammered very briskly by two persons 
besides the forger, who all the time keep9 turning the 
barrel round in the mould, so that every point of the 
heated portion may come equally under the action of 
the hammers. These heatings and hammerings are 
repeated until the whole of the barrel has undergone 
the same operation, and all its parts are rendered as 
perfectly continuous as if it had been bored out of a 
solid piece. For better work the barrel is forged hi 
separate pieces of eight or nine indies in length, and 
then welded together lengthwise as well as in the lap- 
ping over. The other mode being the easiest done* 
and the quickest, is the most usual. 

The barrel, when forged, is either finished in the 
common manner, or made to undergo the operation of 
twisting, which is a process employed on those barrels 
that are intended to be of a superior quality and price 
to others. This operation consists in heatmg the bar- 
rel in portions of a few inches at a time, to a high 
degree of red-heat ; when one end of it is screwed into 
a vice, and into the other is introduced a square pied 
of iron with a handle like an augur, and ' by means of 
these the fibres of the heated portion are twisted in a 
spiral direction, that is thought to resist the effort of tbe 
powder much better than a longitudinal one. Pistol 
barrels that are to go in pairs, such ,as duelling pistols, 
are forged in one piece, and are cut asunder at the 
muzzles after they have been bored ; by which there is 
not only a saving of iron and of labour, but a certainty 
of the caliber being perfectly the same in both. The 
next operation consists in giving to the barrel its proper 
caliber; this is termed boring, which is don? in the 
following manner. Two beams of very strong wood, 
as oak, each about six inches in diameter, and six or 
seven feet long, are placed horizontally and parallel 
to one another, having their extremities mortised upon 
a strong upright piece about three feet high, and 
firmly fixed. A space of from two to four indies is 
left between the horizontal pieces, in which a piece of 
wood is made to slide, by having at either end a tenon 
let into a groove which runs oq the inside of each beau 
throughout its whole length. Through this sliding 
piece a strong pin or bolt of iron is driven or screwed 
in a perpendicular, direction, having at its upper end 
a round hole large enough to admit the breech of the 
barrel, which is secured io it by means of a piece of 
iron that serves as % wedge, and a vertical screw pass- 
ing through the upper part of the hole. A chain is 
fastened to a staple qn oije side of the sliding piece 
which runs between the two. horizontal beams, and 
passing over a pulley at one end of the machine, has a 
weight hooked to it. An upright piece of timber is 
fixed above this pulley and between the end of the 

beams, 
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beams* having its upper end perforated by (he axis of 
an iron ccpnk furnished with a square socket ; the other 
axis being supported by the wall or by a strong post, 
and loaded with a heavy wheel of cast iron to give it 
force. The axes of the crank are in a line with the 
hole in die bolt already described. The borer being 
then fixed into the socket of the crank, has its other 
end previously well oiled, introduced into the barrel, 
whose breech part is made fast in the hole of the bolt : 
the chain is then carried over the pulley, and the 
weigttt hooked on : the crank being then turned with 
the hand, the barrel advances as the borer cuts its way 
till it has passed through the whole leugth. 

The boring-bit it a rod of iron somewhat longer 
than the barrel ; one end being made to fit the socket 
of the crank, and the other being furnished with a 
cylindrical plug of tempered steel, about an inch and 
a half in length, and having its surface cut in the man- 
ner of a perpetual screw, the threads being flat, about 
« quarter of an inch in breadth, and running with very 
tittle obliquity. This form gives the bit a very strong 
hold of the metal ; and the threads being sharp at the 
edges, scoop out and remove ever}* roughness and 
inequality from the inside of the barrel, and reuder the 
cavity smooth and equal throughout. Only two of the 
threads are brought into action, the others being pre- 
vented from touching the barrel by tying on one side 
a piece of wood, of almost any kind, which is called a 
spill* 

A number of bits, each a little larger than die 
preceding one, are afterwards successively passed 
through the barrel in the same way undl.it has acquired 
the intended caliber. The equality of die bore is so 
essential to the excellence of a piece, that the greatest 
accuracy in every other particular will not compensate 
for the want of it. With regard to this, every thing 
almost depends on the eye of the workman: he chooses 
a good light for his business, and discovers in an in- 
stant if there be the smallest defect. To a stranger 
looking through a finely bored barrel, with a proper 
light, an oprical illusion presents itself, the farther end 
does not appear to be open throughout as it really is, 
but to have a small, but perfectly circular hole, in die 
centre of a finely polished * mirror. Another observa- 
tion worth noticing is, that though the bore of the 
barrel is perfectly even and straight, yet that during the 
process of boring it has a continual motion, which to a 
by-slander seems quite sufficient to throw it out of the 
straight line. The barrel may be now considered as 
quite finished with regard to its inside i at least it has 
nothing more to be done to it by the maker, rafter 
which it is in a condition to receive its proper form 
end proportions externally by means of the fils. To do 
this with accuracy, four flat sides or faces are first 
formed ; then eight, then sixteen, and so on, until it 
Is made quite round, except the reinforced part, which 
in most of the modern work is left with eight sides. 
This octagonal form is certainly more elegant than the 
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round one formerly in use : but it adds to the weight 
of the barrel without increasing its strength ; for the 
effort of the powder will always be sustained by the 
thinnest part of the circumference without any regard to 
those places that are thicker than the rest. 

It is absolutely necessary to the soundness of a 
barrel, that it should be of an equal thickness on every 
side; or, in the language of the workmen, a barrel 
ought to be perfectly upright. In order to arrive as 
nearly as possible to this perfect equality, the gun- 
smiths employ an instrument which they call a com- 
pass. It consists of an iron rod, bent so as to form 
two parallel branches about an inch distant from each 
other. One of these branches is introduced into the 
barrel, and kept closely applied to the side by means 
of one or more springsnvith which it is furnished ; the 
other branch descends parallel to this, on the outside, 
and has several screws passing through it with their 
points directed to the barrel. By screwing these until 
their points touch the surface of the barrel, and then 
turning the instrument round within the bore, it is seen 
where the metal is' too thick, and how much it must be 
reduced in order to render every part of the barrel per- 
fectly equal throughout its circumference. 

Before we proceed in the work of the gun, we may 
notice a patent invention for the manufacture of gun- 
barrels by Mr. Bradley. 

This invention consists in the manufacturing of iron 
skelps for making barrels for fire-arms, wholly and 
entirely by rollers instead of by forge-hammers, which is 
the present mode of making jbem. For this purpose 
Mr. Bradley takes a pair of rollers about fifteen inches 
hi diameter, which have been previously drilled and 
turned with four grooves requisite for manufacturing 
the sort of skelps required, and fixes them in such a 
frame as is generally used in working rollers. He then 
takes a bar of iron cut to die proper weight, as wide 
as the breech-end of the skelp required, which is 
heated in an air-furnace to what is called a welding 
heat, and puts it in the first instance through a groove 
in the roller. By this process the groove is cut or 
hollowed oat in such a manner as to give out or 
produce the bar or piece of iron four inches wide at 
one end, and, by a gradual diminution, two inches 
and a half at the other. The bar must then be passed 
successively through three grooves formed similar to 
each other in principle, but cut in such a manner as 
after being passed through each of them gradually to 
bring the skelp to its proper form and size. These 
grooves are turned and chipped in such a manner as to 
make the bar or piece of iron after it has passed 
through them and is become a skelp, four inches aud 
one-eighth wide at the breech and three-eighths of an 
inch thick, and three inches and one-eighth wide and 
barely three-sixteenths of an inch thick at the other 
end. The edges are made ^thinner than the middle, 
which is left, as the welders term it, thick on the back ; 
and being in every respect of the proper dimensions for 
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finished skelps, they are thus produced by the rollers I 
only without the aid of hammers, shears, or cutters, or 
any other machinery or implement whatever. 

. The advantages stated by the patentee of this inven- 
tion over the common mode, is, that the barrels made 
from them turn very sound and clear, and are free from | 
flaws :*when welded they grind and bore much clearer than 
hammered ones. The pure metallic particles being 
compressed by the rollers both edge-ways and flat-ways 
at the satne time, cohere, more closely together; nor 
are the skelps liable to reins or flaws as those are which 
are edged up in a less hot state under a forge hammer. 
Barrels from these skelps will stand a much stronger 
proof than those from forged ones. 

We shall also notice an improvement in the manu- 
facture of barrels of all descriptions of fire-arms, made 
by Messrs. James and Jones of Birmingham, and for 
which they have obtained His Majesty’s letters patent 
This improvement may be thus described : the paten- 
' tees take a skelp or piece of iron adapted for the pur- 
pose of making barrels for fire-arms which is to be 
brought into a form proper for welding, and then 
heated in a furnace so constructed as to give a regular 
welding heat to one half of the barrel at a time ; and 
when heated sufficiently, the mandril or stamp is to be 
put expeditiously into it, and the barrel placed or held 
on a grooved anvil, upon which several hammers 
worked by steam are caused to fall or strike with great 
velocity upon such portions of the barrel desired to be 
welded, and when sufficiently welded the stamp is to 
be withdrawn. The number, weight, and velocity of 
the hammers may be varied according to the descrip- 
tion of the barrel desired. They should be ranged m 
a straight line side by side, as true and as close together 
as they will work free, and cover a space in length of 
about twenty inches and in width four or five: they 
should work very true, and to do so they may be 
fixed, connected and worked by machinery. Or, in- 
stead of welding the barrels by hammers the same 
thing may be done between a pair of rollers grooved to 
fit die form of the barrel, the rollers having either an 
alternate or rotary motion and worked by steam, water, 
or other mechanical powers, but the hammer seems to 
be best as making the souudest and most perfect 
barrels. The great advantage of this method above 
others is, that the barrels are made sounder and more 
expeditiously than they can be by the common method. 
The invention extends also to the turning of barrels in 
an improved turning machine or lathe, with cutters or 
sharp steel instruments or tools, worked by machinery 
with steam, water, & c. The patentees give in their 
specification a full description of this new invented 
lathe, which they say may be made of cast iron, or of 
any other metal or substance adapted for die purpose. 

The principal and advantages of this invention of 
turning barrels, &c. by the lathe worked by steam, &c. 
are, that when the barrel is fixed in its place it is 
turned without any farther aid or assistance from the 
workmen, by wliich means one more skilful foreman 


and an assistant may attend three or four turning ma- 
chines or lathes, and finish a great number -of barrels 
ready for filing much more perfect and true than they can 
be done by grinding, or by any other method now m use 
with the same power and manual labour. Ground bar- 
rels are very frequently unequal sided, one side having 
twice the substance of metal as the other ; but by this 
new method they are more equal, and consequently 
much stronger with the same weight of metal than if 
the barrel were unequal; and when the barrel is set 
right a more certain and much better aim may be 
taken. “ These,” say the patentees, “ we consider 
great advantages in the use and value of a musket or 
other barrel. We also do away with the use of ex- 
pensive grindstones, from which dangerous accidents 
very frequently happen, and the necessity of grinding 
the barrels which is at all times a laborious, dangerous, 
and unhealthy business, whereas our method of turning 
barrels is comparatively a safe, easy, and healthful 
occupation.” 

To form the screw in the breech-end of the barrel, 
the first tool employed is a plug of tempered steel, 
somewhat conical, and having upon its surface the 
threads of a male screw. This tool, which is termed a 
screw-tap, being introduced into the barrel* it is 
turned from left to right and back again, until it has 
marked out the three or four first threads of die screw : 
another less conical tap is then introduced, and when 
this has carried on the impression of the screw as far 
as it is intended to go, a third tap is employed, which 
is nearly cylindrical, and scarcely differs from the plcg 
of the breech wliich is intended to fill the screw thus 
formed in the barrel. The breech-plug has its screw 
formed by means of a screw-plate made of tempered 
steel, and has several female screws corresponding with 
the taps employed to form that in the barrel. A plug 
of seven or eight threads is sufficiently long, and the 
threads dught to be neat and sharp, so as to fill com- 
pletely the turns made in the barrel by the tap. The 
breech-plug is afterwards case-hardened, or has its 
surface converted into steel by being covered over with 
shavings of horn or pairings of horse-hoof, and kept 
red hot in the fire for some time, after which it is 
plunged into water. 

It should be observed that the breeching of a gun is 
of considerable importance in its shooting well. Al- 
most every maker has a breech of his own contrivance : 
it cousists of a male screw to fit the female one made 
In the barrel ; a centre-bole or chamber, and an anti- 
chamber. The outside circumference may be made of 
any shape or form. The advantages arising from this 
kind of breeching over that formerly used are, that the 
shot are . thrown in a more perfect direction and frith 
greater velocity; that the barrel is much less subject to 
grow partially foul : that it is safer and goes 6ft more 
instantaneously, and also that it causes the whole 
powder to inflame. It was customary with the gun-smiths 
in France to solder on the loops and the aim before 
they breeched the barrel. The English never restrict 
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themselves to this, making me of soft solder only for 
this purpose. While the French me hard solder that 
requires great heat, which is apt to injure the inside so 
much as to require a repetition of fine-boring. 

Tie last operation is that of colouring the barrel, 
previously to which it is polished with fine emery and 
oil, until it presents to the eye, throughout its whole 
length, and in whatever direction we observe it, a per- 
fectly smooth, equal, and splendid surface. Formerly, 
barrels were, coloured by exposing them to a degree of 
beat which produced an elegsnt blue tinge; but, as this 
effect arises from a degree of oxydatkm taking place 
upon the surface of the metal, the inside of the barrel 
always suffered by undergoing the same change. This, 
therefore, added to the painful sensation excited in the 
eve, by looking along a barrel so coloured, has caused 
the practice of bluing to be disused for some time 
past Instead of it, barrels are now browned, as it is 
termed. To do this, the barrel is rubbed over with 
nitrous or sulphuric acid, diluted with water, and laid 
by until a coat of rust is formed upon it, more or less, 
according to the colour wanted ; a little oil is then ap- 
plied ; and the surface being nibbed dry, is polished by 
means of a hard brush and beea-wax. When die bar- 
rels intended for a double-barrelled piece are dressed to 
their proper thickness, which is generally less than for 
single barrels, each of them is filed flat on the side 
where it is to join the other, so that they may fit dose 
together. Two corresponding notches are then made 
at the muzzle and breach of each barrel ; and into these 
are fitted two small faeces of iron, to hold diem more 
strongly together. The barrels being united by tinning 
the parts where they touch, the ribs are fitted in, and 
made fast by the same means. These ribs are the tri- 
angular pieces of iron which are placed between the 
barrels, running en the upper and under sides their 
whole length, and serving to hold them more firmly 
together. The under rib is a late improvement, 
and is found more effectually to prevent tire barrels 
from vrarping. When the barrels are thus joined, they 
are polished and coloured in the mmnor already de- 
scribed. 

The twisted barrels are d ese rv ed ly celebrated for 
their superior elegance and strength, but not justly so 
for the accuracy with which they throw either ball or 
shot. The iron employed in them is formed of stubs, 
which are old horse-shoe nails procured from country 
farriers, and from poor people who gain a subsistence 
by picking them up on the great roads leading to the 
metropolis. These ere originally formed from die 
softest and toughest iron that can bo had; and this is 
still further purified by the numerous heatings and ham- 
merings it has undergone in being reduced from a bar 
into the size and form of nails. They cost about ten 
shillings the hundred weight, and twenty-eight pounds 
ace required to make a tingle barrel of the ordinary 
size. A hoop of iron, about an inch broad, and six or 
seven inches in diameter, is placed perpendicularly ; 
sod the stubs, previously freed from dirt by washing, 
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fare neatly pilecl in it, with their beads outermost on 
each tide, until the hoop is quite filled and wedged 
tight with them ; the whole resembling a rough circular 
cake of iron. This is put into the fire until it has 
attained a white heat, when it is hammered, either by 
die strength of the arm, or by the force of machinery, 
until it coalesces, and becomes one solid mass of iron; 
the hoop is then removed, and the heatings and ham- 
merings repeated, until the iron, being thus wrought 
and kneaded, is freed from every impurity, and rendered 
very tough wad close in the grain : the workman [then 
proceeds to draw it out into pieces of about twenty-four 
indies in length, half an inch or more in breadth, and 
half an inch m thickness. These pieces, however, are 
not all of die same thickness, some being more and 
others less than what we have mentioned, according to 
the proposed thickness of the band, and that part of if 
winch die piece is intended to form. One of these 
pieces, being heated red-hot for five or six inches, it 
turned like a screw cork-screw, without any other tools 
than the anvil and hammer. The remaining portions . 
are successively treated in the same manner, until the 
whole piece is turned into a spiral, forming a tube 
whose diameter corresponds with that of the intended 
barrel. Four of these are generally sufficient to form a 
barrel of die ordinary length, which is from thirty-two 
to thirty-eight inches; and die two which form the 
breech, or reinforced part, are considerably 'thicker 
than those which constitute the fore-part or muzzle of 
the barrel. The workman first welds one of these tubes 
to a part of an old barrel, which serves as a handle. 
He then proceeds to unite the turns of the spiral to 
each other, by heating the tube two or three inches at 
a time, to a bright white heat, and striking the end of 
it several times against the anvil in a horizontal direc- 
tion, and with considerable force : this is termed jump- 
ing by the barrel ; and the heats given for this purpose 
are called jumping heats. A mandril is then intro- 
duced into the cavity; and die heated portion is ham- 
mered lightly, to flatten the ridges, or bun, raised by 
the jumping at the place where the spirals are joined. 
As soon as one piece is jumped its whole length, 
another is welded to it, and treated in the same manner, 
until the four pieces are united ; when the part of the 
ok! barrel, being no longer necessary, is cut off. The 
welding the turns of the spiral is performed exactly in 
the same maimer as before described, and is repeated 
three times. The barrel is afterwards finished in the 
same way as a common one. Stub-iron is also wrought 
into plain barrels ; which, as they require a great deal 
less labour, are only half the price of the twisted 
ones. 

The proving of barrels differ in different countries. 
The Spanish proof is a very severe one ; but, as it is 
made before the barrel is filed, it is not satisfactory.' 
At the royal manufactories of St. Etienne and Charle- 
ville, in France, there were inspectors appointed to see 
that no barrels were sent out of these places, whether 
for the king's use or for public sale, without being 
5 HI proved. 
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proved. The first proof was made with a ball exactly 
fitting the caliber, and an ounce of powder. The se- 
cond was made with the same sized ball and half an 
ounce of powder. The reason given for the second 
proof, is, that the first may have strained the barrel so 
much, though the injury be not visible, that it will not 
bear a second trial with a smaller charge { and it is said 
there really are some of these barrels which stand the 
first proof, and yet give way in the second. The usual 
proof of the, Paris barrels is a double charge of pow- 
der and shot; that is, two or two and a half ounces of 
shot. The English Tower-proof, and that of the 
Whitechapel Company, incorporated by charter for 
proving of arms, are made with a ball of the proper 
caliber, and a charge of powder equal in weight to this 
ball : the proof is the same for every size and species of 
barrel, and not repeated. 

* It may be safely asserted, that a good barrel very 
seldom bursts, unless it be charged too highly, or in an 
improper manoer. Whenever, for example, from the 
ball not being rammed home, a space is leit between it 
and the powder, there is a great risk of the barrel 
bursting on being discharged. We say, a great risk, 
because, even under these circumstances, it frequently 
happens that the barrel does not burst. If the ball 
stops near to the powder, a very small windage is suf- 
ficient to prevent this accident ; and it is very rare that 
the ball touches the barrel in every part of its circum- 
ference, unless it has been driven in by force with an 
iron ram-rod, in which case it moulds itself to the ca- 
vity, and blocks it up completely. Should this happen, 
the barrel, however strong it is, will burst, even when 
the space between the ball and the powder is but very 
inconsiderable; and the greater the space that inter- 
venes, the more certainly will this event take place. 
Mr. Robins, when speaking of this matter, says, “ A 
moderate charge of powder, when it has expanded 
itself through the Vacant space, and reaches the ball, 
will, by the velocity each part has acquired, accumulate 
Jtself behind the ball, and will thereby be condensed 
prodigiously ; whence, if the barrel be not of an extra- 
ordinary strength in that part, it must infallibly burst. 
The truth of h is I have experienced in a very good 
Tower musquet, forged of very tough iron; for, charg- 
ing it with twelve pennyweights of powder, and placiug 
the ball (loosely) sixteen inches from the breech : on 
the firing of it, the part of the barrel just behind the 
bullet was swelled out to double its diameter, like a 
blown bladder, and two large pieces of two inches long 
were blown out of it.” The same accident will often 
take place from the mouth of the piece being filled with 
earth or snow, as sometimes happens when we are 
leaping a ditch, with the muzzle-of the piece pointed 
forwards ; and, if in such cases the barrel do not burst, 
it is because Uiese foreign bodies stop it up but very 
loosely. For the same reason, a barrel will certainly 
burst, if fired when the muzzle is thrust into water but 
a very little way below the surface; the resistance given 
to the passage of the inflamed powder through the 


mouth of the piede being in this case much greater than 
that afforded by the sides of the barrel. Except in 
the circumstances mentioned, or in case of an over- 
charge, it is very rare that a barrel bursts. Whenever 
it happens independently of these, it is from a defect in 
the work, and that either the barrel has been imper- 
fectly welded, or that a deep flaw has taken place in 
some part of it: or, lastly, that through want of care 
in the boring or filing, it is left of unequal thickness in 
its sides. The last defect is the most common, espe- 
cially in low-priced barrels ; and, as pieces more fre- 
quently burst from it than from the other defects, it 
ought to be particularly guarded against. The elastic 
fluid which is set loose by the inflammation of the 
powder, and which endeavours to expand itself equally 
in every direction, being repelled by the stronger parts, 
acts with additional force against the weaker ones/ and 
frequently bursts its way through them ; which would 
not have been the case had the sides been of the same 
thickness and strength, and not afforded an uneqnal re- 
percussion. The weakness of any part of the barrel, 
occasioned by the inequality of the caliber, w i/I stiff 
more certainly be the cause of bursting than that pro- 
duced by the filing; because the inflamed fluid being 
suddenly expauded at the wader part, must suffer a com- 
pression before it can pass onward, and the whole force 
is then excited against the weak place ; for gunpowder 
acts in the radii of a circle, and exerts the same force 
on every part of the circumference of the circle. The 
conclusion to be drawn from all this is, that a thin and 
light barrel, which is perfectly upright, that is, of equal 
thickness in every part of its circumference, is much 
less liable to burst than one which is considerably 
thicker and heavier, bdt which, from being badly filed 
and bored, is left of unequal strength in its sides. 

It has been found that the flight of balls, both from 
cannon and small arms, is liable to very considerable 
variations ; and that the piece, notwithstanding it was 
firmly fixed, and fired with the same weight of powder, 
sometimes throws the ball to the right, sometimes to 
the left, sometimes above, and at other times below 
the mark. It has also been observed, that the degree 
of deflection increases in » much greater proportion 
than the distance of the object fired at: thus, at double 
the distance the deflection of the ball from the line 
on which the piece is pointed is coosideftbly more than 
double, and, at treble the distance more than treble 
what it was in the first. Mr. Robins secured a musket- 
ball upon a block of wood, and firing it with a ball, at 
a board of a foot square, sixty yartls distant, found that 
it missed tho board only once in sixteen successive 
discharges ; yet when fired with a smaller charge, at 
the distance of seven hundred and sixty yards, it some- 
times threw the ball one hundred yards to the right, 
and, at other times, one hundred to the left of the line 
it was pointed dn. The direetiou’ upwards and down- 
wards also was fotind equally uncertain, the ball some- 
times bending so. much downwards as to fall two hun- 
dred yards short of fits range at other times. Yet the 
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nicest examination could not discover that the fiarrei 
had started in the least from the position in which it 
was first fixed. It is impossible to fit a ball so accu- 
jately to any plain piece, but that it will rub more 
against one side of the barrel than another, in its pas- 
sage through it. Whatever side, therefore, it rubs 
against on its quitting the muzzle, it will acquire a 
whirling motion towards that side, and will be found to 
bend the line of its flight in the same direction, whether 
it be to the right or the left, upwards, downwards, or 
obliquely. 

- This deflection from a straight line arises from the 
resistance which the air gives to the flight of the bullet, 
it being greatest on that side where the whirling motion 
conspires with the progressive one, and least on that 
side where it is opposed to it: thus, if the ball, in its 
passage out, rubs against the left side of the barrel, it 
will whirl towards that side ; and, as the right side of 
the ball will therefore turn up against the air during its 
flight, the resistance of the air will become greatest on 
the right side, aud the ball be forced away to the left, 
which was the direction it whirled in. If the axis round 
which the ball whirls preserved its position during the 
whole of the flight, the deflection would be in the same 
direction from the one end of the track to the other. 
But, from accidents that are unavoidable, the axis of 
the whirl frequently changes its position several .times 
during the flight ; so that the ball, instead of bending 
its course uniformly in the same direction, often de- 
scribes a track that is variously contorted. So great, 
however, is the tendency of the half to deflect itself to- 
wards the side it rubs against, that although, when fired 
out of a barrel that is bent towards the left hand, it 
will be thrown from the piece in the direction of the 
bend, yet as the ball in this case will be forced to rub 
against the right side of the muzzle, and thus turn its left side 
up against the air, so it will be found to alter its course 
during the flight, and bend .away towards the right-hand, 
so as to fall a considerable way to the right of the line 
in which the piece was pointed. , j 

From what has been said,' it will readily appear, that ; 
these variations will be more frequent and considerable 
when the ball runs very loose in the piece; or when, 
from any roughness on its surface, or on the inside of 
the barrel, a considerable degree of friction takes place 
between them. With a view to prevent friction, it has 
been proposed to grease the ball ; but this will be of 
tittle service. All that cfcn be done in 21 plain barrel, 
is, to have the balls cast very solid and true, and after- 
wards milled in the same, manner as is now practised 
upon shot : the barrel also should be very smooth on 
the inside, and the ball fit it . very accurately, so as 
to leave scarcely any windage. And yet,, with the help 
of all these, it wdl still be. very difficult to prevent it 
altogether; for gravity will constantly act, and friction 
on the utodef side will naturally be occasioned by the 
weight of the ball. . 

From considering the causes of this aberration in the 
flight of the bullets, it will be pretty evident, that the 
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only means of correcting it is by preventing the ball ~ 
from nibbing more against one side of the barrel than 
another in passing through it; and by giving to the 
bullet a motion, which will counteract every accidental 
one, and preserve its direction by making the resistance 
of the air upon its fore part continue the same in eveiy 
part of the flight. The contrivance for tjiis purpose is 
termed rifling, and consists in forming upon the inside 
of barrels a number of furrows, either in a straight or 
spiral direction ; into these the ball is moulded, and 
any rolliug motion along the sides of the barrel, in its 
passage out, thereby prevented. Barrels of this con- 
struction have been in use upon the Continent since the 
middle of the sixteenth century, but were little known, 
and still less employed in England, until within these 
fifty years. » 

The spiral rifled barrels, however, have entirely su- 
perceded the straight rifled ones, because, although the 
latter prevented the rolling motion of the ball that takes 
place in a plain barrel, yet they do not communicate 
any other motion, that could serve to correct the varia- 
tions that may occur during the flight. The furrows, 
or channels, which are termed the rifles^ vary in num- 
ber according to the fancy of the workman, or that of 
the purchaser, but are never less than six, or more than 
twelve, in a common-sized piece. Their depth is 
equally subject to variation ; but the breadth of the fur- 
rows and of the threads is generally the same. In some; 
of the pieces, the spirals make a half- turn, in others, 
three-fourths, and in others, again, an entire revolution 
in the length of the barrel : an entire revolution, how-? 
ever, is the most common, though, from the great 
difference in the length of rifle-barrels, there should be 
some standard assigned for the obliquity of the spirals 
which would communicate a rotary motion to the ball, 
sufficient to correct any aberration in its flight ; and this 
might be determined by comparing the effects of a 
number of pieces ; that differed only in the obliquity of 
the rifles. 

Barrels intended to be rifled are previously bored and 
smoothed within, in the manner already described: 
they are, however, forged as guich thicker than plain, 
barrels as the depth of the rifles; for, although the 
threads of the spiral add to the weight of the barrel, ^ 
they do not increase its strength in the least, with re- 
gard to the force exerted upon it by the powder. 
These pieces are charged id various ways. In general* 
the ball, \riiich is sometimes larger than the caliber be^, 
fore it was rifled, is driven down to the powder, by 
means of an iron rammer, struck with a niaflet, wherer 
by that zone of the ball which is in contact /with the 
sides of the barrel becomes indented all round, and is . 
moulded to this fortn of the rifles. When the piece is 
fired, the projections of the ball which fill the rifles, , 
being obliged to follow the sweep of the spiral, t{ie ball . 
thereby acquires a rotary motion upon £n axis that cor- 
responds with the line of its : direction ; so that the side 
of the bullet which lay foremost in the barrel continues 
j foremost during the whole of the flight. By this 

means 
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means the resistanceof the air is opposed directly to the 
bullet’s progress, and not exerted more against one part 
than another of that side which moves foremost ; and 
accordingly the bullet preserves the line of its direction 
with very great steadiness. 

It now remains to speak of the sights, which, although 
they do not constitute the essentiiu part of a rifle, as 
they may be used with a plain bored barrel, yet as that 
is seldom done, and as they are always used with a rifle 
it will not be proper to omit mentioning them. 

It may be strictly said, that no part of the path of 
the bullet when fired from a rifle or musket, is in a 
right line, as gravity acts upon the bullet the instant it 
units the mouth of the piece, and, although at a small 
distance it is not very perceptible, yet it is considerably 
so at one hundred yards, and at two hundred yards the 
ball would probably strike the ground before it could 
reach the object aimed at. To remedy this inconveni- 
ence, it is found necessary to aim at exactly such a 
height above the object as die ball would have been de- 
pressed to by the power of gravity had it been aimed at it 
point blank, See. ; that if we suppose this depression to 
be a foot in a hundred yards, we must aim a foot above 
the object. But here another inconvenience arises, for 
if we aim above the object, by raising the muzzle of 
our piece, the object is excluded from cuir view, by the 
intervention of the barrel, so that we are prevented 
from measuring the distance with our eye, and, instead 
of one, are liable to aim two or three above it. 

The second difficulty is removed by depressing the 
breach of the gun instead of elevating the muzzle, and 
the quantity of the depression is measured with great 
nicety by what are called the sights. 

On die upper surface of the barrel, at right angles 
with its axis, is fixed a piece* of fiat thin iron, about 
six indies from the breech, and on the centre of its top 
a small square notch is filed. This is called the back 
right The front eight is nothing more than the snail 
knob of iron, or brass, which is fixed on all fowlir^- 
pieces, about half an inch from the muzzle. When 
aim is taken, the eye is raised over the back sight tsU 
die front sight appears through the notch which is then 
brought upon the object 

With respect to the gun-lock, great care is taken in 
die manufacture of this article, and in the finishing it 
This consists of divers parts, such as the cock, which 
is the part containing the flint: the priming-pan, to 
hold a small quantity of powder, which is connected 
with that in the barrel : the hammer, that which covers 
the priming, and against the upper part of which the 
flint strikes: the trigger, used to bring the flint and 
hammer in contact ; and certain springs, as the main- 
spring, the rear-spring, &c., which are concealed in the 
stock, and which are adapted either to hold the cock 
on the half-cock, whole cock, or to extricate it at the 
moment of firing the piece. 

Many attempts have been made to improve this port 
of die instrument, and to render it more safe in die 
bands either of inexperienced or careless persons, be- 


cause, in common locks, it sometimes happens that the 
piece will go off when it is only on the half-cock, and 
when it ought to be perfectly secure from accident. 

The “ Societal in the Adelphi, for the encourage- 
ment of Arts, Manufactures, &c., have rewarded many 
persons for their ingenuity in this respect. We shall 
notice the improvements of Mr. Webb, and of Mr. 
Dodd; to the former they presented twenty guineas, 
as a mark of dieir approbation : to the latter, their ho- 
norary medal and ten guineas. 

Mr. Webb's improvement may be thus described: — 
The lock is so contrived that when k is on full-cock, 
and the trigger pulled in the common manner, k re- 
turns to the half-cock only, unless at the same time that 
the trigger is pulled, the pressure of the thumb is ap- 
plied on a spring placed upon the but or stock of the 
gun ; in which case it gives fire in the usual way. The 
object of the invention is to guard against accidents 
which arise when fire-arms are left loaded, or the mis- 
fortunes which frequently happen from twigs of trees 
or bushes catching the trigger when sportsmen are 
passing through hedges, &c. 

Mr. Dodd says his improved lock is so perfect!/ se- 
cure as to preclude the possibility of its firing when on 
fee half-cock, either by accident, violence, or design. 
It possesses all the advantages of stop or bolt-cocks, 
without the inconveniences to which they are liable. 
Our readers shall hear his own account as taken from 
fee twenty-second volume of the “ Transactions* of the 
Society of Arts: — 

“ Though these improved locks are perfectly secure 
St half-cock, they will fire from wbole-cock, wife muck 
more certainty than a lock having a hair-trigger, be- 
cause loss complex,, and wife equal fleetness. 

" A most valuable improvement in this lock is, that 
patting fee trigger, when the piece is at half-cock, rea- 
ders k more and more secure, fee reverse of this being 
the case with common locks; for fee more powerfully 
fee trigger is pulled when they are at half-cock, fee 
more insecure they become. 

u Another truly essential improvement is, that this 
lock cannot possibly catch and stop, at the position of 
half-cock, when passing from the whole-cock, and miss 
fire ; a serious misfortune, to which locks made on the 
common principle are so liable, feat to prevent k, all 
the best of these use a peculiar piece of machinery 
palled a fly, or dkachant 

“ The improved locks will be much less liable to be 
out of repair, as the bents are much deeper, and n» 
through fee solid metal direct towards fee centre of the 
tumbler : unlike fee usual bents, they are small, point- 
ed, and the line of their depth near fee circumference 
of fee tumbler. Hence they are apt to be snapped off, 
or easily worn away, and fire from half-cock, as too 
frequently and fatally occurs. 

44 When these improved locks require cleaning, feey 
are of 'so plain and simple a construction, as easily to 
be taken to pieces, and put together by any soldier or 
sportsman. 

"To 
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“To pat one of fhese Improved locks to as old 
stock, it is merely necessary to make some trivial alter- 
ations in the excavation of the wood. 

“ The Sportsman who has one of thehe improved 
locks to a fowling-piece, if the trigger should become 
entangled with a twig, may forcibly pail his piece 
'away, assured, that in so doing, he increases his safety: 
bat, if it he a common lock, be must tom back, and 
-cautiously unloose, lest the piece explode. 

u The improved locks possess four times the strength 
■of common locks where die latter are weakest, and are 
of equal strength in ail other parts. 

“ Among the many contrivances and complicated 
means to prevent pieces going off at half-cock, bolts 
have principally been used ; bat they are ill adapted to 
the purpose, exclusive of the additional expense ; for 
few people, when alarmed, have the presence of mind 
first to unbolt the piece to render it fit for service, but 
they instantly attempt to cock. Disappointment adds to 
their agitation, and increases the confusion ; and, ere they 
-recollect their mistake, the lost moments, at such a junc- 
ture, may occasion the loss of their lives ; especially from 
free-boQters and rifle-men, who are always prepared be- 
fore they attack, and seldom shew mercy to them from 
whom it appeared they had none to expect But this 
lock is admirably devised for safety and service, as it 
merely need be cocked for use, and half-cocked for se- 
curity ; both which can be performed with expedition 
equal to that of any other lock that ever was made public. 

“ Common locks are subject to the most momentous 
tinting of a fake or delusive half-cock; for the node of 
the sear rests on the point of the half-cock bent, which, 
m it causes no alteration in die external appearance, 
cannot be discovered, and its sad effects prevented. 
This veiy serious accident frequently occurs among re- 
cruits and unskilful gunners, from inattention to a very 
'fine punctilio of military exercise; but it is utterly im- 
possiWe that this should ever occur with the improved 
fefck, by accident or even by design. The improved 
lock is eoiistvucted on more mechanical principles, 
aid is much simpler, and more easy to manufacture, 
than any other lode. Hence, there will be no increase 
of expense in execution, bat a considerable decrease to 
the locks of rifles, fowling-pieces, pistols, Sic. 

“ Simplicity atone is deemed a valuable hnprove- 
ment ; but, to this excellency, the improved lock unites 
a pleasing variety of new and useful superiorities, with- 
out Sacrificing any advantage which the bust of common 
locks at present possess. 

“ These improvements are equally applicable to all 
'descriptions of fire-arms, civil as well as military.” 

' We shall now give a description of a gun-lock, for 
which His Majesty’s letters patent have been obtained by 
Mr! Manton, of Dorset-strect. — In this the hammer acts 
downwards, and opens that side of the pan nearest the 
cock to admit the sparks of the prime. The hammer 
returning to its jointing, fills up the opening in the pan, 
und it is furnished with a strong steel pan, fastened by 
a stud in the back, and a small screw through the ham- 


;W7 

mer. At the lend of the hammer face; nearest the pan, 
ssaamaH groove or notch,suakinthehan>n«r tocarry off 
any. wet that may come down upon it* The hammer is 
fixed to the plate by the Same screw that fastens the 
hammer-spring on the inside. The hole in the shank of 
the hammer being screwed, it turns on the hammer- 
springs which cotnes. through the plate about three- 
eighths • of an itich* On the inside of the hammer- 
spring there is n projection one-fourth of an inch 
tong, which Comes through a 'square hole in the plate 
into a hole in the shank of the hammer, and forces it 
to return to its jointing with the pan, when the lock is 
brought to balf-cock. The cock is fiat on the inside, 
and is barely oue^eigfath of an inch thick. It parses 
between the plate and the hammer when it comes 
down. The iaws project outwards, to answer the ham- 
mer. A bulge is left m the breast of the cock to 
render the fitting of the squares of the tumbler more 
strong and perfect* When the lock is eti tick down, the 
flint comes in contact with the hammer-face, near the 
end, and forces it down sufficiently to admit the sparks 
into die pan. * The inside of the pan is round, and the 
same size from end to end. About one-third is cut out 
to receive part of the hammer. The main-spring has a 
stud like others. The end of the stud size is bevelled 
to fit under die end of the nib, by which it is prevented 
from rising. The eraue of the tumbler has a roller in 
the end, on which the maia-spriug acts. The bridle 
has a strong leg on the inside, with a round stud, which 
fits into the plate near the sear-nose, to prevent it from 
twisting when the tumbler comes m contact with the 
eye to stop the cock. The sear acts on the tyrabler in 
the usual way, but the. shank is nearly vertical instead 
Of horizontal. The sear-spring acts on a shoulder, left 
on the .outside of the sear for that purpose, and forces 
the sear-nose to the’ tumbler. The pan of this lock is 
primed from the touch-hole by the compression of the 
air in loading. 

The following are described as the - principal advan- 
tages derived from this lock j — 1. The pan being solid 
with the plate at the top, protects the prime from wet. 
2. The hammer opening downwards, qnd the flint act- 
ing fa a direct line with the pan, the sparks communi- 
cate quicker to the prime. 3. The hammer returns to 
its jointing with the pan wuen the lock is brought to 
half-cock, without any additional trouble to the user. 
4. The lowness and compactness of * the lock altoge- 
ther, render it much less difficult to protect from wqt, 
and much less liable to accidents by catching, in cover- 
shooting, than locks of the present construction. 

The lock, as we have already observed, is let into 
the gun-stock, which is uniformly manufactured from 
! the wood of the waluut-tree, of which; the gun-smith 
always keeps a large Stock, and well seasoped. The 
I gun-stocks are usually made by workmen at their own 
! homes, because one man will fashion gun-stocks suffi- 
cient for the wants of several gun-smiths, 
i Before any of the pieces described are appropriated 
1 for service, it is necessary, as we have .already Observed, 
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to have each undergo a particular trial of its soundness, 
which is called a proof, to be made by or before one 
authorized for the purpose, called the proof-master. 

To make a proof of the piece a proper place is 
chosen, which is to be terminated by a mount of earth, 
very thick, to receive the bullets fired against it, that 
none of them may run through it The piece is laid on 
the ground supported only in the middle by a block of 
wood. It is fired at three times ; the first with pow- 
der of the weight of the bullet, and the two others 
with three quarters of the weight ; after which a little 
more powder is put in . to singe the piece ; and, after 
this, w'ater, which is impressed with a spunge, putting 
the finger on die touch-hole, to discover if there be any 
cracks ; which done, they are examined with the cat, 
which is a piece of iron with three grasps, disposed in 
the form of a triangle, and of the caliber of the piece. 

Having gone through the principal parts of the bu- 
siness to be treated on, we shall conclude the article 
with an account of the gun-flint, which is of great im- 
portance in the practice of gunnery, and the proper 
forming of which is a distinct trade in France, and is 
thus described * 

In France, the best flints are found in the neighbour- 
hood of St Aignan, in the department of the Loire et 
Cher, and in that of the Indre, and die departments 
that occupy the valleys of Siene et Marne ; they occur 
as horizontal banks in fletz-limestone, particularly chalk, 
and also in marh Among twenty of such beds or 
layers, situate one above the other, at the distance of 
about twenty feet, there is generally only one, very 
seldom two, that furnish good gun-flints. All those of 
a good quality are coated with a white earthy rind. On 
the banks of the Cher, the flints are excavated by 
means of shafts of from forty to fifty feet in depth, 
from whence levels or horizontal galleries are carried 
into the only good stratum which is known in that 
district ; but on the banks of the Seine, in the hillocks 
of Rocheguyon, where the cliffs of chalk present 
broken precipices, one of these beds, which contain 
the best sort, is at about six fathoms’ distance from the 
upper surface of the great mass of chalk. , 

The characters by which the good flints are distin- 
guished from those less fi^ for being manufactured, are 
the following : — Their surface is rather convex, ap- 
proaching to globular ; those that are amorphous, or of 
a very irregular form, such as knobbed, branched, &c., 
are generaUy full of imperfections. Good flint nodules 
seldom exceed the weight of twenty pounds ; nor are 
those that weigh less than one or two pounds considered 
as being of a good quality. Internally, they should ap- 
pear unctuous and rather shining, with a grain too fine 
to be perceptible to the eye. The colour may vary 
from honey yellow to blackish brown, but the tint 
should be uniform in the same nodule. Their transpa- 
rency should be sufficient to admit letters to be distin- 
guished through a piece of stone of a quarter of a line 
thick, laid close upon the paper. Their fracture should be 
perfectly smooth and equal throughout, and the frag- | 


ment slightly conchoidal. The last of these properties 
is most essential, since on it depends the facility with 
which the nodule is divided into gun-flints. All flints 
that prove deficient m any one of the above characters, 
either naturally or by a long exposure to the air, are 
called intractable , and rejected by the workmen. 

The tools made use of * by the makers of gun-flints 
are four in number. — 1. A hammer, or mace of iron, 
with a square head, the weight of which does not ex- 
ceed two pounds, with a handle of seven or eight 
inches long. This tool is not made of steel, for an ex- 
cess of hardness would render the strokes too bard or 
dry, and would shatter the nodules irregularly, instead 
of breaking them by a clear fracture. 

2. A hammer with two points. This is made of 
good steel, well hardened ; its weight does not exceed 
sixteen ounces, it need not weigh more than ten ounces. 
Its handle is seven inches long, passing through it in 
such a manner that the points of the hammer are nearer 
the hand of the workman than the centre of gravity of 
the mass. The form and size of the hammers of dif- 
ferent workmen vary a little ; but this disposition of the 
points is common to them all, and is of consequence to 
the force and certainty of the blow. 

3. The disk hammer, or roulette, a small tool which 
represents a solid wheel, or segment of a cylinder, two 
inches and four lines in diaqxeter ; its weight does not 
exceed four ounces. It is made of steel not hardened, 
and is fixed on a handle six inches in length, which 
passes through a square hole in the centre. 

4. A chisel tapering and levelled at both extremities, 
seven or eight inches long, made of steel not hardened; 
this is set on a block of wood, which, at the same time 
serves as a bench for thd workmen. 

To these four tools we may add a file, for the pur- 
pose of restoring the chisel from time to time. 

After having selected a good mass of flint the follow- 
ing operations are performed by the workmen : — 

1. To break the Block. — The workman being seated 
on the ground, places the nodule of flint on his left 
thigh, and applies slight strokes with the square ham- 
mer, to divide it into smaller pieces of about a pound 
and a half each, with broad surfaces, and almost eveu 
fracture, the strokes should be moderate, lest the mass 
crack and split in the wrong direction. 

2. To cleave and chip the Flint . — The principal 
operation is to split the flint well, or to chip off the 
scales of the length, thickness, and shape adapted to be 
afterwards fashioned into gun-flints. In this part the 
greatest degree of address anjrt certainty of manipula- 
tion are required. The fracture of the flint is not con- 
fined to any particular direction, it may be clipped in 
all parts with equal facility. 

The workman holds the piece of flint, in his left band 
not supported, and strikes with the pointed hammer oa 
the edges of the great planes produced by the first 
breaking, by which means the white coating of the 
flint is removed in the form of small scales, and the 
mass of the flint itself laid bare ; after which he con- 
tinues 
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tinues to chip off similar scaly portions from the 
pure mass of the flint. These scaly portions are nearly 
one inch and a half wide, two inches and a half long, 
and their thickness in the middle is of about two lines. 
They are slightly convex below, and consequently 
leave in the part of the flint from which they, were 
separated a space slightly concave, longitudinally bor- 
dered by two rather projecting straight lines or ridges. 
These ridges produced by the separation of the first 
scales, must naturally constitute nearly the middle of 
the subsequent pieces, and such scales alone as have 
their ridges thus placed in the middle are fit to be 
made into gun-flints. In this manner the workman 
continues to split or chip the. mass of flint in various 
directions, until the defects usually found in the inte- 
rior render it impossible to make the fractures re- 
quired, or until the piece is reduced too much to 
receive the small blows by which the flint is divided. 

3.* To fashion the Gun flint. — Five different parts may 
be distinguished in a gun-flint. 1. The sloping facet, 
or bevel part, which is impelled against the hammer of 
the lock of the gun. Its width should be from two to 
three-twelfths of an inch : if it were broader it would 
be too liable to break ; and if more obtuse, the scin- 
tillation would be less brisk. 2dly. The sides, or late- 
ral edges, which are always rather irregular. 3dly. The 
back, or the part opposite the tapering edge: this is 
the thickest part of the flint. 4thly. The under sur- 
face, which is uninterrupted and rather convex. And, 
5thly. The npper facet between the tapering edge and 
the back, which receives the upper claw of the cock; 
it is slightly concave. 

In order to fashion the flint, those scales are selected 
that have at least one of the above-mentioned longitu- 
dinal ridges: the workman fixes on one of the two 
tapering borders to form the striking edge ; after which 
the two sides of the stone that are to form the lateral 
edges , as well as the part which is to form the back, 
are successively placed on the edge of the chisel in 
such a manner that the convex surface of the flint, 
which rests on the fore-finger of his left hand, is turned 
towards that tool. He then, with die roulette, applies 
some slight strokes to the flint just opposite the edge of 
the chisel underneath; by which means the flint 
breaks exactly along the edge of the chisel. 


4. The finishing operation is the trimming, or the 
process of giving the flint a smooth and equal edge ; 
this is done by turning the stone and placing the 
edge of its tapering end on the chisel, in which situa- 
tion it is completed by five or six slight strokes with the 
solid wheel. 

The whole operation of making a gun-flint is per- 
formed in less than one minute. A good workman is * 
able to manufacture a thousand good chips or scales a 
day, if the flint nodules be of a good quality ; and in 
the same manner he can fashion 500 gun-flints in a day ; 
so that in the space of three days he is able to cleave 
and finish a thousand gun-flints without further assist- 
ance. This work leaves a great quantity of refuse, for 
scarcely more than half of the scales are good, and 
nearly half the mass in the best flints is incapable of 
being chipped out, so that it seldom happens that the 
largest nodules will furnish more than fifty gun-flints. 
Such scales as have a crust, or are too thick to be made 
into gun-fliuts, are used for the more common purpose 
of striking a light. The gun-flints are sorted out ac- 
cording to their perfection, and the use to which they 
are to be applied. They are classed into extra and 
common flints : flints for pistols, muskets, and fowling- 
pieces. This account of gun-flints is taken from a 
paper published by Citizen Dolomieu in the third vo- 
lume of the “ Memoires de ITnstitute Nationale,” 
which was translated and partly abridged in the second 
number of Nicholson’s Journal, octavo edition. It is 
said, that a single workman, named Stephen Buffet* 
who emigrated from the commune of Meunes to the 
banks of the Seine, where he has carried on this art 
for about thirty years by himself, was the person from 
whom Dolomieu obtained the present instructions. 
There are a few other places in France where this 
art is practised, but iu none to the extent of the places 
before-mentioned. The author has not met with this 
manufactory in any other countries, except in the terri- 
tory of Nicenza, and one of the cantons of Sicily. He 
remarks that it may be carried on elsewhere, though 
probably overlooked by travellers, on account of its 
apparent insignificance. I believe it is practised at 
Purfleet, in the county of Kent, and in various other 
parts of England. / 


/ 


HAT-MAKING, 


Digitized by 



HAT-MAKING. 


Somr kind of covering for the head, either for 
defence or ornament, appears to have been generality 
worn in all ^ges and countries where the inhabitants 
“have made any progress in the arts of civilized life. 
It has, indeed, been stated on the authority of Herodo- 
tus, that the Egyptians were accustomed to appear 
bare-headed ; but this assertion must be considered as 
subject to limitation, probably comprising only some 
of the poorer classes of the community, as from other 
documents it appears they were no strangers to this 
article of dress, and it is well known that a crown was 
the signature of royal authority. The form, substanee, 
and colour of bead -dresses have been exceedingly va- 
rious, according to the different circumstances or hu- 
mour of the Wearers. The Persians wore turbans, and 
other nations inhabiting the Indian Peninsula, wore a 
Jkmd of covering for the head which, like die thick-feud 
thatch of a lowly cottage, seemed calculated to divest 
the whole building of aH proportion. The imperial 
turban is said to have been composed of almost a whole 
bale of muslin, twisted and formed nearly in an oval 
abape, surmounted with a woollen cap, encircled with a ! 
radiated Crown : the ministerial turban was smaller in j 
its dimensions, but of superior altitude. The turban' 
of the chief magi, on account of his superior eminence, 
Ivas higher than those of die monarch and minister 
united; and, by a regular gradation preserved among 
those of the inferior magi, the most ignorant could 
ascertain their situation and dignity. The Jews wore 
a variety similar to those of the nations with whom they 
tvere connected. From the Persians they borrowed 
those large turbaus which adorned their elders, doctors; 
mid scribes. The mitre of the priests was their own. 1 
Several of their tribes adopted the caps which the Ro- I 
mans were accustomed to give their slaves on their ma* 
numission ;* and which is said to have borne a great re- 
semblance to some worn by the polished Jews to this*' 
day. The ancient helmets were a substitute for hats, 
made of steel, brass, and sometimes more costly metals. 
In our own country, Stow^e informs us, that “ The 
English used to ride and go winter and summer in knit 
caps, cloth hoods, and the best sort in silk thrummed 
hats.” 

Head dresses, from their variety, simplicity, and mu- 
tability, had hitherto been an object of little regard in 
a manufacturing or commercial point of view. The iu- 

• The ancient Romans gave a pilms or cap to their slaves in the 
ceremony of making them free : whence the proverb rocare 
axt piliwn, Hence also on medals the cap is the symbol of 
‘Liberty, who is‘ represented either as beariug it on the top of a 
spear or holding it by the point in her right hand. 


traduction of felt bats has occasioned a uniformity and 
extent to ibis article of dress unknown in former ages ; 
i and has proved of considerable importance to the maau- 
foctarer and the tradesman. Cariosity is' naturally 
excited to become acquainted with the partictshts 
respecting their invention, and the subsequent stages of 
improvement in the manufacture ; but the operation of 
individual interest, so generally connected with the 
useful arts, seems to have concealed the whole in ob- 
scurity, and tittle information on the subject can now 
be obtained. 

The hatters have a tradition among them, that wteie 
St. Clement, the fourth bishop of Rome, was ficeag 
from his persecutors, his feet became blistered, and, to 
afford him relief, he was induced to put wool between 
his sandals and the soles of his feet On continuing his 
journey, the wool, by the perspiration, motion, and 
pressure of the feet, assumed a uniformly compact sub- 
stance, wtiich has since been denominated Jtlt. When 
he afterwards settled aft Rome, k is sain he improved 
the discovery; and from this cbcumataoce has been 
' dated the origin of felting. It affords a confirmation 
j to the truth of the account that the hatters in Ireland, 
and in several other catholic countries, still bold a festi- 
val on St. Clements day. It does not appear, however, 
that St. Clement so far improved the occurrence, as to 
have hafts formed of this substance : these are mid to 
have been invented aft Paris, by a Swiss, about the 
commencement of the 15th century. They were not 
generally known till Charles the Seventh made his tri- 
umphant entry into Rouen in the year I44& when, 
from 'F.- Darnel’* account of that entry, k appears he 
' astonished the whole city by appearing in a hot lined 
i with red silk, and surmounted by a plume of feathers; 
from this entry their general use is dated. 

When the clergy first adopted this part of dress, it 
• was considered as an unwarrantable indulgence : councils 
were held, and regulations published, forbidding any 
priest or religious person to appear abroad so covered ; 
and enjoining them to keep to the use of chaperons or 
hoods, made of black cloth, with decent corned: if 
they were poor, they were, at least, to have cornets 
fastened to their hats, upon penalty of suspension and 
excommunication. And, by the statute of 13 Eliza- 
beth, every person above the age of seven years, and 
under a certain degree, was obliged on Sundays and 
' holidays to wear a woollen cap, made in England, and 
finished by some of the fraternity of cappers, under the 
penalty of three shillings and four-pence for every day’s 
neglect. Tins statute was repealed the 39th Eliz. 

How 


igitized by t^ooQle 



HAT-MAKING. 


!How far tbe manufacture of bats was practised on 
the 'Continent before they were made in England, we 
are not able to say ; from Stows Chronicle we learn, 
<that about tbe beginning of Henry the Eighth, began 
the making of Spanish felts in England, by Spaniards 
and Dutchmen : from hence it appears, that before this 
time, in Spain and Holland they were no strangers to 
the art. In the second year of James the First, the 
felt-makers df London obtained a corporation, and hired 
a hall near Christ-churCh, the king granting them va- 
rious privileges and liberties for their support. Hats 
are at present made in different countries on the Conti- 
nent, and in America; but they have not been made in 
any considerable quantities, or attended to as an article 
df commerce, except in France and our own country. 
From France they were exported, in large quantities, 
to Fugland, Spain, Italy, and Germany : the quantity 
now made there is inconsiderable : England has, in its 
turn, become the grand mart for the manufacture ; and 
from hence the article is exported to different parts of 
the Continent, America, and various other parts of tbe 
globe. To encourage the manufacture of hats our own 
laws prohibit their importation. 

Felt hat-making consists in a method of working up 
wool or hair into a species df cloth, independently of 
either spinning or weaving ; and giving it a convenient 
form, with a degree of stiffening sufficient to preserve 
its figure, and to answer the purposes of wearing. The 
mechanism of felting is curious and interesting : it de- 
pends on the conformation of all animal hairs and 
wool, which disposes them to unite with each other in 
such a manner as to produce a firm and compact sub- 
stance. 

On examining hairs, or filaments of wool, with the 
naked eye, or even by a low magnifying power of the 
microscope, they appear perfectly smooth and even. 
Their surface, notwithstanding, is by no means smooth; 
but composed of lamellae, covering each other from 
the root to the point, in a manner resembling that by 
which the scales of a fish cover the animal from the 
head downwards. This disposition of the lamellae on 
the surface of hairs is discoverable by holding a hair 
with one hand, and drawing h between two fingers of the 
other, in the different directions from the root to the 
point, and from the point to the root. In the former 
case no sensible friction takes place, nor is any rough- 
ness discoverable : in the latter we discover a very sen- 
sible resistance, which is most readily discerned by 
moistening die fingers. The following experiment is 
still more decisive. By holding a hair between the 
fore-finger and thumb, and nibbing it in the longitudinal 
direction, a progressive motion takes place, and this 
motion is invariably towards the root, or with the root 
of the hair foremost. For example : if the hair be held 
in a perpeudicular direction with the root upwards, by 
nibbing the finger and thumb together, it will be found 
to assume a motion by which the extremity of die hair, 
pointing upwards, will rise still higher ; but if die hair 
is turned, so that the extremity farthest from the root 
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be placed upwards, its rising motion is discontinued, 
and it immediately recedes downwards. This is analo- 
gous to what happens when children, by way of sport, 
introduce an ear of rye or barley between the wrist and 
the shirt, the points of the beards of which are directed 
outwards. By the various motions of the arm, this 
ear, sometimes catching against the shirt, sometimes 
against the skin, takes a progressive motion backwards, 
and soon gets up to the arm-pit. It is very clear, that 
this effect is produced by the beards df 1 the ear, and, 
indeed, chiefly by the asperities upon those beards, 
which being all directed* towards the point do not per- 
mit the car to move in any other direction than towards 
thatpart to which it was united to the stalk. 

This conformation of the surface of hairs and wool, 
which appear to be composed of hard lamellae or aspe- 
rites, placed over each other likes tiles 'from die root to 
the point, lays the foundation of felting. In a layer of 
the material, by the operation it undergoes, the hairs 
are brought into close contact by their progressive and 
uniform motion towards the root; and meeting in va- 
rious directions they become twisted together, the 
families of the different hairs fixiug themselves to others 
directed in a contrary way, at the same time, preserving 
the whole in a close and compact substance. 

The materials in general use are, lambs’ wool, rab- 
bits and hares’ for, beaver, seal wool, monkey Stuff, or 
neuter wool, camels’ hair, goats’ hair or estridge, silk, 
and cotton. Moles’ fur, and otter wool, are likewise 
sometimes made use of. The foreign lambs’ wool ge- 
nerally used is the Italian, Spanish, and Peruvian, or 
vicuna wool, commonly known among hatters by the 
name of red wool Our native wools are of various 
qualities : those in most esteem are the Herefordshire, 
or Ross wool, Southdown, Wye-side, Wiltshire, So- 
merset, and Hampshire. There is likewise wool 
sheared from Spanish lambs bred in England, known 
by the name of merino. Cod-wool is the wool plucked 
from lambs who die in the birth ; long cod-wool is that 
plucked from lambs that die in early life. The best 
fur is from the backs of the different animals, and it 
decreases in value as it approaches the belly. Rabbits’ 
fur, including the backs, and the best part of the sides 
mixed together, is known in the market by the name of 
best stuff; the fur from the bellies and worst part of the 
sides, seconds ; that from odd bits of skins, &c., clippings ; 
and the fur taken from rabbit-skins, when they are out 
of season, is denominated quarter-wool. The for from 
unseasoned hare-skins is called stage hare-wool: with 
this is mixed also the inferior fur from seasoned skins. 
The best for from the beaver is ruffiog ; the next in 
value, cheek-napping ; and the inferior sorts are black- 
wooms, brown-wooms, white-wooms, brown-stage, and 
white-stage. Old-coat is taken from the beaver-skins 
that have been worn by the savages ; but little of this 
article is now imported. 

The wools are washed and carded, and when very 
long, cut to a moderate length with a chopping-knife, 
or hatchet, on a wooden block. White Russia best* 
5 K stuff 
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atuff and hares’ wool, and the most inferior stuffs, as | 
clippings, tail-wool, 8tc., are improved by the opera- 
tion of carrotting- For this purpose, a layer of die 
.stuff is placed in a box, or any suitable vessel, not of 
metal, and sprinkled over with a mixture of about one 
part nitrous, or nitrous and sulphuric acid, and six 
parts water, by means of a brush. A second layer is 
then placed in the vessel, which is again sprinkled with 
the acid mixture ; this is repeated till it is full. To 
prevent the liquor running down into the bottom of the 
.vessel, without equally wetting all the stuff, its posi- 
tion is frequently changed in the course of the day ; it is 
then kept in the digesting heat of a stove all night. By 
this treatment the stuffs acquire a ruddy or reddish yel- 
low colour, like the inner part of a carrot, from which 
.it derives its name. 

In felting any of these materials together, the first 
object of the workman is to obtain the most complete 
separation of the fibres, and to dispose a layer of them 
in every possible direction with regard to each other ; 
this is effected by means of bowing. For this purpose, 
a platform of wood, about four feet wide, is erected 
against the wall of a convenient shop, and divided by 
side partitions about the same width from each other, 
into distinct portions, for the convenience of different 
workmen, called hurdles, each of which is enlightened 
by a small window. To each hurdle is suspended a 
bow, by means of a small cord fixed to the ceiling, or 
any other convenient place, consisting of a pole about 
seven feet long, generally made of deal-wood, to which 
are fixed two bridges of hard wood, the upper one 
nearest the window, called the cock, and, the lower 
one, the breech. To ihe upper part of the pole, above 
the cock, is fastened a cat-gut line, or bow-string, of 
^considerable length, aqd twisted round the pole, leaving 
only sufficient to bring over the cock a^d breech, and 
to fasten to the lower part of the pole : thus, when the 
string breaks, it is partly untwisted from the upper end 
of the bow, and the necessity of a new one is pre- 
vented. To preserve the jvood from wearing by the 
action of the bow-string, a strip of horse-skin, or vel- 
lum, is fastened to. the edge of each bridge ; and near 
the cord, by which the bow is suspended, is fastened a 
small strap to place the hand in, which enables the 
workman to hold it with firmness. The bow-pin is a 
small stick with a knob at each end for plucking the 
bow-string. 

As the process of making is a little different in dif- 
ferent kinds of hats, we shall first describe the manu- 
facture of wool bats, or cordies. A quantity of carded 
wool, of one or more sorts, sufficient for one hat, ge- 
nerally about seven or eight ounces, is laid on the 
hurdle, towards the left. The workman then holding 
the bow horizontally in his left hand, under the strap, j 
and the bow-pin in his right, placing the bow-string near 
the right-hand edge of the material, gives it a pluck 
with the pin. The string immediately flies back nearer 
to the pole than its situation was when at rest, strikes 
into the wool, and, instantaneously returning to its ori- 


ginal position, scatters a part before it to a distance 
proportioned to the force with which it was pulled. 
By repeated strokes the whole is thus worked, ob- 
serving, after each stroke to raise the string, by giving 
the bow a turn with the left hand. This breaking over, 
as it is termed, is repeated several times, more or less, 
in proportion to the difficulty with which the hairs are 
disunited : when all the fibres are completely separated, 
the material is again placed towards the left-hand side 
of the hurdle, and the workman proceeds, with more 
order than before, to scatter the wool to the right-hand, 
so as to form a thin regular layer ; which he effects by 
duly proportioning the force of his strokes, and the 
position of the bow. When about one-third part 
is thus bowed, it is formed by the hands into an 
oval figure, ending in acute angles at the extremities. 
This portion of the material, thus formed, is called a 
batt. 

The batt is hardened by a slight pressure with the 
hands for a short time, so as to connect it together suf- 
ficiently to bear careful handling. Another batt is then 
formed of the same dimensions ; and with the remain- 
ing third part, two smaller batts are formed, which are 
separately united to the primary ones by a little pressure. 
This gives each of them a more uniform consistence 
than would be obtained by forming single batts only. 
It was formerly common to form six batts for each hat, 
but few are now willing to devote sufficient for the 
purpose. It is necessary to remark, that the batts are 
bowed thicker in that part which is designed to form 
the band of the intended hat ; and to give them a finish, 
the edges are torn round even by the right-hand, while 
the pressure of the left prevents their being torn in too 
far. 

It now remains to connect the parts together in some 
convenient form, and to proceed in the operation of 
felting. For this purpose, a wet cloth is folded so as 
to form a triangle, and laid on one of the batts. Ihe 
extremities of the batts, with a small portion of the upper 
part is then folded over the cloth, and the edges meet- 
ing over each other form a conical cap. This cap is 
laid oil the second batt with the joining downwards, 
which being also folded up in the same manner, their 
places of junction will be diametrically opposite each 
other. This is laid on a second wet cloth, which is 
closely folded over the whole, so as to preserve the tri- 
angular figure ; it is then ready for basoning. The 
bason is a circular piece of iron, exactly the same as 
those commonly used in Wales for baking over the fire, 
called backstones. This is laid over a hole in a 
plank, uudemeath which is a small grating fitted to 
the plank for this purpose. The prepared cap is then 
laid on the warm iron, aud the process of felting carried 
on by folding, pressing, and sprinkling it continually 
with water. The comers being folded over a little, the 
base is first turned up towards the tip; and in this 
state it is worked a short time by pressing with the 
bands, moving them backwards and forwards, and 
shifting them about in various directions. Each side is 

then 
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then folded over towards the other alternately, the tip 
part towards the base ; and, in general, it may be folded 
in any or every direction, repeating the pressure and 
working of the wool, and sprinkling it successively after 
every fold. By this pressure and working the wool in 
various directions, the points of contact is multiplied ; 
and the agitation given to each hair causing a pro- 
gressive motion towards the root, and a coalition with 
each other, it soon acquires some degree of firmness 
and contracts in its dimensions. 

On taking off the cloth, and opening the hood or 
eap, it will be found that the edges, or original folds, 
will not have that even and uniform appearance with 
the rest of the surface, but small ridges will be formed 
by a small part of the sides felting together at the 
outward edges, which will be considerable if care has 
not been taken in the first place to fold the batt closely 
over the in-layer. It is found necessary, therefore, to 
alter the positiou of the original edges, by turning 
round the cap, to extend them a little with the finger 
so as to produce a uniform surface, and with the hood 
in this position to continue the basoning as before. It 
is afterwards turned inside outwards, and the same ope- 
ration continued. The workman afterwards opens the 
hood, holds it up to the light and looks through it from 
the inside to discover any parts that may be unusually 
thin ; and, on any of these parts, which are deficient, 
a little wool is added from that which was torn off the 
ec^ges of the batt; and by working that particular part 
on the bason it is made to unite. When this is done, 
the process of basoning is completed, which generally 
takes from about twenty minutes to half an hour. 

The hood now consists of a soft spungy kind of stuff, 
and its texture is loose and imperfect. To produce a 
more intimate cohesion of the hairs with each other, 
and obtain the requisite degree of consistence, it must 
undergo a kind of fulling, and a ihore effectual me- 
chanical operation. For this purpose, the hats are first 
boiled in an iron boiler, in a mixture of about one 

S art urine to six parts soft water, from six to eight 
ours. To prevent their touching the boiler, they are 
enclosed in a cloth ; a basket, or, more generally, a 
lining of straw is placed round the sides, and at the 
bottom of the boiler. The felting is completed by 
working or planking at a water bath. For the conveni- 
ence of any particular number of workmen, an appa- 
ratus, called a battery, is generally made use of for this 
part of the process, consisting of a proportionate 
number of wooden planks, joined together in the form 
of the frustrum of a pyramid, supported by stone 
or brick work, and meeting at the bottom in a 
kettle, under which is a fire-place. The number 
of planks is most commonly from five to seven ; 
and according to the number made use of, it is 
called a five, six, or seven-room battery, &c. Each 
plank is from two to three feet broad at the upper edge, 
and about two feet deep. The kettle is generally of 
cast iron or lead, and kept full of soft water, as nearly 
boiling as the nature of the operation will admit. To 


facilitate the felting, it is found necessary to add some 
softening material to the bath : for this purpose, some 
spermaceti, a marrow-bone, or shreds of wash-leather, 
have been thrown in ; but oatmeal is at present almost 
universally used : about a table-spoonful is thrown into 
the kettle, and occasionally repeated as firesh water is 
added, or as it may be found necessary. The more 
greasy substances will answer for the purpose of plank- 
ing, but it prevents the hats from taking a good dye : 
leather-shreds answer very well, but are not always so 
easy of access as oatmeal. 

The operation commences by dipping the article in 
the bath, and gently rolling it in various directions, ob- 
serving a degree of regularity, as in basoning, or its 
receiving more work in some parts than others, will 
soon give it an irregular and shapeless appearance. It 
is necessary to be careful at first to turn the hood inside 
outwards, and to shift the position of its sides fre- 
quently to prevent their felting together, of which, in 
tne subsequent stages of the process there will be no 
danger. By working a short time in this way, the arti- 
cle will be found to have acquired a considerably firmer 
texture, and to have contracted very rapidly in its di- 
mensions. The workman then applies leathern gloves, 
or flat pieces of stoat leather, to the palms of his 
hands, to secure them in some degree from the beat of 
the water, and continues to dip it much oftener, and to 
roll it much harder than before, as it requires more 
labour in this degree of felting, to obtain the requisite 
firmness and consistence. In the first gentle rolling, an 
impulse, nearly equal, was gften to the hairs in eveiy 
direction, and hence it so readily contracted in its di- 
mensions at the same time that it acquired a degree of 
firmness in substance. In rolling it harder, the pressure 
is more particularly on the flat surface of the felt, and 
this acquires a more compact texture, without an equal 
contraction in the size. It is however necessaiy to pre- 
vent any contraction in size when it is sufficiently shrunk, 
and yet worked to any degree of consistency. For this 
purpose, a small roller of wood, called a walking-pin, 
is made use of: over this the edges of the felt are 
turned, and the whole is rolled in various directions 
with the walking-pin enclosed by the surrounding felt ; 
at the same time, continuing to dip it often in the 
bath. This completes the working at plank ; and on 
the labour thus given its service in wearing will princi- 
pally depend. 

The intended hat, after the preceding operation, still 
possesses the conical figure first given it, consisting of a 
soft flexible felt, capable, with a moderate degree of 
force of being extended in every direction. Tfie next 
thiug to be done is to give it the required form. For 
this purpose, the edge of the hood is turned up about 
one and a half or two inches : the point is then indented 
with the fingers, ancj, the hood turned over, so as to 
produce a second inner fold about the same depth. 
From three to five folds are thus formed, and the whole 
has the appearance af a flat piece, consisting of a num- 
ber of concentric circles, or wave-like undulations. 

This 
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This is laid upon theplank, and the workman, keeping 
it wet with clean warm water, extends the central 
? point with the fingers of his right hand, at the same 
time pressing it down with his left, and turning it 
.found on the plank, till a flat portion is formed equal 
to the intended crown of the bat. The flat part is taen 
placed in a block, and the remainder pulled down with 
.the hands round its sides and a string tied fight round ; 
it is forced down to the bottom of the block with a 
wooden or copper stamper, which forms the hand. 
The brim will now have a curling inclination towards 
the crown, but is soon flattened fby wetting and ex- 
tending the edges. The water is afterwards pressed out 
of . the bat with the blunt edge of the .stamper, and the 
nap is raised by carding it in any direction with a small 
wired instrument called a raising card. The hat is then 
taken off the block and placed in a stove to dry, when it 
is ready for the subsequent operations of dyeing, stif- 
fening, and finishing. These instructions for blocking 
refer particularly to the common round hat now gene- 
rally worn ; but from the nature of the felt it will 
be seen that any form may easily be .given it by the 
skill of the workman, with a corresponding block. 

This account we have given comprises the general 
principles of hat-making, and is the foundation of every 
variety in the art. These common wool hats, or plain 
cordies are qf .one uniform contexture throughout ; but 
ingenuity has contrived a method of making the most 
of the materials employed, by . placing the best side out- 
wards. This is done by laying on the body of the hat 
when partly felted a finer and more valuable material, 
in the same direction it has when on the back of the 
animal. For the purpose of covering wool hats, the 
articles made use of are cod-wool and camel’s hair : the 
former of which, after washing and carding, is boiled 
about an hour and a half in one part urine to about 
twelve or fourteen parts of water. The hats covered 
in this manner are bowed, basoned, and boiled in the 
usual manner, the common materials being used only 
in less quantity, preportioned to the addition intended 
to be made. A thin layer of the prepared cod-wool, 
with or without the addition of hair, is then bowed for 
each side of the triangular hood, so as just tp meet at 
the edges ; and another piece to go all round on the 
inside to the depth of the intended brim. The pieces 
are laid on the principal stuff or body of the hat, and 
worked on by basoning in the manner already de- 
scribed: the hairs assuming a motion towards the root, 
uniformly fix themselves in that direction, leaving the 
extremities outward which constitute the required nap. 
After this addition of the nap, the planking takes place 
as before. 

For obtaining a variety of cordies of different value, 
they are partially as well as wholly covered with dif- 
ferent proportions of nanping, and on bodies of wool 
more or less valuable. Next to the plain bats succeed 
the tips : these have only a nap sufficient to cover the 
crown and reach a short Way down the sides. To save 
die trouble of basoning the nap on these kind of hats, 


it is only laid on with the , hands, the hood turned so 
that the nap may be inside, and a layer of some proper 
flexible substance, commonly long horse-hair, placed 
between the sides to prevent its uniting : in this manner 
it is taken immediately to the plank. The second class 
is tips and naps ; these, as well as a cod-wool tip, have 
a nap of the same on die underside of the brim. And, 
lastly, succeeds the covers. A good cover takes about 
two ounces of cod-wool, and a hair cover about half an 
ounce of hair in addition to the cod-wool; these are 
commonly bowed tQgether ; and the former is scarcely 
ever used for a nap without the addition of the latter. 

Stuff hats appear to have been originally made 
throughout of beaver ; the instructions given in the old 
accounts of hat-making is, to mix three parts of old coat 
with two parts of castor ; but hats made in this way 
would be much higher in price than any now in general 
use. The beaver at present is scarce ever used except in 
the outward nap, and the body of the bat is conqposed of 
various inferior stuffs in any proportion; commonly 
with the addition of a little Spanish or of vicuna wool, 
and sometimes a small quantity of silk is added. A 
patent was granted Mr. James Bum, of Alnwick, 
Northumberland, for making superfine bats, which, 
contrary to general modem practice, appear to have 
been of one uniform consistence. The composition 
consists of three outices and a half of moles’ t\n^ two 
ounces and a half of beaver, and a quarter of an ounce 
of Aleppo wool ; “ and in order to subdue the obsti- 
nate nature of the mole fur,” says Mr. Bnro, “ so 
that it may incorporate with other furs usually made 
’into hats, I use a little aqua regia ; but as that process 
destroys the elastic quality of the fur, I correct it by a 
little sweet or Florence oil, which sheathes the puqgent 
points of the aqua regia.” 

M. Monge says, “ that the hairB of the beaver, the 
rabbit, the bare, &c., being naturally straight, cannot 
alone be employed in felting till they have undergone a 
preliminary operation, which consists in rubbiig or 
combining them before they are taken off the skin, 
with a brush dipped in a solution of mercury in aqua- 
fortis (nitrous acid). This liquor, acting only on one side 
of the substance of the hairs, clianges^tbeir direction 
from a right line, and gives them that disposition to 
felting which wool naturally possesses.” However 
plausible this may appear in theory, experience teaches 
it is unnecessary in practice, as no difficulty is found in 
felting stuffs without any mixture of wool ; and though 
the solution might have been made use of in France, 
we caunot learn that it has been employed in any ma- 
nufactory in England. 

Stuffs possess, in general, a greater tendency to felt- 
ing than wool, and in consequence some small 'dif- 
ference is observed in the manufacture. As the fibres 
are more easily separable, a slighter bow with a finer 
bow-string is used than that made use of in wool. 
When the stuffs are bowed in the usual way, the liatts 
are formed and gently pressed down with a piece of 
osier work, called a gathering basket, consisting of 

open 
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open straight bars only interwove sufficiently to connect 
it together, and preserve it in form ; it is from eighteen 
to twenty inches square. This is constantly kept on die 
hurdle, for the purpose of shifting the stuff as well as 
for forming the batts. Sometimes one or two of these 
baskets are placed under the stuff to separate any im- 
purities that may pass through. To obtain this end 
more effectually, in the metropolis and several places 
in the North of England, a fine moveable wire frame 
is placed on the hurdle on which the stuff is broken 
over, which is again removed, and the impurities swept 
off the hurdle for forming the batts. 

These have their first degree of compactness given 
.them by laying on a hardening skin of smooth leather, 
or sailcloth ; and gently pressing with the hands which 
are at the same time slightly moved backwards and for- 
wards to cause the entangling of the fibres. The cap 
is formed in the same manner as wool hats, only the 
i»-layer for stuff is a piece of wetted paper instead of 
cloth. When folded up in a wet cloth it is worked on 
the hurdle in the same manner that other hats are on 
the basoq, but without any heat except what is im- 
parted by the hands or any subsequent sprinkling. After 
being thus basoned without any boiling, they are im- 
mediately taken to the battery to undergo the operation 
of planking* In consequence of the superior smooth- 
ness of furs over wool, any softening material in the 
kettle is unnecessary: but it is indispensable that some 
substitute be made use of which will have an effect 
equivalent to boiling in the former case. For this pur- 
pose, wine lees was formerly iu general use, but this 
has given place to sulphuric acid, which from the small- 
ness of the quantity made use of is cheaper, and 
more easily obtained. About a wine-glassful of the 
acid is added to the kettle of water; in pouring in 
which great care is necessary to prevent its sprinkling 
over the operator : it is afterwards added in small quan- 
tities as it is found necessary. Into this bath the hat is 
first dipped, and then suffered to lie on the plank till 
cold again. This is called soaking, which is unne- 
cessary in hats that are previously boiled. 

In America, we, understand, it is the practice to boil 
stuff hats as well as cordies. It appears that the acid 
in carrotting, boiling, and working at the plank must 
act as a chemical agent on the substance of the hairs, 
but in what way it does not appear that experiments 
have been made with a view to ascertain: practical 
hatters seldom give themselves the trouble to think on 
the subject. ,M. Chaussier conjectures that it may 
produce, either by softening or swelling the hairs, a 
certain alteration which is necessary to bring about the 
cohesion of the different fibres. It is said, “ that acid 
of any kind, by taking out the greasy substances on each 
pile of hair allows the roughness on the surface of each 
to operate with their full effect, and thus facilitates the 
mechanical action of felting.” The action of felting 
being promoted, however, by greasy substances, renders 
this last solution a little doubtful. Perhaps some kind 
cff mucilaginous substance may be on the surface of the 


hairs, as conjectured by Mr. Nicholson, which is dis, 
engaged by the action of the acid. 

In the course of planking, imperfections are disco- 
vered; knots and other hard substances which occa- 
sionally remain in the stuff when imperfectly bowed, 
are picked out with a bodkin, and the stuff which was 
torn off the edges of the batts is added to such parts as 
are found deficient. This is laid on the imperfect parts, 
sprinkled over with a brush called a stopping-brush, and 
patted down with it while wet : by this means it incor- 
porates with the rest. In the same manner the nap is 
laid on, which is generally added towards the conclu- 
sion ; and it is gently rolled in a horse-hair cloth till 
the nap is slightly attached. The nap will be longer or 
shorter, as it receives more or less work after it is 
added, which causes it to enter a proportionable depth 
into the body of the bat. 

Plated hats are an article of more modem date : they 
are said to have been invented in the north of England 
sometime within the last fifty years ; and Lancashire and 
Cheshire is at present the principal seat of their manu- 
facture. These are a middle class between cordies and 
stuffs, designed as a substitute for the latter at a more 
reasonable expense: to effect this purpose the different 
kinds of stuff are plated on wool bodies. But in con- 
sequence of the looser texture and thicker substance of 
this kind of felt, a nap of much finer materials could 
not be laid on in the usual manner so as to appear to 
advantage : it is found requisite therefore to have re- 
course to another expedient. The wool body, after it 
is boiled in about one part urine to three parts water, 
and has been worked sufficiently to complete the felting, 
is laid over a hair-cloth on the plank : the nap is then 
laid on the surface, sprinkled with a brush, and patted 
down. A layer of old stuff, or stuff which has its pro-* 
perties of felting destroyed, and carded cotton, or 
either of these separately, is bowed and laid on in the 
same manuqr, commonly mixed with a small portion 
of napping ; and sometimes another layer is added. It 
is then slightly rolled a short time in the hair-cloth ; but 
as the nap, by the process of rolling, would soon be 
lost by penetrating too deeply into the felt, it is disconti- 
nued, and the nap is fixed on by the operation of 
shaking and patting with the stopping-brush. The 
workman dips the article in the bath, and holding it by 
one of its edges between the forefinger and thumb of 
each hand, strikes it down on the hair-cloth, at the 
same time depressing his hands in such a manner that 
the most distant edge may have an inclination given it 
to turn upwards, and thus after striking upon the cloth 
it is immediately raised off. This shaking is continued 
by repeated strokes in quick succession, frequently 
changing its position, and continuing the dipping, and 
patting it frequently with the brush. By this process 
the hairs are just fixed in by the roots, without sinking 
too deeply, and a long flowing nap is obtained. The 
cotton and old stuff during the operation, sticking on 
the body of the hat by means of the hot liquor, preserve 
the nap from filing off; at the same time, by enabling 
3 L it 
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it to hold a greater body of (he fluid, the work 4s faci- 
litated, and the nap is also preserved from die conti- 
nued action of the brush. 

When the nap is completely fastened, which will be 
in about half an hour, the cotton and old stuff is 
loosened by striking with a flat stick, and continuing the 
shaking* In a short time it will appear in a loose 
flake over the surface, which is taken off with die fin- 
gers whilst the nap remains fixed by the roots in the 
substance of the felt : the cotton and old stuff is dried 
and preserved for future use. In plating, as the bodies 
are first boiled, and as the nap laid on is of a soft, 
smooth nature, nothing is made use of in the ketde but 
clean water. Best stuff, hares’ wool, neuter wool, 
seal wool, or a mixture of any of the stuffs, are made 
use of according to the intended quality. Neuter wool 
has a short, neat appearance as a nap ; seal wool^naps 
are much esteemed, and wear remarkably well: for 
the best plates, some beaver is added to the other stuffs 
made use of! 

It has lately become a practice to unite the common 
method of napping with that of plating in stuff hats, 

* which have the name of shake^ojffi given them. After a 
slight nap is first rolled on, a second, and principal nap, 
is shaken on in the same manner as in plated hats. A 
shorter fur may in this manner be applied to advantage, 
or one of. the usual length will produce a more showy 
nap. 

Hats have been worn of various colours, but those 
most in use at present are black, drab, and white. The 
white hats, which are only intended for ladies aud 
children, have a nap of rabbits’ fur, selected from the 
white skins. Drab hats are also made of staffs of the 
natural colour, assorted for that purpose. In dyeing 
black, the articles now in general use are logwood, of 
which Cam peachy was the best, copperas, and vent- 
grease. French verdigrease is far superior to the Eng- 
lish. For dyeing common cordy bats, the general pro- 
portions for twelve dozen are about twenty-four pounds 
of logwood, seven of copperas, and a Quarter of a 
pound of verdigrease. The logwood is chipped, and 
Wt in the boiler to soak the preceding night ; part of 
the copperas and verdigrease is then added ami boiled 
with the logwood. The hats are each fastened on a 
block with a string tied round the band and boiled in 
the liquor, sometimes turning those nearest the surface, 
and placing a weight upon them to keep them under 
the liquor. 

After boiling about an hour they are taken out and 
exposed to the air, while a fresh quantity is boiled in 
the kettle the same time as before. This boiling and 
airing is repeated several times according to the strength 
of the dye, the perfection required, or the nature of 
the materials to be dyed, as experience has shewn that 
the action of the atmospheric air, or the oxygen it con- 
tains, very much contributes to improve the dye; the 
remainder of the copperas and verdigrease is added in a 
decreased proportion (beach suit. Common hats that 


are easily dyed have now generally two wits only ; bat 
hats from three to four. 

On accoQDtof the high price of verdigrease, sulphate 
of copper or blue vitriol is frequently made use of in 
dyeing common hats in a larger proportion, or a mix- 
ture of about equal parts of each. But those dyed with 
verdigrease only have the brightest appearance after 
finishing. After dyeing, the hats are well washed in 
clean water. 

The following is the method of dyeing practised in 
France: one hundred pounds of logwood, twelve 
pounds of gum, and six pounds of galls are boiled in a 
proper quantity of water for some hours ; after which 
about six pounds of verdigrease and ten pounds of green 
vitriol are added, aud the liquor kept just simmering, 
at a heat a little below boiling. Ten or twelve dozen 
hats are immediately put in, each on its block, and 
kept down by cross bars for about an hour and a half; 
they are then taken out and aired, and the same number 
of others putin their room. The two sets of hats are 
thus dipped and aired alternately eight times each, the 
liquor being refreshed each time with more of the 
ingredients, but in less quantity than at first. This 
account of dyeing must of course refer only to the bet- 
ter sort of hats. 

We are not aware that gum has ever been used in 
this country ; galls, on account of their price, are seldom 
used m England at present. A cheap substitute maybe 
found in oak-bark, which we believe is not generally 
known among die hatters ; and we should apprehend it 
might be employed to considerable advantage. It re- 
quires no other preparation than to be cut or coarsely 
broken, and it is said So furnish a dye much fuller, more 
beautiful and more durable. 

The following is extracted from the report of die 
Lyceum of Aits : “ Experiments were made by older 
of the College of Pharmacy at the Manufactoiy of 
Beaugolin and Morel. Two boilers of about AM 
hats each were made ready; one for the gall-outs, and 
the other for the bark. Twelve hats in each were 
marked : they were of the same stuff and the same size, 
had been prepared with all the precautions which each 
of the two methods required; and the whole process 
was carefully observed by a commissioner who attended 
for the purpose. After all these hats had been properly 
dried, cleaned, and brushed, they were placed indiscri- 
minately on a table. Several of the most expert dyen 
in Paris were invited to select from the twenty-four hats 
the twelve which should appear to them to be best 
dyed. These dyers arrived separately at two different 
times, so that there were two selections ; and in both 
cases, one hat excepted, these dyers pointed out as the 
best dyed those hats which had been treated with the 
oak bark.” 

In January 1782, Mr. Golding, of London, ob- 
tained a patent for dyeing hats green on the underside, a 
specification of which is published in the fifth volume 
of the Repertory. The principal difficulty in this 

process, 


Digitized by t^ooQle 



HAT-MAKING. 


407 


S rocess* u to preserve lh< upper pert of die brim, and 
le crown of the hat from the action of the dye. His 
method consisted iu spreading over the upper surface, 
with a painter’s brush, a thin paste made of flour or 
clay, and enclosing it in a funnel either of metal or 
wood to prevent the dye from penetrating. The hats 
are first boiled in alum and argil ; and afterwards, 
Mr. Golding says, “ in a dye prepared of fustic, tur- 
meric, ebony, weld, sufflower, saffron, indigo, and 
vitriol, with chamber-lye, or pearl-ash, at the option 
of the dyer; sometimes all used together, sometimes 
otherwise, accordiug to the intention of the dyer, and 
to the colour requit ed.” If any portion of the dye has 
penetrated the hat, so as to occasion spots on the other 
side, they may be removed by washing with a strong 
warm alkaline liquor ; but as yellow spots w ill after- 
wards remain, they are removed by means of a small 
quantity of either of the mineral acids. The green 
under-side bats are now generally stained without boil- 
ing, with a strong dye, which has for its basis a solu- 
tion of indigo in the sulphuric acid. Sometimes the 
brim of the hat is composed of two separate pieces of 
felt, the under piece of which is first dyed green, and 
afterwards glued to the upper part. 

It is necessary to observe, that soft water should 
always be made use of in dyeing ; and as it is not readily 
obtained in some situations, the following method of 
communicating its properties to common hard water, 
may not be unacceptable* Twenty-four bushels of bran 
is put into a vessel capable of containing ten hogsheads. 
A large boiler is filled with water, and when just ready 
to boil is poured iota the vessel. Soon after the acid 
fermentation begins, and in about twenty-four hours, the 
water is ready for use. 

After the hats are dried, the neat operation they un- 
dergo is that of stiffening. For the common purposes 
of stiffening, glue and vinegar dregs, beer grounds, or 
dregs from the distilleries, are the articles made use of. 
The hat, for this purpose, is put into the crown of an- 
other large one, called a stiffening-bat, which is only 
felted and blocked, and has its crown slit open to admit 
the bat to be stiffened, of any depth the more readily. 
These are placed in the hole of a plank, on which the 
brims are supported. The dregs a re then first applied 
warm, with a brush similar to a large- painting-brush, 
on the inside of the crown only ; this is done by bold- 
ing the brush in the right-hand, while the left-hand, 
bolding the brim of the snffeniog-hat, continually turns 
it round, that the enclosed may be uniformly covered 
with the dregs. . The dregs are made use of as they are 
the cheapest mucilage, and give a degree of firmness 
jo the hat, at the same time, preventing the glue from 
penetrating through to the surface. After this is dry, 
the glue is applied to the crown in the same manner, 
which is made in the proportion of about one pound of 
glue to three pints of water. After it is laid on with 
the brush, it is well rubbed round with the hand ; for 
which purpose it is found expedient to employ a second 
peisou in the business, who receives the bat of the first 


person as fast as the glue is had on with the brush. It 
was remarked that, m the first formation of the hat, 
die part designed for the band was laid thicker than any 
other ; as this part has the most wear — as the wet is 
most likely to penetrate here — and as the general firm- 
ness of the hat depends, on the strength of the band, it 
is likewise necessary to attend particularly to this part in 
the stiffening. 

In stiffening a quantity of hat9, the crortns only are 
thus attended to in the first place. In common hats, 
the grounds are frequently mixed with the glue, and laid 
on at the same time. The brims are next stiffened 
with a common soft brush, and glue only, which is ap- 
plied to the underside. This is well worked into the 
body of the felt with the hand, and the hats are placed 
in a stove to dry. When dry, the nap on the underside 
of the brim will be glued down to the felt ; this is re- 
moved from the surface by scouring it with a brush 
and a quantity of warm soap-suds ; which is pressed out 
of the nap by the blunt edge of a wooden or copper 
stamper. Ladies’ light hats, and some of the children’s 
fancies, are stiffened with the application of starch, or 
common flour paste only. 

In France, the composition of gum arabic, common 
gum of that' country, and Flanders’ glue, are employed 
for the purpose of stiffening. The brittleness of gum 
arabic has been found an inconvenience, and a substi- 
tute has been sought for in some simple preparation 
from their indigenous plants. M. Chaussier observes, 
that 11 mucilage is found m great quantity in many 
plants; it may easily be extracted by boiling; and a 
factitious* gum, which is both supple and tenacious, m^y 
be formed by evaporation. These considerations led 
me to recommend, for the purpose of stiffening, a so- 
lution of glue in a strong and mncilaginous decoction 
of linseed. This preparation has been long used in the 
manufactory (of the Cote d’or) ; and is both more eco- 
nomical, and more conducive to the beanty of die work. 
Since that t saw, M. Margeron having communicated 
to me some observations respecting the mucilage which 
may be extracted from the leaves of the horse-chesnut 
tree, and having ascertained how great a quantity of 
mucilaginous and glutinous matter these leaves furnish, 
especially when the foliation is in full vigour, a solu- 
tion of glue, in a strong decoction of them, has been 
used with great success.” Perhaps this mucilage from 
the leaves of the horse-chesnut might be worthy the at- 
tention of the English hat-maker. 

As glue is -subject to the action of moisture, hats, 
stiffened of that material alone, are not perfectly water- 
proofs Several expedients have been devised to obviate 
this inconvenience : one of the methods, perhaps, most 
generally known, is that of balling. A ball is formed 
by melting about three parts rosin, four parts l^ees-wax. 
and two parts mutton suet. This is frequently rubbed 
over the inside part of the hat while planking, particu- 
larly over that part which is to form the band. After 
balling, the bats are stiffened with glue in the usutf 
manner. 

In 
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In 1802, Messrs. Ovey and Jepsin, of London, 
obtained a patent for a method of water-proof 
stiffening. This was done by preparing a double hat ; 
the under one was made of coarse materials, stiffened, 
and covered with a cement made of oue pound and three- 
quarters of flour, three quarts of water, one ounce of alum, 
and two ounces of rosin ; the latter was finely pulverized, 
and added while the rest was boiling ; stirring it toge- 
ther until dissolved. The under part of the finer out- 
side casing was also covered with the same, and then 
placed over the other, and united together by pressing 
with a cool iron. Water-proof stiffening, particularly 
for best hats, has lately been much attended to, and 
various are the methods employed by different manufac- 
turers ; but nothiug appears to have so completely an- 
swered the purpose, and, at the same time to have 
been so advantageous in wearing, as that of stiffening 
’with a solution of caoutchouc, or gum-elastic. The 
exact method of the process is, at present, confined to 
a few hands, and industriously concealed from publicity. 

The dry hat, after stiffening, is very rigid, and of an 
irregular figure ; preparatory to finishing, therefore, it 

fresh blocked. For this purpose, it is necessary to 
soften the glue, which is done by the operation of 
steam. A hot iron is placed within a circular wooden 
frame, on which a wet cloth is thrown; the crown of 
the hat is then laid over the rising steam, whilst the 
brim rests on the frame ; and thus it is soon rendered 
sufficiently soft to receive the impression of a block of 
the intended size and shape. By the use of a hot iron, 
generally from twenty to twenty-five pounds in weight, 
a small card, brushes, &c., with the addition of 
water, the nap has the requisite direction given it, and 
receives its smoothness, and polish. Minute directions 
here, are 'unnecessary ; the judgment of the workman 
must be his principal director. It may not be useless 
to remark, that in watering the hats, which is done 
with a soft wetting-brush for that purpose, the giviug 
them plenty of water, and quickly passing a pretty hot 
irpn over them, gives the glue a firmness and smartness, 
in which it will be deficient by more cautious wetting, 
and more dilatoiy operations. If a little glue is acci- 
dentally drawn through the hat, by the heat of the iron, 
a wetted brush is laid on the iron a little to heat it suf- 
ficiently; and by the application of the warm, moist 
brush, and carding, it is soon extracted. Instead 
of water, oil was formerly used in finishing all descrip- 
tions of hats, and, for the coarsest sort of wool hats, 
thepractice has prevailed till very lately. 

The instrument generally made use of for cutting the 
brims of round hats, is merely a small worn-out card. 
At the outer edge a number of notches is cut for the 
purpose of inserting the point of a knife. The inner 
edge of the card, and the handle, is placed close to the 
crown of the hat, while on the block ; and by placing 
the point of a knife in the proper notch, and drawing 
it round with the card, still keeping it close to the 
crortm, the brim is evenly cut to any required dimen- 
stens. The hat is put in shape by curling the edges 


with the iron over a small rope for that purpose, 
stretching the hat out in an oval form by placing a 
screw or common stick across, and forming the brim 
with the hands while it is w'arm. The coarse hairs 
are picked out of the fine hats with a pair of steel 
prickers, and then given to be lined and bound ; after 
which, it receives the last finish, and is ready for the 
wearer. 

Some years ago, Mr. Hance, of Tooley-street, 
Southwark, obtained a patent for a method of rendering 
beaver and other hats water-proof, which is thus de- 
scribed: — He takes a thin shell made of wool, hair, 
and fine beaver, to form the crown of the hat, and an- 
other shell, or plate, of the same materials, for the 
brim. These parts are to be dyed black, and finished 
without glue or other stiffening, in order that they may 
not be injured by the rain, which, in other beaver 
hats, after being exposed io a heavy shower, draws out 
the glue and sticks down the nap, and makes it ap- 
pear old and greasy. The shell may be made in one 
piece only, in the shape of the hat, blocked deep 
enough to admit of the brim being cut from the crown : 
the under side of the shell and the inside of the crown, 
must then be made water-proof, by first laying on a 
coat of size or thin paste, strong enough to bear a coat 
of copal-vanish, and, when thoroughly dry, another 
coat of boiled linseed oil. When dry, the crown must 
be put on a block, and a willow or cotton body or 
shape, wove on purpose, put into the inside of the 
crown and cemented in it. When dry, it must be 
finished with a hot iron, and the crown is done. The 
brim must, in like manner, be cemented to a substance 
or body made with willow, or other fit material suffi- 
ciently thick to make the inside of the brim. The 
brim and body are now to be pressed together, after 
which, tb§, under side of the brim may be covered 
with aqpther shell of beaver or silk shag. The crown 
and brim are now to be sewed together : the edge of 
the brim must be oiled and varnished with copal-var- 
nish and boiled linseed-oil, to prevent any rain getting 
in. The cement used, for sticking the parts together, 
may be made with one pound of gum Senegal, one 
pound of starch, one pound of glue, and one ounce of 
bees-wax, to be boiled in a quart of water. Hats 
made in this way, require only to be wiped dry after 
they have been exposed to the heaviest rain. 

Hats are likewise made, for women’s wear, of chips, 
straw, or cane, by platting, and sewing the plats toge- 
ther, beginning with the centre of the crown, and 
working round till the whole is finished. Hats, for the 
same purpose, are also woven, and made of horse- 
hair, silk, and other substances. There are few manu- 
factures in the kingdom in which so little capital is re- 
quired, or the knowledge of the art so soon obtained, 
as in that of straw-platting. One guinea is quite suffi- 
cient for the purchase of. the machines and materials 
for employing a hundred persons for some months. 
The straw is cut at the joints, and the outer skin or co- 
vering being removed, it is sorted into bundles of equal 
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sizes, of eight or ten inches in length, and a foot in 
circumference. The straws, thus prepared, are to be 
dipped in water, and when the moisture is shaken out, 
the handles are set oh their edges, in a box, which is 
sufficiently close to prevent the evaporation of smoke. 
In the middle of the box is an earthen dish, containing 
brimstone, broken in small pieces or roughly pounded, 
which is set on fire, and the box covered over and kept in 
die open air a few hours. The next thing to be perform- 
ed, is, the splitting of the straws, and one person, 
with the help of a small machine, will split as many as 
fifty braiders can work up. The straws when split, 
are termed splints of which each worker has a certain 
quantity : on one end is wrapped a linen cloth, which is 
held under the arm, and die straws drawn out as 
wanted. Platters should acquire the habit of using 
their second fingers and thumbs, instead of the fore- 
fingers, which are often required to assist in turning the 
splints, and very much facilitate die platdng. Each 
platter should have a small linen work-bag, and a piece 
of paste-board to roll the plat round. After five yards 
have been worked up, it should be wound about a piece 
of board half a yard wide, fastened at the top with 
yarn, and kept there several days to form it into a proper 
shape. Four of these parcels, or a score, is the mea- 
surement by which the plat is sold. 

We shall now give the specification of Mr. Peter 
Botleau’s patent for a new and improved manufacture 
of straw into hats, bonnets, &c. winch is as follows : — 

Prepare the straw by separating it at each joint, and 
taking o&all the outside skin or covering. One end 
must be cut pointed, that b, in the form of a pen, that 
it may be inserted into the hollow of another, as it b 
worked. It must then be immersed in water, so that 
the water may pass through its tube, which takes off its 
britdeness, and makes it work uniform, take the shape 
of the bfocl^and preserve its natural shape. The straw, 
being thus prepared, take a mould of wood, or other 
material, exactly of the form or shape of the crown of 
the hat, bonnet, or other article you propose to make ; 


I and, at the top of it, from the centre, draw or describe 
a sin all circle ; from that circle, draw or describe per- 
pendicular, serpentine, diagonal, or other lines or 
curves, as fancy may dictate. As those lines or curves 
form the ribs or separations of the work when com- 
plete, at the top of each of these lines or curves, where 
they touch the circle, fix a small nail, or pin ; to 
which tie or fasten a double wire, covered or unco- 
vered, which wire must be twice the length of the line 
or curve, and tied or fastened to the nail or pin, just 
in the middle of the wire, that there may be two equal 
ends of wire to work. Begin working, by intro- 
ducing the pipe or quill straw betwixt the two wires ; 
which wire must be drawn tight, and even with the line 
or curve. Repeat the same at every line or curve 
round the block ; that b to say, let one wire go over, 
and the other under, the straw, at every line or curve. 
To the end of it join the straw, by introducing the 
sharp end of another straw into the former, just at the 
line or curve, and continue thus to the bottom of the 
block. To make the brim of the hat, or bonnet, or to 
perform any flat work, take a sheet of thick paste- 
board, and, after drawing the circle, for a hat or bon- 
net, formed by the bottom of the crown, and for other 
flat work at will, draw lines or curves according to 
fancy, as before ; and, instead of nails or pins, as de- 
scribed, to be fixed into the block, make two small 
holes at the top of the lines or curves on the circle, 
through which pass the wire, and tie it hi the same 
manner as to the nails or pins. When finished, the 
brim b to be sewed, or otherwise fixed, to the crown, 
or it may be continued to be worked on the paste-board to 
the crown, so that the hat or bonnet shall be all in ooe 
piece, without separation. Fix or place, in tfaeepace left 
by the circle at the top of the crown, a device of straw, 
or any other ornament, and likewise round the edge of 
the brim, when the work will be complete. • It may be 
observed, that, being worked with wire, a variety of 
form or shape may be obtained, without injury to the 
work. 


JAPANNING. 


Japahning b the art of vambbing and drawing 
figures on wood, in the same manner as b done by the 
natives of Japan, in the East Indies. The substances 
which admit of being japanned are almost every kind 
that are dry apd rigid, or not too flexible ; as wood, 
metals, leather, and paper prepared. 

The varnish said to be used in China and Japan is 


composed of turpentine and a curious sort of toil, which 
they boil up to a proper consistence. Persons who 
work in thb business are liable to swellings and ioflam* 
mations in the hands and face, but these are produced 
from the lack and not from the varnish. The lack b 
the sap or juice of a tree, which flows on cutting the 
lower part of the trunk of the tree, and b received in 
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vessels set on purpose under the incisions. His juice 
is of the colour and consistence of cream, when it runs 
from the tree, but as it comes in contact with the air, 
it becomes black. It is only used in this state ; the 
method of preparing it is to set it out in the open air, 
in large flat bowls, and that the whole may be of the 
same uniform colour, it is kept continually stirring for 
many hours, almost without intermission. By this me- 
thod it becomes of a fine deep black ; burnt wood is 
now mixed with it, and then spreading it thin over any 
board or substance which they mean to japan, they dry 
it in the sun, and it is soon harder than the board on 
which it is laid. When this is quite dry it is polished 
with a smooth stone and water, till it is as even as 
glass, and then, wiping it dry, they lay on the varnish, 
made of oil and turpentine. If the work is to be of 
any other colour than black, that colour is to be mixed 
with the varnish, and then the whole spread on evenly 
and thin, because on this depends the principal aft of 
varnishing. When there are to be figures in gold and 
silver, these must be traced out with a pencil in the 
varnish, over the rest of the work ; and when this var- 
nish is almost dry, the leaf-gold, or silver, is to be laid 
on, and polished afterwards with some smooth sub- 
stance. 

Wood and metals do not require any other prepara- 
tion, but to have their surface perfectly even and 
clean : but leather should be securely strained either on 
frames or on boards : as its bending or forming folds 
would otherwise crack and force off the coats of var- 
nish : and paper should be treated in die same manner, 
and have a previous strong coat of some kind of size ; 
but it is rarely made the subject of japanning till it is 
^converted into papier mach£, or wrought by other 
means into such form that its original state, particularly 
with respect to flexibility, is lost. 

One principal variation from the method formerly 
used in japanning is, the using or omitting any priming 
or undercoat on the work to be japanned. In the older 
practice, such priming was always used; and is at 
present retained in the French manner of japanning 
coaches and snuff-boxes of the papier mach& ; but, in 
the Birmingham manufacture here, it has been always 
rejected. The advantage of using such priming or un- 
der-coat is, that it makes a saving in the quantity of 
varnish used ; because the matter of which the priming 
is composed fills up the inequalities of the body to be 
varnished ; and makes it easy, by means of rubbing 
and water-polishing, to gain an even surface for the var- 
nish ; and this was, therefore, such a convenience in 
the case of wood, as the giving a hardness and firmness 
to the ground was also in the case of leather, that it 
became an established method ; and is, therefore, re- 
tained even in the instance of the papier mach& by the 
French, who applied the received method of japanning 
to that kind of work on its introduction. There is, ne- 
vertheless, this inconvenience always attending the use 
of an under-coat of size, that the japan coats of varnish 
and colour will be constantly liable to be cracked and 


peeled off by any violence, and will not endure' near s» 
long as the bodies japanned in the same manner, but 
without any such priming ; as may be easily observed in 
comparing the wear of the Paris and Birmingham 
snuff-boxes; which latter, when good of their kind, 
never peel or crack, or suffer any damage, unless by 
great violence, and such a continued rubbing as wastes 
away the substance of the varnish ; while the japan 
coats of the Parisians crack and fly off in flakes, when- 
ever auy knock or fall, particularly near the edges, ex- 
pose them to be injured. But the Birmingham manu- 
facturers, who originally practised the japanuing only 
on metals, to which the reason above given for the use 
of priming did not extend, and who took up this art of 
themselves as an invention, of course omitted at first 
the use of any such undercoat; and not finding it 
more necessary in the instance of papier mach£ than on 
metals, continue still to reject it. On which account^ 
the boxes of their manufacture are, with regard to the 
wear, greatly better than the French. 

The laying on the colours in gum-water, instead of 
varnish, is also another variation from the method of 
japanning formerly practised; but the much greater 
strength of the work, where they are laid on in varnish 
or oil, has occasioned this way to be exploded with the 
greatest reason in all regular manufactures: however, 
they who may practise japanuing on cabinets, or other 
such pieces as are not exposed to much wear and 
violence, for their amusement only, and, consequently, 
may not find it worth their while to encumber them- 
selves with the preparations necessary for the other me* 
tbods, may paint with water-colours on an under-coat 
laid on the woody or other substance, of which the 
piece to be japanned is formed ; and then finish with 
the proper coats of varnish, according to the methods 
below taught; and if the colours are tempered with 
die strongest isinglass, size, and honey, instead of 
gum-water, and laid on very flat and even, the work 
will not be much inferior in appearance to that done 
by die other method, and will last as long as the old 
japan. 

Priming . — The priming is of the same nature with 
that called clear-coating, by the house-painters ; and con- 
sists only in laying on and drying in the most even manner, 
a composition of size and whiting, or, sometimes, lime 
instead of th^ latter. The common size has been ge- 
nerally used for this purpose : but where the work is of 
a nicer kiud, it is better to employ the glovers’, or the 
parchment size ; and if a third of isinglass be added, it 
will be still better, and, if not laid on too thick, is much 
less liable to peel and crack. The work should be 
prepared by this priming, by being well smoothed with 
the fish-skin or glass-shaver, and, being made tho- 
roughly clean, should be brushed over once or twice 
with hot size, and diluted with two-thirds of water, if it be 
of the common strength. The priming should then be 
laid on with a brush as evenly as possible ; and should be 
formed of a size whose consistence is betwixt the comr 
mon kind and glue, mixed with as much whiting as will 
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give h s ufficient body of colour to hide the surface of 
whatever it is laid upon, but not more. 

If the surface be very clean on which the priming is 
used, two coats of it laid on in this manner will be suf- 
ficient; but if, on trial with a fine wet rag, it will not 
receive a proper water-polish on account of any inequa- 
lities not sufficiently filled up and covered, one or more 
coats must be given it ; and whether a greater or less 
number be used, the work should be smoothed, after 
the last coat but one is dry, by rubbing it with the 
Dutch rushes. When the last coat is dry, the water- 
polish should be given, by passing over every part of 
it with a fine rag gently moistened, till the whole 
appear perfectly plain and even. The priming will 
then be completed, and the work ready to receive the 
painting, or coloured varnish : the rest of the proceed- 
ing! being the same in this case as where uo priming is 
used. 

When wood or leather is to be japanned, and no 
priming is used, the best preparation is to lay two or 
three coats of coarse varnish, composed in the follow- 
ing manner : — Take of rectified spirits of wine one 
pint, and of coarse seed-lac and resin, each, two 
ounces. Dissolve the seed-lac and resin in the spirit ; 
and then strain off the varnish. This varnish, as well 
as all others formed of spirits of wine, must be laid on 
in a warm place ; and, if it can be conveniently ma- 
naged, the piece of work to be varnished should be 
made warm likewise ; and, for the same reason, all 
dampness should be avoided ; for either cold or moisture 
chills this kind of varnish, and prevents it taking proper 
bold of the substance on which it is laid. 

Japan-Grounds. — When the work is so prepared, or 
by * the priming with the composition of size and 
whiting above described, the proper japan-ground must 
be laid on, which is much the best formed of shell-lac 
varnish, and the colour desired, if white be not in 
question, which demands a peculiar treatment, or 
great brightness be not required, when also other means 
most be pursued. The colours used with the shell-lac 
varnish may be any pigments whatever, which give the 
lint of the ground desired ; and they may be mixed toge- 
ther to form browns or any compound colours. 

As metals never require to be under-coated with 
whiting, they may be treated in the same manner as 
wood or leather, when the under-coat is omitted, ex- 
cept in the instances referred to below. 

White Japan-Grounds . — The forming a ground per- 
fectly white, and of the first degree of hardness, re- 
mains hitherto a desideratum, or matter sought for, in 
the art of japanning, as there are no substances which 
form a very hard varnish but wbat have too much colour 
not to injure the whiteness, when laid on of a due thick- 
ness over the work. The nearest approach, however, 
to a perfect white varnish, already known, is made by 
the following composition: — Take flake-white, or 
white-lead, washed over and ground up with a sixth 
of its weight of starch, and then dried ; and temper 
it : properly for spreading with the maatich-varnish. 


Lay these on the body to be japanned, prepared 
either with or without die under-coat of whiting, in 
the manner as above ordered ; and then varnish it over 
with five or six coats of die following varnish; — 
Provide any quantity of the best seed-lac, and pick out 
of it all the clearest and whitest grains, reserving the 
more coloured and fouler parts for the coarse var- 
nishes, such as that used for priming or preparing 
wood or leather. Take of this picked seed-iac two 
ounces, and, of gum anirai, three ounces, and dissolve 
them, being previously reduced to a gross powder, in 
pbout a quart of spirit of wine, and strain off the clear 
varnish. 

The seed-lac will yet give a slight tinge to this com- 
position, but cannot be omitted where the varnish is 
wanted to be hard ; though, when a softer will answer 
the end, the proportion may be diminished, and a little 
crude turpentine added to the gum-animi to take off the 
brittleness. v 

A very good varnish, free entirely from all brittle-^ 
ness, may be formed by dissolving as much gum-animi 
as the oil will take, in old nut or poppy oil, which 
must be made to boil gently when the gum is put into 
it. The ground of white colour itself may be laid on 
in this varnish, and then a coat or two of it may be 
put over the ground; but it must be well diluted with 
oil of turpentine when it is used. This, though free 
from brittleness, is nevertheless liable to suffer by being 
indented or bruised by any slight strokes ; and it will 
not well bear any polish, but maybe brought to a very 
smooth surface without, if it be judiciously managed 
in the laying it on. It is likewise somewhat tedious in 
drying, and will require some time where several coats 
are laid on ; as the last ought not to contain much oil 
of turpentine. 

Blue Japan Grounds . — Grounds may be formed of 
bright Prussian blue, or verditer glazed over by Prus- 
sian blue, or of smalt. The colour may be best mixed 
with shell-lac varnish, and brought to a polishing state 
by five or six coats of varnish of seed-lac : but the var- 
nish, nevertheless, will somewhat injure the colour by 
giving to a true blue a cast of green, and fouling, ii^ 
some degree, a w arm blue by the yellow it contains ^ 
where, therefore, a bright blue is required, and a less 
degree of hardness can be dispensed with, the method 
before directed in the case of white grounds must be 
pursued. 

Por a scarlet japan ground, vermilion may be used : 
but the vermilion has a glaring effect that renders it 
much less beautiful than the crimson produced by 
glazing it over with carmine or fine lake ; or even with 
rose-pink, which has a very good effect used for this 
purpose. For a very bright crimson, nevertheless, in- 
stead of glazing with carmine the Indian lake should be 
used, dissolved in the spirit of which the varnish is 
compounded, which it readily admits of when good; 
and in this case, instead of glazing with the shell-lac 
varnish, the upper . or polishing coats need .only be used, 
as they will equally receive and convey the tinge of the 
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Indian lake, which may be actually dissolved by spirit 
ef wine ; and this will be foutad a touch cheaper me* 
thod than the using carmine. If, nevertheless, the 
highest degree of brightness be required, the white var- 
nishes must be used. 

For bright yellow grounds, the king’s yellow, or the 
turpeth mineral should be employed, either alone or 
mixed with fine Dutch pink ; and the effect may be 
still more heightened by dissolving powdered turmeric 
root in the spirit of wine, of which the upper or polish- 
ing coat is made ; which spirit of wine must be strained 
from off the dregs before the seed-lac be added to it to 
form the varnish. 

Green grounds may be produced by mixing the king’s 
yellow and bright Prussian blue, or rather the turpeth 
mineral and Prussian blue; and a cheap but less 
perfect kind by verdigris with a little of the above- 
mentioned yellows or Dutch pink. But where a very 
bright green is wanted, the crystals of verdigris, called 
distilled verdigris, should be employed ; and to heighten 
the effect, they should be laid on a ground of leaf- 
gold, which renders die colour extremely brilliant and 
pleasing. 

Orange-coloured japan grounds may be formed by 
mixing vermilion or red lead with king’s yeHow or 
Dutch pink, or the orange-lac, which will make a 
brighter orange ground than can be produced, by any 
mixture. 

Purple japan grounds may be produced by the 
mixture of lake and Prussian blue; another kind may 
be made by vermilion and Prussian blue. They may 
be treated as the rest with respect to the varaitb. 

Black grounds may be formed by either ivory-black 
or lamp-blade : but the former is preferable where k 
is perfeedy good. These may be always laid on with 
shellriac varnish, and have their upper or polishing 
coats of common seed-lac varnish, us the tinge or ful- 
ness of the varnish can be here no injury. 

For forming the common black japan grounds by 
means of heat on metal, toe piece of work to be 
japanned must be painted over with drying oil; and 
jWhen it is of moderate dryness, must be put into a 
stove of such a degree of heat as will change the" oil to 
black, without burning it so as to destroy or weaken its 
tenacity. The stove should not be too hot when the 
work is put into it, nor the heat increased too fast, 
either of which errors would make it blister; but toe 
slower the heat is augmented, and the longer it is con- 
tinued, provided it be restrained within the due degree, 
the harder will be the coat of japan. This kind of 
varnish requires no polish, having received when pro- 
perly managed, a sufficient one from the heat. 

The best kind of tortoise-shell ground produced by 
heat is not less valuable for its great hardness, and en- 
during to be made hotter than boiling water without 
damage, than for its beautiful appearance. It k to be 
made by means of a varnish prepared in toe following 
manner : take of good linseed-oil one gallon, and of 
umber half a pound ; boil them together till the oil 


become very brown and thick \ strain it then through 2 
coarse doth, and set it again to boil, in which stole k 
most be continued till it acquire a pitchy consistence, 
when it will be fit for use. 

Having prepared thus toe varnish, dean weU toe . 
metal plate which is to be japanned ; and then lay ver- 
milion tempered with sbelMac varnish, or with drying 
oil diluted with oil of turpentine, very thinly, on the 
places intended to imitate the more transparent ports of 
the tortoise-shell. When the vermilion is dry, brash 
ever the whole with the black varnish, tempered to a 
due consistence with oil of turpentine ; and when it is 
set and firm, put the work into a stove, where it may 
undergo a very strong beat, and be continued a cousin 
derable time ; if even three weeks or a month, it wUl 
be toe better. 

This was given amongst other receipts by Kunckei; 
but appears to have been neglected till it was revived with 
great success in toe Birmingham manufactures, where 
it was not only the ground, of snuff-boxm, dressing* 
boxes, and other such lesser pieces, but of those beau^ 
tifol tea-waiters which have been so justly esteemed and 
admired iu several parts of Europe where they hart 
been sent. This ground may be decorated with paint* 
ing and gilding in the same manner as any other var- 
nished surface, winch had best be done after the ground 
has been duly hardened by toe hot stove ; but it is wait 
to give n second annealing with a more gentle heat after 
it is. finished. 

Method of painting Japan Work.-^Jmpua work 
ought properly to be painted .with colours in vanish, 
though, in order for the greater dispatch, and in seme 
very nice works in aoNuJ, for toe freer use of toe 
pencil, the colours ore frequently tempered in oil; 
which should previously have a fourth part of its weight 
of gum nnhni dissolved in it ; or, in default of that, of 
the gums sandarac or mastic. When the oil is tout 
used it should be well diluted with spirit of turpeat»$ 
that the colours may be laid more evenly and tbs; by 
which means fewer of the polishing or upper coats of 
varnish become necessary . 

- In some instances water colours are hud on grounds 
of gold, in the manner of ether paintings ; and see best 
when so used in their prbper appearance, without any 
varnish over them; and they are also sometime* eft 
managed as to have toe effect of embossed work. The 
colours employed in this way for punting, are both pre* 
pared by means of isinglass rise corrected with honey or 
sugar-candy. The body of which toe embossed work h 
raised, need not, however, be tinged with the exterior 
colour, but may be best formed of very strong gum- 
water, thickened to a proper consistence, by bole- 
armenian and whiting in equal parts; which being laid 
on the proper figure and repaired when dry, may be 
then painted with toe proper colours tempered in4he 
isinglass size, or in toe general manner with sh e lla c 
varnish. 1 

Method of varnishing Japan Work . — The last and 
finishing part of japanning Jies in jfae laying on and 
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polishing the outer coats of varnish ; which are neces- 
sary, as well in the pieces that have only one simple 
ground of colour, as with those that are painted. This 
is in general best done with common seed-lac varnish, 
except in the instances and on those occasions where 
we have already shewn other methods to be more expe- 
dient: and the same reasons which decide as to the 
fitness or impropriety of the varnishes, with respect to 
tlte colours of the ground, hold equally with regard to 
those of the painting : for where brightness is the most 
material point, and a tinge of yellow will injure it, 
seed-lac must give way to the whiter gums ; but where 
baldness and a greater tenacity are most essential, it 
must be adhered to : and where both are so necessary, 
that it is proper one should give way to the other in a 
certain degree reciprocally, a mixed varnish must be 
adopted. N 

This mixed varnish, as we have already observed, 
should be made of the picked seed-lac. The common 
Seed-lac varnish, which is the most useful preparation 
Of the kind hitherto invented, may be thus made : 
take of seed-lac three ounces, and put it into water to 
free it from the sticks and filth that are frequently in- 
termixed with it; and which must be done by stirring 
it about, and then pouring off the water and adding 
fresh quantities in order to repeat the operation till it 
be freed from all impurities, as it very effectually may 
be by this means. Dry it then and powder it grossly 
and put it with a pint of rectified spirit of wine into a 
bottle, of which it will not fill above two-thirds. 
Shake the mixture well together, and place die bottle 
in a gentle heat till the seed appear to be dissolved, 
die shaking being in the mean time repeated as often as 
tnay be convenient ; and then pour off all that can be 
obtained dear by this method, and strain the remainder 
through a coarse doth. The varnish thus prepared 
most be kept for use in a bottle well stopt. 

When tbe spirit of wine is vety strong, it will dissolve 
a greater proportion of the seed-lac : but this will satu- 
rate the common, which is seldom of a strength suffi- 
cient for making varnishes in perfection. As the chill- 
ing, Which is the most inconvenient accident attending 
those of this kind, is prevented, or produced more fre- 
quently, according to the strength of the spirit; we 
shall therefore take this opportunity of showing a 
method by which weaker rectified spirits, may with great 
case at anytime be freed from the phlegm, andjen- 
dered of the first degree of strength. ' 

Take a pint of the common rectified spirit of wine, 
and put it into a bottle of which it will not fill above 
three parts. Add to it half an ounce of pearl-ashes, 
salt of tartar, or any other alkaline salt, heated red-hot 
and powdered as well as it can be without much loss 
of its heat : shake the mixture frequently for the space 
of half an hour, before which time a great part of the 
phlegm will be separated from tbe spirit, and will ap- 
pear together with the undissolved part of the salts in 
the bottom of the bottle. Let the spirit then be 


poured off or freed from the phlegm and salts by means 
of a tritorium or separating funnel ^ and let half an 
ounce of the pearl-ashes, heated and powdered as be- 
fore, be added to it, and the same treatment repeated. 
This may be done a third time if the quantity of phlegm 
separated by the addition of the pearl-ashes appear consi- 
derable. An ounce of alum, reduced to powder and 
made hot but not burnt, must theft be put into the 
spirit, and suffered to remain some hours, the bottle 
being frequently shaken: after which, the spirit, being 
poured oft from it, will be fit for use. 

The manner of using the seed-lac or white varnishes 
is the same, except with regard to the substance, used 
in polishing; which, where a pure white or great clear- 
ness of other colours is in question, should be itself white : 
whereas tbe browner sorts of polishing dust, as being 
cheaper and doing their business with greater dispatch, 
may be used in other cases. The pieces of work to be 
varnished should be placed near a fire, or in a room 
where there is a stove and made perfectly diy ; and then 
the varnish may be rubbed over them by tbe proper 
brushes made for that purpose, beginuing m the middle 
and passing the brush to one end ; and then with an- ' 
other stroke from the middle passing it to the other. 
But no part should be crossed or twice passed over in 
forming one coat, where it can possibly be avoided. 
When one coat is dry another must be laid over it; and 
this must be continued at least five or six times or more, 
if on trial there be not sufficient thickness of varnish to 
bear the polish without laying bare the paintu^jor the 
ground colour underneath. 

When a sufficient number of coats is thus laid on, 
tbe work is fit to be polished ; which must be done, in 
common cases, by rubbing it with a rag dipped in 
Tripoli or pumice-stone, commonly called rotten stone, 
finely powdered ; but towards the end of the rubbing a 
little oil of any kind should be used along with the 
powder ; and when the work appears sufficiently bright 
and glossy, it should be well rubbed with tbe oil alone 
to dead it from the powder, and give it a still brighter 
lustre. In the case of white grounds, instead of the 
Tripoli or pumice-stone, fine potty or whiting must 
be used, both which should be washed over to prevent 
the danger of damaging the work from any sand or 
other gritty matter that may lrappen to be commixed 
with them. 

It is a great improvement of all kinds of japui work 
to harden the varnish by means of beat, which in every 
degree that it can be applied short of what would burn 
or calcine the matter tends to give it a more firm and 
strong texture. Where metals form the body, there- 
fore, a very hot stove may be used, and the pieces of 
work may be continued in it a considerable time ; espe- 
cially if the heat be gradually increased; but where 
wood is in question, heat must be sparingly used, as it 
would otherwise warp or shrink the body so as to in- 
jure the general figure. 

5 N MASONRY. 
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Masonry, includes, in practical architecture, the 
hewing of stones into the various shapes required in the 
multiplied purposes of building, the assembling them 
together bj joints, level, perpendicular or otherwise, by 
the aid of cement, iron, lead; 8tc., the well doing 
qf which requires much practical dexterity, with some 
skill in geometry and mechanics. It will be ne- 
cessary to divide it into several ramifications, arising 
partly from local necessity, which has been in some 
measure its parent through all its vicissitudes, and 
whidi may be said to have followed the rise and fall of 
empires. 

. Masonry, in Egypt, Greece and Italy, consisted chiefly 
in performing works almost incredible in their extent 
and in the use of materials, eaually so if considered in de- 
tail. These countries seem to have been favoured in every 
way to be eternalized; they abounded in porphyries 
and marbles, which the people found the means of 
extracting in pieces better adapted to promote magnifi- 
cence in their works than contrivance in their arrange- 
ment. Modern masonry has consisted more in piling 
stone on stone to a vast height than in covering extent 
of plan, in which has been developed adequate skill if 
not magnificence. Considering it as an handicraft art, 
the institutions of Egypt tended most towards pro- 
moting its exquisiteness. Trades and even professions 
having been there hereditary, the way of life of each 
individual became predestined, his ambition conse- 
quently circumscribed, and his exertions hence limit- 
ed to the working only according to a scale given 
. him, and without any other consideration. In Greece, 
where a more liberal policy prevailed, we see the artist 
and the artisan united, the one in conceiving and the 
other in giving substance and effect to his conceptions ; 
here masonry preserved all the beauty of the rigid 
Egyptian school, improved and expanded so as to have 
given life and health as it were to Art itself. It is im- 
possible in the study of architecture (as it was in Greece 
during its perfection) not to admire the skill of her 
' artisans ; for although the mechanical contrivance must 
have been previously arranged by the architect ; yet to 
effect this, much must have remained to the care of the 
mason. 

It is abundantly proved that the ancient Egyptians 
were intimately acquainted with the process of harden- 
ing metal, without which little could have been done in 
working marble : the mason requiring few other tools 


except what are of hardened metal. The triangle, 
square, and plumb-line, 8tc v assist him in fixing what 
he has previously reduced by the mallet and chisel to its 
required dimension and shape. As to the raising pon- 
derous columns, architraves, and cornices to their ap- 
pointed destinations, of which there are numerous 
astonishing instances still in existence, this 4 must have 
depended more on machinery of great power, or in 
some instances, as is more probable, on the inclined 
plane than on the mason : for it was the practice of 
the ancients in works of great magnitude to pre- 
pare, and that often at the quarry, so much only of the 
column, architrave, Sic. as immediately referred to its 
joiniuga, leaving the detail or mouldings to be worked 
and formed after the blocks had reached their destinations, 
and to this circumstance perhaps are to be attributed no 
small part of their present sharpness and brilliancy. 
Many of the columns in the temples in Upper Egypt 
< are entirely of one piece of granite, and when of more 
they were so minutely joined (and without cement) as 
to defeat detection. In the Temple of Hermopolis, 
such are the colossal proportions, that the diameter of the 
columns is eight feet ten inches each, and they are placed 
at equal intermediate 'distances; so that the space 
between the two middle columns within which the 
gate is included is twelve feet, the portico is 120 
feet, and its height is sixty feet. The architrave is com- 
posed of five stones twenty-two feet long, and the 
frieze . of as many. The only remaining stone of the 
cornice is thirty-four feet; These particulars will 
convey an idea both of the power and skill which the 
Egyptians possessed to raise enormous masses, and the 
magnificence of .the materials which they employed; 
but in using such colossal materials it was almost im- 
practicable to employ cement in their joinings, die 
weight of die mass aloue being adequate to ensure their 
solidity. The Pyramids afford another instance of 
elaborate masonry ; and it may be here remarked that 
it is only governments sacerdotally despotical who 
could dare to undertake to build them, aud people stu- 
pidly fanatical who could contribute to their execu- 
tion : but, to speak of them as they are, Grobert esti- 
mates the base of that of Cheops to 720 feet and its 
height 448 feet;that ofChephrenes 655 feet and S90 in 
height ; aqd there is oue somewhat smaller. They are 
wholly composed of large blocks of granite so interr 
woven by the skill of the architect and mason as to have 
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defied the ravages of man and time. These blocks are 
united together by being crossed and bonded, the joints 
being constantly made over each solid, and the parts 
which secured the sarcophagus are dovetailed together. 
Walls of this nature were used by the Greeks, and 
called emplection : and Vitruvius says, “ The faces of 
stones in walls of this kind are smooth ; the rest is left 
as it grows in the quarry, being secured by alternate 
joints and mortar. The ancieuts made use of several 
sorts of walls, in all which they appear to have con- 
sidered it indispensable to employ more or less of 
masonry. They had their reticulated walls, and also 
the uncertain : of these two the reticulative kind is the 
most handsome ; but the joints are so ordered that in all 
parts the courses have an inferior* position ; whereas iu 
the uncertain the materials rest firmly one upon another, 
and are interwoven together, so that they are much 
stronger than the recticulated, though nof so handsome. 
In this kind of wall the courses w ere always level, blit the 
upright joints were.not ranged regularly or perpendicularly 
to each other in the alternate courses, nor in any other re- 
spect correspondency, but were disposed uncertainly, ac- 
cording to the accidental size of the stone or brick. Thus 
our bricks are commonly ranged in ordinary walls, iu 
which all that is regarded is that the upright joints in two 
adjoining courses do not coincide (See article Brick- 
laying for English and Flemish Bond). Both these 
sorts of walls are formed of very small pieces that they 
may be saturated with mortar, which adds greatly to 
their solidity. 

To saturate a wall with mortar is a practice which 
ought to be had recourse to in every case practicable 
in which brick or small stones are made use of. It 
consists in saturating fresh lime with water, and pour- 
ing it while hot among the masoniy in the body of the 
wall. 

The walls called by the Greeks Isodomum, is when 
all the courses were of an equal thickness, and Pseudo- 
sodomum or false when they were unequal. Both these 
walls are firm in proportion to the compactness of the 
mass and the solid nature of the stones, which when so, 
they do not absorb the moisture from the mortar, but it 
preserves its humidity to a great age ; and being situated 
in regular and level courses the mortar is prevented from 
falling ; and the whole thickness of the wall being united it 
endures almost perpetually. In the wall called emplec- 
tion the faces of the stones are smooth, the rest is left as 
it comes from the quarry, being secured with alternate 
joints and mortar. This kind of building admits of 
greater expedition, as the artificer can quickly raise a 
case or shell which serves for the two faces of the work, 
filling up the middle with rubble-work and mortar. 
IValb of this kind therefore consist of three coats, 
two being the faces and one the rubble core, which is 
in the middle ; but the great works of the. Greeks were 
not done in this manner ; they not only built the facing 
courses regularly but also the alternate joints through 
the vi hole thickness, not ramming the middle with 
rubble but4>uilding it the same as the face, and of one 


■ united coat constructed the wall : besides this, they often 
disposed single pieces, which they called diatonos,* in 
the thickness of the wall* extending from one surface to 
the other, which bound and exceedingly strengthened the 
wall. It is imperious on those, therefore, who are in- 
trusted with works requiring great strength as well as 
durability, to weigh and consider well the different wavs 
of uniting the several parts of the masonry of a wall, 
without which no work can be effected with credit. 

The Roman emplection had sometimes partial cores 
of rubble work or brick, many examples of which still 
exist, which is a sufficient proof of its strength and 
durability ; but the Greeks wrought their walls through- 
out in the same manner as the facings or fronts, as their 
temples now existing testify, which manner pf working 
no doubt they received from the Egyptians, both coun- 
tries having aimed to eternalize its monuments. 

At the revival of the arts in Europe in the fifteenth 
century, Italy abounded in ancient examples, on which 
the wealth of the world had been exhausted. The 
artist and the artisan, although perhaps with equal zeal 
to their predecessors, found the means inadequate to 
effect works of the description .from which they had 
formed their studies. Hence arose the miserable ex- 
pedients in modern masonry i to enumerate which is 
only to consecrate its poverty, and to emblazon its 
pigmy efforts, for such they are compared to the great 
works of Egypt, Greece, and Rome; in the former of 
which countries whole quarries were wrought into sump- 
tuous temples, approached through avenues of marble, 
leagues in extent, sculptured into sphinxes, obelisks, 8tc* 
so much so that a modem traveller, who has witnessed 
the ruins, remarked,, “ while examining the mass, the 
imagination becomes fatigued with the mere thought 
of describing it. In the temple of Kamac, the porn 
tico alone contains 100 columns, the smallest of 
which is seven feet and ' a half in diameter and the 
largest eleven feet. The space occupied by its circumya- 
lation contains lakes and mountains ; while avenues of 
sphinxes reach even to the very gates. In short, to 
form a competent idea of so much magnificence, it is 
necessary the reader should fancy what is before him to 
be a dream, for even the spectator cannot believe bis 
eyes.” 

Modern masonry is confined more to the working in 
freestone than in marble, in the former of which these 
islands abound, which offer many facilities arising 
from the nature of its quality in reducing it to all the 
required shapes in modem construction. At Bath and 
all the Western counties they saw it by a toothed saw 
into smaller scantling, which is again cut by the mason 
with* a hand-saw, and afterwards hewn by an axe, then 
dragged and smoothed in the same way, according to 
the required, situation or the quality or the proposed 
work for which the stone is intended. The workman's 


• All these several kinds of walls, made use of in building bv the 
ancient Greeks abd Homans, are tQ be seen by referring tQ NSW*- 
ton’s. Vitruvius, vol. I. 
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tools consist of a band-saw similar to what is made use | 
of by carpenters ; a drag, which is commonly nothing I 
more than a piece of an old saw. He has also his l 
chisels and gouges, gauges and moulds for his sunk and 
moulded work, which are all afterwards cleaned up by 
the drajj. In Gloucestershire, die masons often use planes 
for their mouldings, the stones there being more crisp 
and not intersected by shells, &c«, which prevent their 
general adoption with regardto many other freestones. 

Portland freestone is die common stone made use of 
by the masons in London, which is brought from the 
island of that name m blocks of almost all dimensions 
roughly hewn. Its hardness gives it many requisites to 
produce exquisite masonry. It is sawn into scantling 
by the friction of sharp siliceous earth and water by 
means of a framed plate saw of iron. It is afterwards 
worked by the mallet and chisel to the required form, and 
then rubbed to a smooth face with sand or grits by hand. 
Most of Our public buildings are composed of this 
stone ; and it has been the practice to make use of it 
in private ones for the kerbs, strings, fascias, columns, 
cornices and balustrades, when all the other parts were 
of other materials. Internally, for the floors of halls, 
vestibules, staircases, 8tc. Portland stone is decidedly the 
handsomest freestone known, and capable of bearing 
as fine an arras in moulding as marble, which is the 

S trobable reason of its preference, although many other 
reestones might be obtained at half the original cost j 
and without its great additional expense of freight and | 
duty. The two latter, however, nas risen so high of 
late that the Gloucestershire stone is now at the wharfs 1 
as its competitor, and is daily coming more into use, | 
and perhaps may in a few years in some measure super- 1 
sede it; it having been already employed in several , 
works of consequence, in which it has been found , 
to answer the purpose best; and as the masons get 
more used to it Portland stone will be discontinued, ex- 
cepting for the internal work, where it will always be 
preferred from its superior neatness. 

The granites of Cornwall and that called Dundee 
stone from North Britain are now employed for all 
works in which great solidity and wear are required. 
It has been sought for and used at the several Docks, 
also at the new Bridges. Its excessive hardness is as * 
much the terror of the London masons as the Glou- 
cestershire stone is for its softness; on account of 
which has arisen the necessity of bringing to London 
the workmen as well as the stone, there not having 
been found persons in London who would undertake 
to work it. The bringing round of the granites to Lon- 
don and other places arose in the first instance from the 
necessity of finding something more solid and durable 
for the locks and basons of canals. The freestone of 
the neighbourhood having been generally found inade- 
quate, these demands gave rise to the more multiplied 
working of the several quarries. Hence it is that now 
all these different qualities of stone are regularly to be 
found in the markets, and modem masons will hence- 
forth have the credit of effecting more lasting works 


than those from freestone, by a judicious blending and 
arrangement of all the several qualities of stones to the 
various purposes of strength and ornament, than they 
have hitherto had it in their power to do. A substan- 
tial foundation is of the first importance in masonry, 
without which no work can be considered as 
durable. However, in modem construction this vital 
part of a building is almost usually intrusted to die car- 
penter and bricklayer ; the former for the purpose of 
piling such ground as is found inferior, soft, and 
marshy, and to the latter to raise the needful walls in 
the substructure in which little or no masomy is em- 
ployed. Some architects latterly have abandoned 
planking, many dilapidations having been occasioned by 
its decay. 

Planking consists in bedding strong boards of oak* or 
fir the whole length and breadth of the proposed foun- 
dation; the former should never be less than three 
inches and the latter five inches in thickness. And it 
would be a wise precaution to scorch them all over 
previously to laying them down. When the magnitude 
of the superstructure requires that the solid earth should 
be pierced, piling is had recourse to ; it consists in 
forcing into the infirm ground piles of squared fir, oak, 
or any other wood, usually about nine or ten inches 
square, of sufficient tenacity to withstand the driving, 
the required length being previously ascertained by 
boring the ground. The ends of the piles are com- 
monly cased, or as it is called, shoed with pointed iron, 
and their upper ends or tops are cased with the same me- 
tal. The machine for forcing them consists of a frame of 
wood (the height of which must be regulated according 
to that of the pile and the power required id forcing it), 
framed and braced with broad and secure ledgers and 
feet: at the top is a cast-iron wheel usually about 
eighteen inches in diameter, the outer edge fluted to 
admit of a rope or chain to move in it, which rope or 
chain is attached to the axis of an iron cylindrical beater, 
which for ordinary purposes is from five to seven hun- 
dred lbs. in weight. This cylinder slides sotuedmes in 
grooves in the upright frame, and often on the face of 
the upright. There is also a ladder attached to the 
machine for the purpose of adjusting the chain in tbs 
wheel, and for oiling the machine : ten or even twenty 
or more men are employed, according to the nature of 
the soil through which the piles are to be driven, and 
they work the beater by raising it up and down in the 
frame, each taking the end of a rope for the purpose, 
which being all attached to the chain serve a 9 so many 
handles. The labour is considered so hard, that it is 
not unusual, where a great many piles are to be driven, to 
employ double sets of men to work the beater alter- 
nately. Mr. Labelyn drove the piles of sdme of the 
foundations of Westminster Bridge by a machine 
worked by a horse. The machinery^ was considered in- 
tricate, and not practical for general purposes, and con- 
sequently it has been discontinued. The piles are usu- 
ally driven as close together as they can be, and when 
finished their tops are sawn off and -the intervals filled 
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up, by foe Romans with coal, by us with chalk and 
nibble ; and their tops are planked in die same manner 
as is described before for foundations in which planking 
only has been employed. 

At the London docks die piles were all grooved on 
their opposite sides, and forced into the earth close to- 
gether, and when all were so driven in, a . tongue was 
forced down between each sufficiently strong to bind 
fhe whole together, and produce a continued chain of 
wooden piling connected from one end to the other of 
the foundation. Some architects have not deemed either 
planking or piling eligible for foundations in infirm or 
swampy ground, but have had recourse to a cradle, 
which consists of oak in quartering, and sometimes of 
fir, strongly framed and braced together in bays and in 
lengths of from five to ten feet, and of adequate width 
for the supersWuc ture : these frames were again covered 
over by cross pieces or joists, and the whole was bedded 
firmly on the ground, and filled up flush by chalk or 
rubble work, for receiving the foundation of the brick 
or stone wall, and this has been found to answer per- 
fectly well, and is safer than in trusting to planking 
only, because if the decay of the quarters of the cradle 
should take place, they being but partial, and the rubble 
stiU remaining united, a sinking of the building is 
avoided, which is of the greatest importance, and which 
is but too often the case in the practiee by planking only. 

In the foundations of bridges, the practice generally 
adopted by the ancients and modems has been to lay 
the piers dry, either by turning the water into a new 
course* temporarily, or by the erection of a coffer- 
dam. A coffer-dam consists of a double chain of piles 
driven into the ground at a sufficient distance from 
the intended pier, to admit the work being conve- 
niently proceeded in; when the piles are all firmly 
fixed m the earth, strong horizontal beams are framed 
and bolted U> them with braces to stiffen the interme- 
diate parts ; they are finally planked inside and out, 
which forms a complete case, and the void between 
each casing is filled by fat mould or strong earth; 
thus secured, very little water is found to percolate, and 
this is removed by pumping. They have also practised 
another method somewhat more ingenious. The em-: 
peror Claudius practised it at the port of Ostia ; Dra- 
gnet Keys at the Mosque in the sew of Constantinople; 
Teronet at Pont Nieully, near Paris; and Sir Samuel 
Bentham at some work* at Sbeerneas. It consisted of 
forming a strong grating of timber, covered with planks, 
which at once forms a floating raft, and the floor upon 
which the atone pier is to be erected; the pier is built 
upon the raft, and is composed of stones amply se- 
cured, and rendered by cement water-tight ; tbe wtfheb 
body is so arranged as to float upon the water until it hah 
advanced in height; so that, if it were sunk, it should 
' he above low-water-mark (if in a tidal river), or higher, 
as might be found expedient ; this levity is obtained 
either bytbe assistance of vessels to which the raft is 
attached by ropes, or sometimes by the pier being 
worked up with sufficient vacuities to render it specifi- 
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c&Dy lighter than an equal balk of water; the pier is 
then sunk, either by letting the water into the vacuities, 01 * 
by loosening the ropes (as the case may be), but k 
should be particularly observed previously to prepare 
the bed .of the river to receive the intended pier.— 
This is done by machines of the description of ballast- 
beavers, and care should also be taken that the bottom 
of the masonry ground be level ; should this not be tfae 
case, it must be raised either by pumping the water 
from ont of the vacuities, or (if built in former man- 
ner) by means of machinery in the vessels ; the opera- 
tion is performed, in either case, till it ground to the 
satisfaction of the architect. Mr. Labelyn, in the erec- 
tion of Westminster bridge, conceiving he had improved 
upon this latter method, erected the piers of it in 
caissons, or water-tight-boxes ; the bulk of the box 
producing a mass, though loaded with the pier, speci- 
fically lighter than an equal bulk of water ; after each 
pier bad been erected, the sides of the box served 
again for boxes of other piers; the pier was sank, and 
raised after the same manner as before described. Mr. 
Mylde, in erecting Blackfriars bridge, adopted the same 
method in regard to the caissons. 

The practice adopted in the middle ages, as, at the 
bridges t of Avignon, St Esprit, Lyons, ;London, York, 
Newcastle, Rochester, &c., until modem times, was 
to drive piles into the bottom of the river, in the site of 
the intended pier, and then to cut them off a little be- 
low low water; foe interstices were then filled with 
stone and strong cement : .upon the piles they laid a 
grating, of timber, boarded with thick boarding, which, 
so. prepared, formed the floor to receive the intended 
pier ; foe workmen taking advantage of the times of 
low water, till the pier had risen to the level of high- 
water-mark. This manner is of the purest simplicity, 
nor does it require the aid of any machine beyond a 
pile-driving engine. The foundations of the piers of 
London bridge, as appeared from that which was re- 
moved, when the two small arches were converted into 
one, was composed of a quadruple row of piles driven 
in close together on the exterior site of the pier, forming 
a case to receive the stone and cement; it was not ascer- 
tained whether there were piles in foe heart of the pier, 
for as soon as the exterior piles were taken out, the great 
force of the water cleared away the remainder, which 
were carried down the river. With a view to protect 
foe piers of this bridge there have been constructed round 
them what are called starlings. A starling consists of an 
enclosure of piles driven into the bed of the river close 
together, and secured by horizontal pieces of timber, 
bolted by iron to the tops of foe piles ; and the void 
within, to the piling of foe pier, is filled with chalk, 
gravel, stone, &c«, so as to form a complete defence 
to foe internal piling upon which the stone piers are 
erected. 

It has been very improperly stated, that starlings are 
necessary to defend the piers in rivers ' liable to tidal 
currents, when constructed after the maimer last de- 
scribed ; on the contrary, the use of a starling is not to 
5 O defend 
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Refold, pi^rs of any . particular construction, they have 
been used generally, when by the plan of the bridge too 
Uttle water-way has been left. 

v - The walls of modern buildings are sometimes built 
for. ornament, but more often in which both it and so- 
lidity are sought for. In London they are regulated by 
a. specific Act of Parliament, but the act having been 
framed more as a protection from fire than as a security 
against dilapidation, a prudent builder finds it eligible to 
trust to the law to avoid inconvenience, but to strengthen 
liis walls beyond the law to prevent their ruin. It is 
too much to ask for specifics in regard to the thickness 
of walls: they must be regulated, first, in reference to 
the nature of the materials to be employed; and, se- 
condly, to the magnitude of the fabric to be erected. 
Walls of stone may be made one-fifth thinner than 
. those of bricks; and brick walls, in the basement and 
ground stories of buildings of the first rate, should 
be reticulated with stone to prevent their splitting, 
g circumstance too much disregarded by our present 
builders. , - 

, A plinth ip masonry is the first stone inserted above 
the ground ; it is in one or more pieces, according to 
it* situation, projecting beyond the wall above it about 
an inch; its projecting edge sloped downwards, or 
moulded, to carry off the water that may fall on it. 

, Ashlering is a term used by masons to designate the 
plain stone-work of the front of a building, in which 
fdl that is regarded is getting the stone (which is com- 
monly no more than a casing to the wall) to a 
smooth face, called its plain-work. The courses 
should not he too high, and the joints should be crossed 
regularly, which will improve its appearance, and add 
to its solidity. 

. Fascia is a plain course of stone generally about 
one foot in height, projecting before the face of the 
ashlering aboat an inch, or in a line with the plinth of 
the building; it is fluted on its under edge (called by 
the workmen, throating), - as a check to prevent the 
water from running over the ashlering ; its upper edge 
is sloped downwards for the same purpose. It is 
commonly inserted above the windows of the ground 
stories, viz. between them and those of the principal 
story. 

Cills . — These belong to the apertures of die doors 
and windows, at the bottom of which they are fixed ; 
their thickness is various, most commonly about four 
inches and a half; they are also fluted on their un- 
der edges, and sunk on their upper sides, projecting 
somewhat beyond the ashlering, commonly about two 
inches. 

Imposts . — These are insertions of stone with their 
front-facings commonly moulded, and sometimes left 
plain, and when so left they are prepared in a similar 
,way to the fascias above described. They form the 
springing-stones to the arches iii the apertures of a 
building, and are of the greatest utility. 

Cornice . — This forms the crown to the ashlering at the 
summit of a building ; it is frequently the part which is 


marked particularly by the ‘ architect to designate the 
particular order of his work, and when so, it is 
moulded, to that character; hence there are cornices 
wrought after the three known orders in architecture,' 
viz. the Doric, Idnic, : and Corinthian, when per- 
haps no column of either is employed m the work, 
the comice alone designating the particular style of the 
edifice. In working the cornice the mason should pre- 
pare the top or upper side, bjr splaying it away towards 
its front edge, that it may more readily convey off the 
water which may fall on it. At the joints of each of 
the stones of the cornice, throughout the whole length 
of the building, that part of each stone which comes 
nearest at the joints should be left projecting upwards a 
small way, called, by workmen, saddling the joints; 
the intention of which is to keep the rain-water from 
entering them, and washing out the cement; such 
joints, however, should be chased or indented, and 
such chases should be run full of lead. When dowels 
of iron are employed they should be fixed by melted 
lead also. 

Blocking Course . — This is a course of stone tra- 
versing the top of the cornice, to which it is fixed, it 
is commonly in its height equal to the projection of the 
cornice. It is of great utility in giving support to the 
latter by its weight, and to which it adds grace. It 
at the same time admits of gutters being formed behind 
it to convey away the superfluous water from the co- 
vering of the building. The joints in it should always 
cross those of the cornice, and should be plugged with 
lead, or crammed on their upper edges with iron. The 
Romans sometimes dove-tailed the joints of such courses 
of stone. 

Parapets . — Theseare of great ornament to the upper 
part of an edifice. They wei*e used by the Greeks, 
and afterwards by the Romans, and are Composed of 
three parts, viz. the plinth, which is the blocking course 
to the cornice; also, the shaft, or die, which is the 
part immediately above the plinth. It has a comice; 
which is on its top, and projects in its InouMinge suffix 
ciently to carry off the rain-water from the shaft and 
plinth. In buildings of the Corinthian style die shaft 
of the parapet is perforated in the parts immediately 
over the apertures in the elevation, and balustrade enclo- 
sures are inserted in the perforations. The architects 
have devised the parapets with reference to the roof of 
the building Which it is intended to obscure. 

Pilasters.— In modern design theseare frequently very 
capriciously applied. They are vertical shafts of square- 
edged stone, having but a small projection, with capi- 
tals and bases like columns ; they are placed by us often 
on the face of the wall, and with a cornice over them 
In Greek architecture they are to be met with com- 
monly on the ends of the walls behind the columns, ia 
which application their face was made double the width of 
tbeir sides, their capitals differed materially from those 
of the columns which they accompanied, they, were 
somewhat larger at bottom than at top, but without atiy 
entasis 'or sweil. The best examples are to be found in 

Sleuart’s 


Digitized by ^ ooQie 



MASONRY. 


4l§ 


Steuart’s Ruins of Athens, viz. to the Propylea, tem- 
ple of Minerva Polias, &c. &c. 

Architraves adorn the apertures of a building, pro- 
jecting somewhat from the face of the ashlering ; they 
nave their facing sunk with mouldings, and also their 
outside edges. When they traverse the curve of an 
arch they are called archivolts. They give beauty to 
the exterior of a building, and the best examples of 
diem are to be found in the ancient Greek buildings, 
and in many also in Italy. 

Rusticating , in architecture and masonry, consists 
in forming horizontal sinkings or grooves in the stone 
ashlering of an elevation, intersected by vertical or cross 
ones, perhaps inveoted to break the plainness of the 
wall, and to denote more obviously the crossing or bond 
of the stones. It is often formed by splaying away the 
edges of the stone only ; in this style the groove forms 
the elbow of a geometrical square. Many architects 
omit the vertical grooves in rustics, so that their walls 
present an uniform series of horizontal sinkings. The 
French architects have been very fond of this method, 
as may be seeu in the buildings at Paris ; and the Bank 
of England is an instance of it in this countiy. There 
are abundance of ancient examples in each of the three 
manners. 

Columns . — These comprise, generally, a conoidal 
Abaft, with a small diminution upwards to their upper 
diameter, amounting generally to about one-sixth less 
than the lower diameter. They have sometimes a 
swell or entasis in A their whole height (see Rules for 
mating, article Architecture), but this practice was by 
no means general. The Greek ruins do not seem to 
countenance such a departure from nature, nevertheless 
it is found to have been commonly practised among the 
Roman buildings. The proportions of columns from 
the Egyptians to tbe Greeks have varied but little ; the 
columns of the former, in their large temples, as at 
Thebes, amount to about four and a half diameters only 
in their height. The columns of the Parthenon, at 
Athena, are little more than, five. In the beat Roman 
examples they were incraised to upwards of seven di- 
ameters- The columns of all the Grecian remains are 
fluted, and the fluting differs in each example. Tike 
Doric shafts have their flutes in very flat segments 
finished to au arris. To the other columns to the temples 
of Erectheus, Minerva Polias, 8tc. (both of the Iouic 
style), flutings of the semi-ellipsis shape with fillets were 

. .c. ia 

The application of columns has been that in which 
the architect has most endeavoured to display his ge- 
nius. The Greeks surrounded their public works w ith 
them ; their porticos carried this kind of splendour to 
its highest, as in them may be sought and found the 
whole syntax of architecture and masonry. To con- 
struct a temple in the Greek manner required a con- 
summate knowledge of architecture, combined with an 
exquisite taste united to great judgment. In the ¥ ar ' 
theuon, at Athens, is to be found the most elaborate 
display of masonry in the world. This temple to Mi- 


nerva is the best example of this important branch (see 
Plate I., Fig . 4). Hie columns are ail constructed of 
single blocks in diameter, and in courses of more than 
a diameter in height (BB, Fig. a). The wall enclosing 
the cell of the temple (Fig. 4), is formed of a single 
course of marble blocks, in thickness, shewing a face 
inside and outside, the vertical joints corresponding over 
each other, and in seventeen horizontal courses, reckon- 
ing from die bottom of the architrave to the top of the 
upper step, and rising to an height of thirty-three feet. 
The capitals to the columns consist each of one single 
block, two feet nine inches high, and the architrave lies 
upon them. The architraves are composed of three 
blocks in thickness from face to back, each in length 
extending from centre to centre of the columns, and 
above fourteen feet long each, and that over the central 
intercolupanktion is seventeen feet, and each block also 
the whole height of the architrave, and of an equal 
thickness. Tbe frieze is in two regular courses in 
height, and each course wants so much of being the 
whole thickness of the frieze as allows the metope to 
lie against it. The triglyph tails are (AA, Fig. 9) in 
one height, but does not go through it, and was so 
formed that the back of the block was considerably 
narrower where it went into the frieze than the breadth 
of the triglyph, so that each side of the triglyph pro- 
jected on to the face of tbe slab of the metope (BB, 
Fig. 9) several inches, thus forming a rebate which en- 
closed the metope ; . and wkich completely prevented 
their removal without taking off the cornice and pedi- 
ment, and gave strength and solidity to the whole sculp- 
tures of the friezes. The cornice is in blocks, which 
are the width of one mutule and one of tbe spaces be- 
tween them (Elevation, Fig. 1), their ends forming a 
complete course on the inside. Tbe tympanum of the 
pediment is composed of one course of upright slabs 
on the outside face, with horizontal courses behind 
them. The pavement of the temple is in squares of 
equal size, of about five feet each, and about one foot 
in thickness (two or three of which are amongst Lord 
Elgin’s Athenian marbles), joined with the most mathe- 
matical precision. 

The perfect state in which the monuments of Greece 
still remain, which have not been destroyed by violence, 
is a proof of the great judgment with which they were 
constructed. The famous temple to Minerva would 
have been entire at this day if' a bomb had not been 
thrown into it by the Venetians, when it,was used as the 
powder magazine of the Turks. The Ptopylea, ap- 
plied to tbe same purpose, was: struck by lightnings and 
blown up. llie temple of Theseus, not having been 
exposed to accidents of this nature, is almost as entire 
aa when first erected. The little choragie monument 
of Thrasyllus, as well as that of Lysicrates, are also 
entire. These are sufficient instances to shew the great 
judgmeut employed by the Athenians in the construe* 
tion of their buildings, and it is* hoped to impress on 
modern architects and masons the utility of employing 
large blocks, and also of causing great accuracy in 
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joining them together, w&taxit which tnasonry is cot 
better than bricklaying. The core of bubble vtoik now 
remaining in many of their walls is impenetrable to a 
tool, an additional proof if any be wanting of the care 
employed in cementing the masonry. 

The mode of erecting columns into screens or por- 
ticos remains to be treated on. The Doric column 
was effected in Greece without a base, it having a large 
diameter which compounded for this deficiency. This 
column was invariably approached by three steps, (see 
Fig. 4. c c c) the third or last forming the floor on 
which it Was built. The lower shafts, as well as the 
intended iptercolumniation, were accurately marked out 
on the floor, and on the parts to which the columns 
were designed to be placed. A circle was drawn 
about ^th of the diameter of that of the cohitnn, 
which was .Sunk down (See Plate I. Fig. S. D D.). 
The Jower shaft was accurately shaped at its lowest 
extremity to the proposed diameter ( A, Fig. 3), leaving 
it so much longer as to fit into the sinking in the upper 
step, which formed for it a kind of rebate t by thus 
fixing ail the shafts in the floor their intercolummatioB6 
were exactly preserved. The column is composed of 
blocks (&B, Fig. 4), of, at least, a diameter in height, 
exactly jointed, and, by the Greeks, without the least 
cement between them. In the centre of each joint were 
made square sinkings for the purpose of putting in a 
joggle; this juggle enters both die upper and lower 
shafts, and Serves to prevent die moving or fracture of 
the column by any lateral thrust it might receive. The 
joggles in the columns of the Parthenon were of olive- 
wood;; they are commonly with us of iron painted 
over, or of lead ; and, in columns cf marble, they are 
copper. The latter metal being preferred by reason of 
its not heiog so liable to oxydate as the former, and 
consequently not so iprobabie to stain the stone, which 
is too often the case by iron joggling. 

The joining of columus in free-stone has been found 
more difficult than in marble, and the French masons 
have a practice toiavoid the failure of the two arrises 
of the joint, which might be borrowed with success for 
the constructing of columns of some of our softer free- 
stones. It consists in sinking away the edge of the 
joints, by which meads a groove is formed at every one, 
throughout the whole height of the column. Travellers 
who have seen their porticos have compared them to 
cheeBQs piled doe on the other, the courses appearing, 
by this practice, itoi be so regularly marked. This me- 
thod is not. had ‘recourse to but for plain shafts : it is 
not altogether of modem invention, as there are some 
ancient rentain&in which it appears, but in them it may 
be conjectured to have been for a very different pur- 
pose. It served tb admit the shafts being adorned by 
flowers and other insignia on the occasion of their 
shews t and games. In the French capital they even 
now, on their public illuminations, affix rows of lamps 
on their columns, making use of these grooves to adjust 
them regularly, which produces a very good effect. 

, The shafts of columns in large works intended to be 


adorned by flutes, are erected pimp, and the fiutiqg 
chiselled out afterwards. The ancients commonly 
formed the two extreme ends of the fluting previously, 
as may be seen in the remaining columns of the temple 
of Apollo, in the island of Delos, a practice admitting 
of great accuracy and neatness. The finishing the detail 
of both sculpture and masonry on the budding itself 
was a universal practice among the ancients : they 
raised their columns first in rough blocks, on them the 
architraves and friezes, and surmounted the whole by die 
comice, finishing such parts only down as were not con- 
veniently to Be got at in die building ; hence, perhaps, 
in some measure, arose that striking proportion of parts 
together with the beautiful curvature and finish given to 
all the profiles in Grecian buildings. 

The Greeks, who carried architecture to its highest 
seem by their skill to have even chained down the 
public convenience to submit to her notions of subli- 
mity. Thus we find, that the general basement of the 
Parthenon is composed of tlrree gradations, or steps, 

( Plate I. Fig. 4, tcc) not proportioned to the human 
step, but to the diameter of the columns it supports, 
and forms one single feature extending through the 
length of the temple, and of strength and consequence 
sufficient to give stability and breadth to the mass above 
it. The same means were pursued id all their work*, 
viz. in those of the Ionic and Corinthian styles, for the 
Greeks affected none other. The bases and capitals to 
the columns, and also the antse, were executed on 
the building, as well as the accessories or ornamented 
parts ; and although this practice is not common among 
us, ‘ our neighbours, the French, who certainly are mum 
our Mtperiors in architecture, always adopt it* It has one 
great public convenience (besides admitting greater ac- 
curacy in finishing) by allowing of more rapidity in 
carrying forward the work, blocks being inserted for 
and instead of laboured bases and capitals, from which 
circumstances the case of the building is sooner ready 
to receive its roof, and the interior may be more 
quickly prepared for its intended purpose than by wait- 
ing for all the several parts to be previously wrought 
and finished to be inserted in the progress of the work; 
hence the public convenience becomes sooner supplied, 
and if the finances should fail 6f fully effecting the 
whole intention of the design^ such failure would only 
effect the ornamental part; enough will remain, to exhi- 
bit the genius of the architect, and the work may be 
completed, if it be worthy, in more prosperous cir- 
cumstances. The FrencJi people se^m fully to have 
faHen in with this idea, for they have frequently left 
unfinished the decorative part of their edifices, as there 
are now to be seen at Paris and other places whole 
ranges of columns and pilasters with no indication 
of their precise order, except what may be collected 
from the shape and size of the blocks inserted in the 
walls to form them. 

Pavements have occupied considerable attention in 
architecture, and consequently masonry. The Greek 
temples were paved with white marble, the same as 
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that Of which the temple itself was constructed ; and 
consisted of large squares joined with great precision, 
and of such thickness as secured their stability ; die 
remaining stones in die Propylea, at Athens, are 
fifteen inches in thickness; and those in the Minerva 
temple* eighteen inches. The Turks have found the 
greatest difficulty in removing them, as has been their 
practice*, for the purpose of making lime for their pro* 
sent houses. 

Tessellated Mosaic pavements were used by the 
Athenians^ and consisted in forming, by inlaying mar- 
ble in various specimens, to exhibit the most agreeable j 
and fanciful designs. Mr. Steiiart discovered a frag- 
ment of one; of great beauty, in the Ionic temple on 
die Ifissos, at Athena Ih the disclosures at Pom- 
peii. many floors were found to be so paved. There 
does not, however, appear in Greece such marks of 
luxury, and e x t ra v agan ce in the decorative parts of their 
huilduigs as the opulent Romans displayed, who, not 
content with inerting in their floors pieces of mar- 
ble of die most beautiful kind, had them painted and 
varied with different colours. This custom commenced 
under Claudius. Under Nero they began to cover 
die. marble with gold, thus the marble of Numidia 
m gilded* tad that of Phrygia was stained with 
purple* 

The mode a£ iteming marble was so perfect that the 
topers ef Laoedemon and Tyre were euviou» of die 
purple lustre which their marbles exhibited. Pieces of 
solid gpid, called crassam aurom, and of the same me- 1 
tal beaten oat called “ bractwe,” were inlaid. Some 
woven, says Seneca, “ had baths paved with pure 
silver ; they placed their feet on fee same kind of 
metal ' m which their food was served up.” Such and 
ether traits of' splendour are mentioned in dm descrip- 
tion: which Statins gives of fee country-boose of Man- 
lius Vopiscus. 

.Arching is feat in which the modem mason has ex- 
oeo di agly excelled the ancient. In Greece, if it were 
un d erst ood, it was but little practised ; but there, as in 
Egypt, the necessity of it was not so imperious as it 
was afterward s in Italy, and latterly in Europe; the 
feauier countries abounded in quarries of marble, from 
which they could collect pieces of sufficient dimension 
ta compose lintels for all their apertures, and also for the 
roofe of tbeir porticos, which were formed of marble; 
and they appear salished in this application, without 
having had recourse to arching, which they must, 
had not their marble been adequate to the support 
of great weights laying in horizontal positions. The 
Romans, who were indebted to the Greeks for all that 
they performed on scientific principles in* architecture, 
took the rules that were afforded in arching (although 
scanty) by their teachers, and if they did not much im- 
prove diem, made them more common ; hence we find, in 
most of the Roman edifices arches in all positions, 
in some of which there is great boldness of design, as well 
as intelligence displayed ; but, as is usual m the infancy 
of an invention, they appear never to have carried them 


above, or varied them froin, foe portion ef a circle 1 
altering its versed sign only to answer the numerous 
purposes of strength and onranfent hr building.— 
The ancient Roman architects seetn not to lmve been 1 
conducted, in these their principles of arcuation, by 
certain and geometrical principles, experience and 
imitation served them principally as guides. The circle 
with them answered every purpose; and experience' 
having shewn its utility, no one seems to have pressed 
from the ranks to exhibit bis enterprise by a devia- : 
don ; this was left for the work of foe modems, and,* 
like the late deveiopements in chemistry, to which it 
nearly approaches in both genius and importance, may, 
in its results, eventually connect foe most distant by 
the easiest possible means, as well at promote the! 
convenience of the present and admiration of succeed- 
ing ages. 

The masonry of an arch herein to be treated of, is so 
intimately connected with the theory, that it appear* 
almost impossible to explain the one without giving* 
some information respecting the other. In theory, an 
arch may be explained as follows, viz. to consist of se- 
ries of stones, called voissoirs, in the shape of trun- 
cated wedges which resist each other, through foeii 4 
inclined sides, by means of that weight whereby they 
would otherwise faU r and are suspended in the air with*- 
out any support from below, where a concavity is 
formed. The voissoirs are subject to forces which arise 
from their own weight, from external pressure, from 
friction* and the cohesion of matter; all these forces 
compose a system which ought to be in equilibration; 
and, moreover, that state ought to have a consistence 
firm and durable* It was not dll near the end of the 
seventeenth century when foe Newtonian mathematics 
opened the road to true mechanical science, that foe 
mathematicians directed any part of their attention to 
the theory of arches. Dr. Hook gave the first hint of 
a principle, when he affirmed, that foe figure into which 
a chain or rope, perfectly flexible, will arrange itself, 
when suspended from two hooks, becomes, when in- 
verted, the proper form for an arch constituted of stones 
of uniform weight and size. The reason on which he 
grounded his assertion, is, simply, that the forces with 
which foe parts of a standing arch press mutually on 
each other, in the latter case, are precisely equal and 
opposite to those with which they pull each other in the 
case of suspension. This principle, true as far as it 
goes, gave rise to most of foe specious theories of the 
mathematicians ; for they did not consider that though 
an arch of equal voissoirs might be thus balanced, it 
would require much other matter to be placed over it, 
to fill up the space between tbe extrados and a road- 
way, if used for the purpose of a bridge, aod that this 
superincumbent mass must necessarily destroy the equili- 
brium previously existing in the unloaded arch. There 
is a certain thickness in tbe crown which will put foe 
catenaria in equilibrio, even with a horizontal road- 
way ; but this thickness is so great that the pressure at* 
the vertex is equal to the horizontal thrust : the only si- ' 
5 P tuation, 
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tuation, therefore, in which the catenarian would be I 
proper, is in aq arcade, carrying a height of dead wall 
above it. During these discussions on the celebrated 
catenaria, a new system of arching developed itself. It 
was deduced from die consideration of the arch-stones 
being frustrums, or parts of wedges ; hence the mathe- 
matical properties of the wedge were introduced into 
the science, and employed to establish the theory of 
what were called balanced arches ; this practice was 
taught in France by La Hire, Parent, Vangnon, Beli- 
dor, Riou, &c., and some bridges were formed on its 
principles, viz. Pont La Concorde, at Paris, and also 
one arch at Nieully. It required that the arch-stones 
should be as long as economy would admit, and, if 
possible, to fill up all the space between the intrados and 
extrades of the^ bridge; and further, they are all to be 
locked together by bars and wedges of iron, which 
will prevent the possibility of their sliding, on die arch 
quitting the centering ; a circumstance not before ac- 
complished in arching. 

The theorist not yet having brought the practical 
architect to adopt his visions, raised another system, 
which is said to secure a perfectly equilibrated structure, 
by making an equality at eveiy point of the curve. The 
deduction from this theory consists in making die 
height of the wall incumbent on any point of the in- 
trados, directly as the cube of the secant of the curve’s 
inclination to the horizon at that point, or inversely as 
the radius of curvature there. It must be added, that 
this theory expects the joints of the voissoirs to be per- 
fectly smooth, and not to be connected by any cement, 
and therefore to sustain each other merely by the equili- 
brium of their vertical pressure ; and the theorist says, 
“ an arch which thus sustains itself, must be stronger 
than another which would not, because when , in ima- 
gination we suppose both to acquire connexion by ce- 
ment, the first preserves the influence of this connex- 
ion unimpaired ; whereas in the other, part of the co- 
hesion is wasted in counteracting the tendency of some | 
parts to break off from the rest by want of equilibrium. 
From these systems have been made tables for forming 
arches to equilibrate, by which the nature of each 
voissoir may be found to any degree of curvation, and 
Dr. Hutton has simplified it for practical men— (see 
Table, article Arch, Parti, page 341). The prac- 
tical mason, however neat in the execution of his work, 
finds it extremely difficult to get the joints of the arch- 
stones so smooth as is required by these systems ; and 
even if he succeeds in doing so, circumstances may 
take place in the construction of the work to render it 
useless; for instance, the abutments may sink a little, 
and one may retire more than another, hence will arise 
an alteration in the arch, and, consequently, in the shape 
of the joints ; but there are other circumstances to be 
anticipated, known to the practical architect (if even a 
sinking of the abutments shonld not take place), which 
is an alteration in the centre on which the masonry is 
raised. It is ascertained, that however firmly it may be , 
constructed and supported, its curvature will vary as it 


receives the weight of the stone arch. It not befog 
possible that the centre could be loaded all at once; 
produces this variation ; but even if the centre should 
be so constructed as to remain firm and unalterable, 
a sinking will ensue on its removal ; this, as the prac- 
tice is, is done gradually, and all the arch-stones m 
some measure follow it; the middle ones squeezing 
the lateral ones aside, which compresses all between 
them ; hence the latter arch stones alter their shape, 
a sinking of the crown ensues, consequently a general 
change of form of not only the joints, but of the avch 
also. Some architects, to secure as little friction h 
the joints as possible, fhave covered their surfaces wflh 
sheet-lead, and this practice was followed m the bridge 
of Blackfriars, at Norwich, by Mr. Soane. It cannot 
be too strongly recommended to die mason concerned 
in arching, to make all the joints meet as ebrreedy as 
possible, using the least posable quantity of cement be- 
tween them : the practice of wedging hi the voissoirs at 
the crown of the arch, commonly practised, should be 
done with caution, or, instead of preventing a sinking, 
it may endanger the whole arch. Perooet, who was 
architect to so many bridges in France, and Whose ex- 
perience and sagacity in this branch of practice, had 
developed more than a whole m a g azine of theorists 
could do, rejected it. His rejection of it was not how- 
ever to tbe principle, but to the uncertainty in the 
persons employed to perform it ; he conceived tint the 
stones might be so fractured iq forcing them in, that do 
two flat surfaces would present themselves in that pan of 
the arch. — Nieully, one of the finest bridges he built, 
and which the writer of this article has repeatedly ex- 
amined, is of a vei^ superior construction; the road 
occasions very little elevation, no more than sufficient 
to keep it dry. The arches and piers are quite unique 
in their shape, of considerable span, and so apparently 
flat and thin in the crown, as at first sight to create a 
doubt if they he of stone. It is a principle in the 
French bridges that the passengers may see their road- 
way from one end to the other. It would not be en- 
dured by them to be ascending mountains over the in- 
land waters ; and if their bridges are not so strong as 
ours, they exhibit more inteHigence, convenience, and 
beauty. 

Tbe figures of arches are as various in their' shape as 
the most fastidious ideas of convenience can requite ; 
they were, in the bridges of the Romans, semi-circles; 
by the modems, of every form and curvature fancy 
can suggest, or geometry delineate ; but the practical 
mason should endeavour in effecting arches, if he ex- 
pects the praise of intelligent nien, to protect them by 
some reference to known principles. Every arch of 
curvature, (and it cannot be an arch without it, although 
it may he a lintel), shonld be described by its praxis in 
known geometry, and if it require one, two, or more 
centres to develope its form, the workman should not 
forget that these points once ascertained are his guides 
to find the shape of the voissoirs or arch-stones* The 
joints of an arch are all traced from the centres of their 
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OumUfe) so that as a general axiom it may be assumed, 
for instance, speaking of a semi-circle, that its centre 
•applies the principle of giving form to the voissoirs ; if 
a segment, the centre of the circle of which it is the 
segment, be its versed sign what it may. If an ellipsis, 
which is neither more nor less than three segments, the 
anhjoints must be drawn from the centres of each cor- 
rappcedent circle, and so on to the parabola, hyper- 
bola, &c. : if dime principles were attended to by the 
practical mason, the failure of so many arches in the 
smaller works would be prevented, and the arch itself 
appear more neat; inasmuch as principle would be op- 
posed -to that which ia most commonly done by chance, 
as may be seen by any attentive observer, on looking at 
die arches in some of our buildings. 

Of Dome *. — A dome is said to be less difficult 
of construction than an arch, by reason that the ten- 
dency of each part to fall is counteracted not only by 
the pressure of the parts above and below, but also by 
the resistance of those which are situated on each side. 
A dome may therefore be erected without any tempo- 
rary support, like the centre which is required for the 
construction of an arch, and it may at last be left open 
at the summit, without standing in need of a key-stone. 

The Greeks seem no more to have employed domes 
than they did arches, one * only having been preserved, 
and in that there is nothing to require any of the prin- 
ciples of the Tambour-wall, as it is composed of a 
single piece. The Romans certainly affected domes, 
in which they developed great enterprise, genius and 
taste. Vitruvius says nothing about them, though 
he gives proportions for his monoptereal buildings, as, 
probably, they were but little employed in his time; 
but we have still existing the Pantheon of Agrippa, 
over which there is a beautiful hemispherical roof, and 
it is probable that, all their round temples were so 
roofed; indeed, in the remains of the Sybils’ temple at 
Tivoli, there are evident marks of such a covering. 

The masonry of domes must be conducted on similar 
principles to those recommended for arching* excepting 
only that the figure of each voissoir or wedge will be 
so shaped as to fit the void in a sphere instead of its sec- 
tions. The weight of masonry in a dome, however, will 
require all the force of mind in the architect and mason 
to prevent its forcing out its lower parts ; for instance, 
if it rises in a direction too nearly vertical, with its form 
spherical, and its thickness equable, it will require to be 
confined by a chain or hoop, as soon as the rise reaches 
to about 4?tbs of the whole diameter; but if the pre- 
caution be taken of diminishing the thickness of the 
masonry as it rises, it will not require to be so bound. 

The dome of the Pantheon is nearly circular, and its 
lpwer parts are so much thicker than its upper parts as 
to afford sufficient resistance to their pressure, and this 
was further prevented from spreading by being fur- 
nished with many projections which answer the pur- 
pose of abutmeuta and buttresses. 

• The monument of Lyiicratei, at Athens. 


At the restoration of the Arts in Italy, in the fifteenth 
century, the architects, no doubt struck with the amaa* 
ing effect of domes, from viewing that ^maining to the 
Pantheon, projected many to the cathedrals and other 
edifices at mat time undertaken ; but their skill was not 
equal to their zeal, and many attempts from want of 
the former, failed. 

At Constantinople, the church of St. Sophia w*s 
covered by a dome, and its history will be useful to 
prevent the temerity of the unscientific. Anthemius 
and Isidorus, whom die emperor Justinian had selected 
as architects the most proper for conducting the works 
of this celebrated edifice, seem to have known but 
little of the matter. Anthemius bad boasted to Justi- 
nian that he would outdo the magnificence of the Ro- 
man Pantheon, for he would hang a greater dome than 
it aloft in the air ; accordingly be attempted to raise it 
on the heads of four pien, distant from each other about 
one hundred and fifteen feet, and about the same height 
He had probably seen the magnificent vaultings of: die 
temple of Mars the Avenger, and also of the temple of 
Peace, at Rome, the thrusts of the vaultings of which 
were withstood by two masses of solid wall which joined 
the side walls of the temple at right angles, and extended 
sidewise to a great distance. It was evident that the walla 
of this temple could not yield to the pressure of the vault- 
ing, without pushing these immense buttresses along their 
foundations ; he therefore in imitation placet) four but- 
tresses to aid his piers. They are almost solid masses 
of stone, extending at least ninety feet from die piers 
to the north and to the south, forming^ aa it were, the 
side walls of the cross. They effectually secured them 
from the thrusts of the two great arches of the nave 
which supported the dome ; but there was.no such pro- 
vision against the thrust of the great north and south 
arches. Anthemius trusted for this to die half dome 
which covered the semi-circular east end of the church, 
and which occupied the whole eastern areb of the great 
dome : but when the dome was finished, aod had stood 
a few months, it pushed the two eastern piers, with 
their buttresses, from die perpendicular, making them 
lean to the eastward, and the dome and half dome fell 
in. Isidorus, who succeeded to the work on the death 
of Anthemius, strengthened the piers on the east ride, 
by filling up some hollows, and again raised the dome, 
btit things gave way before it was finished; and while 
they were building in one part it was felling in another. 
The pillars and walls of die eastern semi-circular end 
were much shattered by this time. . Isidorus, seeing they 
could give no resistance to the push which was so evi- 
dently directed that way, erected some clumsy but- 
tresses on the east wall of the square which surrounded 
the whole Greek-cross, and these were roofed in with 
it, forming a sort of cloister, and leaning against the 
piers of the dome, and thus opposed the thrusts of the 
great north and south arches. The dome was now 
turned for the third, time, and many contrivances were 
adopted for making it extremely light. It was made 
| offensively flat, and, except the ribs, it was roofed with 
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pgmice-stode; but, notwitbsteidiixg these precautions, 
the arches settled) so as to alarm the architects, and 
they made all: sure by filling up the whole from top to 
bottom with arcades iu three stories. The lowest 
arcade was very lofty, supported by four noble marble 
columns, and thup preserved, in some measure, the 
church iu the form of a Greek-cross. The story above 
formed a. gallery for the women, and had six columns 
in front, so that they did not bear fairly on those below. 
The third story was a dead wall, filling up the* arch, 
add pierced with three rows of small ilbshaped windows : 
in. this unworkmanlike shape it has stood till now, and* 
is> the oldest church in. the worlds but it ban ugly mis- 
shapen mass of deformity and ignorance, resembling any 
thing rather than what it war intended for, viz. a beau- 
tiful piece of architecture. 

But there bap been domes effected since in every part 
of Europe, combining and displaying, m thb species of 
building, every requisite of beauty and > strength* The 
one to St Peters, at Rome, b a superb undertaking; 
and the set-off to it in thb country, of St. Pfcul’s, is 
another, in which* equal talent b developed); but thb 
latter dome b more remarkable for its carpentry then its 
masonry. At Paris they have' that to. the church of die* 
Invalids, a beautiful work ; and one, of very recent’ con* 
atractioa, to St* Genevieve, now- called the Pantheon ; 
on the frieze of the*porticoof which, b the following in- 
scription in bronae fetters, Aux grand hommes la Pa trie 
coanouante* ThbJatter dome, including the peristyle on 
which it rests, b perhaps the most beautiful in form and 
composition in existence. The peristyfe b fonued by 
fifty two cotomns of the Corinthian order, completely in* 
sokttd, and standing on a- circular stylobate, each above 
fifty feet high. The dome rises above the cornice of the 
peristyle in a beautiful carved line, and, on its top, b 
formed a pedestal and gallery. On die pedestal b 
erected a bronze statue of the figure of Pune, twenty- 
eight feet high: but here, as in St Sophia, die work of 
dilapidation has. commenced. Ik was observed, after 
the dome was raised, that dm columns composing 
the interior began to sink with. the weight. This inte- 
rior consisted of four naves, over the centre of which 
was the lantern and dome; they are decorated with 
one hundred and thirty fluted columns of the Corinthian 
order, twenty-eight feet high, completely insulated; the 
shafts of some of which began to fracture at their joinmgs, 
which obviously arose from the inadequacy of die material 
they were composed of, and, to remove thb defect, the 
architects have directed the walling up of the intercolum- 
niadon at the four quarters of the screen, in order to 
prevent its further giving way ; and thb now having 
been done, a monument at once of great genius and 
taste may be preserved. 

A dome has been erected to the rotundo of; the Bank 
of England, in which the principles of the ancient one 
of the Pantheon, at Rome, has been followed. It 
takes its spring from a wall of great thickness, on which 
it is bedded, furnished by many projections externally 
graduated like steps,, which answer the purpose, of but- 


tresses. It is open at its summit, like that from which 
itb copied, and from- which the interior of the bwiUbi 
ing receives its light. It composes, on die whole, m 
structure unique, and very honourable to the takntaofi 
the architect, Mr. Soane. 

The masonry of Gothic architecture now remains tor 
be treated. It b pretty generally agreed among anti* 
queries, that we had few, if any, buildings of stone 
previous to tbe Norman advent: indeed, .it b observed, 
“ that before that event most of our monasteries and 
ofaurch buildings ware of wood;” a All the monasteries 
ofmy realm , 5 fK smith king Edgar* in his charter to the abbey 
of Malmesbury, dated in tbe year 974, “ to the sight 
are. nothing but worm-eaten and rotten timber and 
boards:” and that upon the Norman conquest such 
timber fabrics grew out of use, and gave-place^to atone 
buildings, raised upon arches ; a form of; strtietnrein- 
trod need by- that nation, furnished* with stone from 1 
Caen, in Normandy. 

“ In the year 1087 (StowV words of tbe cadfodml of 
London) this church of Sto Pfcul was burnt with fire, 
and therewith most part of tbe city : Mamvtit% then 1 
bishop, began therefore die new foundation of a n*w> 
church of* St* Paul; a work dial men of that time* 
judged would never have been finished, it was to them 
so wonderful for length and* breadth, as alto die same 
wasi budded upon arches of stone, for defence ^>f fire ^ 
which was a manner of work before that time unknown* 
to the people of thb nation, and then brought from the 
French, and tbe stone was fetched from Caen, in Nor- 
mandy/* Sti Mkry le Bow church, in} London, bang 
built much about die same time, and manner, that 1 
is, on arches of stooe, was therefore called New 
Mary church, or; St Mary le Bow ; as Stratford bridge, 
brag the first builded with ardies of stone, was* 
therefore called Stratford le Bow. Tins, doubtless 
b that new kind of arcbitecttife the continuer of 
Bede intends, where speaking of die Normans, he 
smith, “ you may observe every where in villages, 
churches; and in cities and villages, monasteries erect- 
ed with a new kind of architecture;* And again, v 
speaking doubtfully of the age of the eastern part of 
the choir of Canterbury, he adds, “ I dare constantly 
and confidently deny it to be elder than the Norman 
conquest, because of the building it upon arches,, a 
form of architecture, though in use with, and, among 
the Romans long before, yet, after their departure, not 
used here in England till the Normans brought it over 
yrith them from France.” 

It b barely probable that we should have continued' 
ignorant of masonry till thb period, and that we did not 4 
there b abundant proof. With regard to the churches 
bring of wood, the only authority produced for. it, is* 
tbe expression in one of king Edgar's charters concern- 
ing the ruinous state of the monasteries in hb time. It 
b true, indeed, some of their fabrics seem to have been : 
totally formed of timber. Bede, in hb Ecclesiastical His- 
tory, m entio ns a chapel so built on occasion of the 
conversion^ Edwin 1 long- of Northumberland, for the 
I* * purpose 
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porpoeeof his baptism. But he likewise informs us, that 
soon after the king waabaptized, he hid the foundation of 
a stately and magnificent fabric of stone : this king was 
baptized in the year 627, several hundred years previously 
to the reign of the Norman king ; so that there is a 
great probability that the art of constructing buildings 
of strength, supported by arches and vaulting, was well 
understood long before. Among the fabrics of these 
tlmpg may be included many heathen temples, some of 
which were built by the Saxons themselves. In what 
these temples differed from the Christian churches may 
be difficult to determine with any certainty ; pope Gre- 
goiy, however, advised Augustin not to demolish them, but 
only that the idols that were in them should be removed 
and destroyed, and then consecrated to the service of the 
true God. As the work of conversion was at this time 
going on rapidly, a zeal began to display itself in erect- 
ing churches and other places of worship. One of the 
first erected Saxon churches of any consequence appears 
to have been at Canterbury, and Bede says, “ it was 
called St. Peter, and in which all the bodies of the 
bishops of Canterbury were interred.” From this time 
to the conquest, and for some time after, Saxon archi- 
tecture was the prevailing taste of the nation, and many 
edifices combining all the requisites of true building 
were made. The characteristic marks of this style are 
these : — The walls were very thick, generally without 
buttresses; the arches, both within and without, as 
well as those over the doors and windows, semi-circular, 
and supported by very solid or rather clumsy columns, 
with a kind of regular base and capital. In short, 
plainness and solidity constitute the sinking features of 
this method of building : nevertheless, the architects of 
those days sometimes deviated from this rule, their ca- 
pitals were adorned with carvings of foliage, and even 
animals; and their massive columns were decorated 
with small half-columns united to them, and their sur- 
faces ornamented with spirals, squares, lozenges, net- 
work, and other figures, either engraven or in relievo ; 
various instances of these may be seen in die cathedral 
of Canterbury, the monastery at Landisfern, the ca- 
thedral at Durham, and the rained choir at Orford, in 
Suffolk. Theiir arches too, though generally plain, 
sometimes came in for more than their share of orna- 
ments ; particularly those over the chief doors, some of 
these we/e overloaded with a profusion of carving. 
Bishop Warburton, in his notes on Pope’s Epistles, 
says, “ all our ancient churches are called, without dis- 
tinction, Gothic, but erroneously. They are of two sorts ; 
the one built in the Saxon times, the other in the Nor- 
man.” Several cathedral and collegiate churches of the 
first sort are yet remaining, either in whole or in part ; of 
which, says he, this was the original. When the Saxon 
kings became Christians, their piety (which was the 
piety of the times) consisted chiefly in building churches 
at home, or performing pilgrimages abroad, especially 
to the Holy Land; and these spiritual exercises assisted 
and supported one another. For the most venerable, 
as well as most elegant models of religious edifices were 


then in Palestine. From these the Saxon builders took 
the whole of their ideas, as may be seen by comparing 
the drawings which travellers have given us of the 
churches still standing in that country, with the Saxon 
remaim of what we find at home. Now the archi- 
tecture of the Holy Land was Grecian, or rather Ro- 
man, but greatly fallen from its ancient elegance. Our 
Saxon performance was indeed a bad copy of it, yet 
still the footsteps of the ancient art appeared in the cir- 
cular arches, the entire columns, the division of the 
entablature into a sort of architrave, frieze and cornice, 
and a solidity equally diffused over the whole mass: 

To the Saxou style of building succeeded the Nor- 
man, or pointed style. The marks which constitute its 
character are its numerous and prominent buttresses, its 
lofty spires and pinnacles, its large and ramified win- 
dows, its ornamental niches or canopies, its sculptured 
saints, the delicate lace-work of its fretted roofs, and 
the profusion of ornaments lavished indiscriminately over 
the whole building ; but its peculiar distinguishing cha- 
racteristics are, the small clustered pillars and pointed 
arches formed by the segments of two intersected cir- 
cles, which arches, though last brought into use, arc of 
more simple construction than the semi-circular ones. 
Sir C. Wren, who, in his Parentalia, has considered 
this style of building, refers it to Saracen origin. He 
says, “ the Holy war gave the Christians who had been 
there an idea of the Saracen works, which were after- 
wards by diem imitated in the west, and they refined 

r it every day as they proceeded in building churches. 

Italians (among whom were yet some Greek re- 
fugees), and with them French, Germans, and Flemings, 
joined into a fraternity of architects, procured papal bulls 
for their encouragement and particular privileges. They 
styled themselves Free-masons, and ranged from one 
nation to another as they found churches to be built 
(for very many in those ages were every where build- 
ing, through piety or emulation) ; their government was 
regular, and where they fixed, near die building in 
hand, they made a camp of huts. A surveyor governed 
in chief; every tenth man was called a warden, and 
overlooked each nine : the gendemeq of the neighbour- 
hood, either out of charity, or commutation of penance, 
gave the materials and carriage.” He proceeds, " those 
who have seen the exact accounts in records of the 
charge of the fabrics of some of our cathedrals, near 
four hundred years old, cannot but have a great esteem 
for their ecouomy, and admire how soon they erected 
such lofty structures. Indeed, great height they thought 
the greatest magnificence. Few stones were used but 
what a man might cany up a ladder on his back from 
scaffold to scaffold, though they had pulleys and spoked 
wheels upon occasions; but having rejected cornices, 
they had no need of great engines, stone upon stone was. 
easily piled op to great heights, therefore the pride of 
their works was in pinnacles and steeples.” 

The difficulty of tracing the origin of the buildiqgg 
with pointed arches, in this country, in some measure 
vanishes by a close inspection, for towards the latter end 
5 Q of 
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pf Henry the Second’s reign some pointed archet appear, 
and also the columns are more slender, supporting archi- 
volts of a different style, but they do not appear to have 
wholly prevailed during this reign, as some short solid 
columns and semi-circular arches are retained, and 
mixed with the pointed ones. An example of this is 
seen in the west end of the Old Temple church, and at 
York, where under the choir remains much of the an- 
cient work, the arches of which are but just pointed 
and rise on short round pillars : both these were built in 
that reign. 

In die reign of the third Henry, the pointed style 
seem9 to have gained a complete footing. Indeed like 
all novelties when once admitted, the rage of fashion 
made it become so prevalent, that many of the ancient 
and solid buildings erected in previous reigns were taken 
doWn in order to be re-edified in the new taste, or bad 
additions made to them in this mode of architecture. 
The cathedral church of Salisbury was begun early in 
this reign and finished in 1255. It is entirely in the 
pointed style, and is considered the best pattern of that 
age. Its excellency is undoubtedly in a great measure 
owing to its being constructed on one plan, whence has 
arisen a symmetry and proportion of parts not to be met 
with in many of our other cathedral churches. 

In Edward the First and Second’s reign no very 
material alteration appears to have been made, except 
perhaps towards the end of the latter kings leign the 
vaulting of the roofs became more decorated than 
before ; for now the principal ribs being spread over 
the inner face of the arch run into an assemblage of 
tracery, dividing the roof into various angular compart- 
ments, and were usually ornamented at their intersections 
with orbsgilded, heads of figures, and other embossed 
work. The columns consisted of an assemblage of 
small pillars or shafts, not detached or separate from 
the body of the column, but made a part of it. The 
windows were also greatly enlarged and divided into 
several compartments by stone mullions branching off 
at the top into various ramifications, and more particu- 
larly so, those to the Eastern and Western ends of the 
buildings, which were large, often taking up nearly the 
whole breadth of the nave and as high almost as the 
vaulting, set off by numerous details of beautifully painted 
glass representing kings, saints, martyrs, and confessors. 
Ely cathedral furnishes abundant specimens of the style 
of the first and second Edwards. The same style after- 
wards began to prevail all over the kingdom, and conti- 
nued improving through every successive reign to its final 
decline in Henry the Eighth’s, and its total overthrow jn 
Edward the Sixth’s and Elizabeth’s time. In Henry 
the Seventh’s time this species of building arrived at a 
perfection surpassing every thing that had before been 
seen. Every detail of the sculpture and masonry was 
better executed ; a taste for statuary began to appear ; 
the ribs and vaulting of the roofs, which had been before 
large and, seepiiiigly formed for strength and support 
befcatn£ now divided, and as from a centre spreading 
themselves over the vaulting, which gave foe whole the/ 


appearance of embrridery with dustem of poodaKt 
qroameots hanging down from the roofs. Toe moor 
striking instance of this kind is, the chapel of King Hen* 
ry the Seventh at Westminster, King’s College Chapel 
at Cambridge is another inntanrn of the superlative style 
of architecture of these reigns. This magnificent edi- 
fice had its principal ornaments daring Heavy the Eighth’s 
reign. The towers were finished, os well at most of 
its spreading voofe and tracery work; some curious do- 
cuments still existing in the archives of the college 
shew the contracts of file artificers employed, and exhi- 
bit a singular contrast to modern valuations. In one 
contract is set forth the following items, concerning 
the erecting of the “ fynyals” or pumacles for tweoty- 
one buttresses, and finishing one of the towers, one 
“ fynyal” having been previously set up as a pattern. 
The contract runs thus, u for every pioade to be paid 
61. 13s. MU and for aU the said pinnacles XiOO, and for 
the upper part of the tower (viz. from the open-woit 
upwards) j£lOQ ; the provost, &c. to find iron-work te 
the amount of <£5 for each piaancle. In this reign 
bricks became mtich in use, the arches were flatter 
than ia foe time of the Edwards. Hie exquisite 
tracery adorning foe roofs and matting made tins kind 
of arch necessary, in order to bring the work of foe 
sculptor nearer the spectator’s eye. In all Cardinal 
Wotoy’s buddings is to be seen this low-pointed arch. 
It was described from four centres, was very round at 
the haunches, and the angle at the top was very obtuse. 
There is now a gtmerafiy prevailing opinion among 
antiquaries, that this style of architectnre took its rise 
and received its culture in this kingdom, arising partly 
from the numerous remains still extant ; in which they 
fancy they can trace .all its various improvements until 
U arrives at its greatest perfection and glory. From this 
understanding and concmreoee among professional meo, 
they have now in their writings di scard e d the term 
Gothic, as applied to the manner of building from the 
thirteenth to the sixteenth century, and have substituted 
the word English ; and for foe style which subsisted pre- 
viously to the former period, and was introduced at foe 
conouest, and whose chief characteristic and feature is an 
highly-pointed arch, they call Norman ; and to all buildings 
before foe conquest they apply foe term Saxon. The 
architecture used by foe Saxons is very properly called 
Saxon. The improvements introduced after the Nor- 
man conquest justify foe application of Norman to the 
edifices of that period. 

The nation assumed a new character about foe time 
of Henry foe Second. The language properly called 
English was then formed, and an architecture founded 
on foe Norman and Saxon, but extremely different 
from both, was invented, cherished, and employed by 
foe English ; this is now called foe English style. The 
term Gothic certainly has no real application to the ar- 
chitecture for which it is applied to distinguish ; these 
people, (viz. foe Goths and Vandals) bad ceased to 
ipake any figure in die world long before this species 
of buikhog was in use. Sir C. Wren is the first 
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Bugjiwh writer who ha* applied it to designate this 
specie* of architecture, who most probably adopted it 
from the Italians of die fifteenth century, who were in 
the habit of applying it to all the huiklii^s not done 
after the fashion of the remains then existing in Italy. 
The fleam “ La Maniera Gohca* was used, partly no 
doubt in contempt and partly to cUstinguisb such works 
front what was considered by them the legitimate style 
of architecture. This digression on the architecture 
of these islands, was deemed eligible and necessary, 
ns it would have been absurd to treat of their masonry 
without seme notices of the buildings to which it had 
been applied. 

The desideratum of skiliin all these works in which 
the division of stone has produced the most striking 
effects is in the arching and vaulting. The other ma- 
sonry was perfor m ed in the usual manner, adopting the 
means to the local advantages derivable from die nature 
of the material to be employed. The process of work- 
ing in freestone was die mason’s chief employ ; this they 
did with considerable address and judgment : they made 
the walls of great thickness, composed of many small 
stones accurately wrought and blended together and with 
great compactness. The height of those walls, together 
with the long and highly-pointed windows covered by a 
vaulted debug, made it necessary to erect buttresses ; 
these prevented tbs long narrow piers between the win- 
dows from splitting, and secured the side-walls from the 
thrust of the ribs and arches of the vaultings.] The pinna- 
cles which crowned the buttresses, and which were car- 
ried considerably above the parapets of the roofs, added 
by their weight to the solidity of the piers, as well as 
strengthened the whole range of the wail. Their towers 
strengthened the quoins of the walls, and besides ad- 
mitted of staircases being formed within them to com- 
municate with every story of the building, as also with the 
roof itself. The roof of King’s College Chapel at Cam- 
bridge is justly esteemed the finest specimen of arching 
in existence, and exhibits at the same time an elaborate 
display of art and workmanship in every end of its de- 
partments. It consists of a series of arches, one passing 
through the whole building, and several others which 
find their centres in the several 6ide buttresses? these 
are locked together in their intersections or apexes 
by a large key-stone shaped wedge-like, surrounded 
by additional keys cone-Uke, which altogether form 
a circular key at each intersection of the groin, with 
the square-shaped key-stone in its centre. These are 
placed in the centre of every compartment at equal 
distances along the central rib, which passes from East 
to West. A small rib intersects this, and crosses the 
roof almost in a horizontal line, and a much larger 
rib running parallel with it springs from the capitals 
of the clustered columns which run up between the 
windows, taking its spring directly against the buttress. 
Hence is supported this truly magical roof by a se- 
ries of double arches, excentric to each buttress, with 
ope main arch passing through the whole; 1 ytt all 
materially dependant on each other, and suspend- 


ing that weight of rsftone which appears \kid almost 
fiat from side to side of the chapel. It is asserted by 
Malden, that the stones competing the groining are 
not mere than three inches in thickness; they, how- 
ever, vary, and are nearer to six inches. The keys are 
huge and well fitted ; besides they drop down as pen- 
dants, and are richly carved. There is a tradition 
which has been repeated : by every writer who has 
written about this edifice, taken from Walpole’s Anec- 
dotes of the Arts, that Sir C. Wren became so much de- 
lighted with the style of this vaulting that he went once 
a year to survey it, and said, “ that if any man would 
stew him where to place the first stone, be would en- 
gage to build such another.” That the most accom- 
| plished architect of his time could commit himself by 
making so futile an observation is doubtful. It is never- 
theless certain, that in this roof will be found successfully 
executed one of the most difficult tasks in architecture* 
Masons employ certain technical phrases by which 
they des^nate every part of their work employed in 
building, some of which have been previously noticed ; 

: and inpoiatof the value of each description of work, that 
is ascertained by a datum to be hence explained, and 
which has arisen from out of the experience attending \ 
on the general way adopted for the admeasuring of 
artificers’ works. It does not appear to have been a 
very early practice among the surveyors and masons to 
separate all the distinct portions of labour which are 
employed about their hewn stone into the several different 
species, calculating the difficulty in each, and appor- 
tioning a value commensurate, which is now the com- 
mon and universal practice. This manner of assessing 
the value of the labour and also of the materials, arose 
in its beginning from out of necessity, there having 
been found no otter means of putting down the avarice 
and injustice of the master artificers. On its first intro- 
duction it met with very general opposition from all 
mechanics ; but its rationality, together with its troth 
and accuracy soon gave it that ascendency over this self- 
ishness which it was so well calculated to produce. 
Hence at this time every part of masonry as well as other 
artificers works are divided and again subdivided into aO 
their several distinct parts, a value being assigned to each, 
which is found adequately to remunerate them for all 
their toil as well as the incidental expenses attending ou 
the execution and erection of their several works. • 

In the admeasuring of masons work the measurer is 
provided With two rods, commonly of five feet ill length 
each, divided into five equal parts or feet, and each 
foot again subdivided into halves and quarter fee;: 
sometimes the feet are also drawn in inches, hut this 
latter method k by no means universal. When the stone to 
be measured approximates to fractions, the common rule 
is applied to ascertain them. All the stone is first mea- 
sured, beginning at that which is fixed nearest to the 
top of the building, and then taking the labour to k; 
and every piece of stone which exceeds in- its thickness 
two inches is valued by the cubic foot, and all other 
stones under that thickness are deemed to be slabs, and 
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are valued at per foot superficial ; these latter generally 
embrace the paving-stones of all descriptions, as well 
as chimney-pieces, copings, 8cc. There are also some 
portions of the labour as well as the stone which are 
valued by the foot 'measure running ; of this class are 
the groovings in lusticated work, Sittings in the shafts 
of column^] and pilasters, joints in gallery floors, 
called (joggled joints,) rebates in stairs, with the 
throatings to cills and copings, &c. &c. In the latter 
description may be included the various sorts of 
copings employed on the tops of walls and parapets, 
narrow slips to chimney-pieces, 8cc. &c. The dimen- 
sions are all accurately put down in a book, which for 
convenience is ruled, into three divisions on its left-hand 
side, the middle division being about one-third of the 
width of those on its sides ; this middle column is that 
in which the inches and parts are expressed, and in the 
left-hand column the feet, together with the number of 
tunes the dimension is to be repeated or added, and the 
last for placing the quantities when cubed, and squared ; 
for in taking the dimensions it often happens that there 
may be several pieces of stone of the same] size, and 
this th^ measurer marks in his book, as well as at the 
same time writing down the nature of the stone v and 
also the species of labour about it. His dimension 
book stands thus : 

3/6:01 ... 

3 : 0 > 3 : 4* Portland Landing/ 

:9) 


3/7 : 6 84 : 4 Plain Work Do. 
3:9 


3/7 : 6 2 2:6 Groove Do. 

By thus arranging the dimension book, every particle 
of stone and labour on it is ascertained with the greatest 
accuracy and dispatch ; they are all afterwards to be 
abstracted, which consists in ruling out a loose .sheet of 
paper into as many columns or divisions as are required 
for all the several species of work which has been mea- 
sured, and writing over the head of each of the co- 
lumns the particular kind to be inserted in it ; for in- 
stance, beginning with cube of Portland, all of it which j 
has been measured is brought into the column . under 
that head, plain-work under its head, also sunk^work, 
moulded work, and the several running measures all 
stand respectively ; and when so separated, they are to 
be cast up at the bottom of each several column, where 
is to be seen the whole of the several quantities, after 
\\hich they are made out into bills, beginning with the 
cubes first, then the superficies, and lastly the running 
measures. The works which are valued singly or by 
their number, are similarly classed and placed last of 
all at the bottom of the account. For thus measuring, 
cubing, and squaring the quantities, and valuing and 
finishing the account, suiYeyors’ charge two .and a half 
per cent on the gross amount 

The plain-work on stone consists merely in , the 
fjeanipg up of its surface, and the rule for finding how 


much of it is to be measured, is by observing that die 
mason is entitled to all that is not covered, that is, 
to every part of it which may be seen. Sunk-work 
embraces that kind of labour to stone which requires die 
surface or any other portion of it to be sunk down by 
chiselling it away. The tops of all witid6w-ciils, for 
instance, are sunk for the purpose of more readily con- 
veying away the water which falls on them. Moulded- 
work consists hi forming on the edges of the stone cer- 
tain forms, known in architecture as mouldings, that k, 
to make it more obvious. Cornices, architraves, md. 
such parts of an edifice in which stone is employed are 
fashioned into a variety of curved or other forms. The 
dimensions of moulded work is ascertained by girting it 
with a string or piece of tape over to every one and info 
all its several parts, and then measuring' the length of 
the string or tape so girted, which will be die width of 
the moulded-work, and the length of the cornice. See. &c. 
will be its length, which when squared together will 
give the superficial quantity of moulded-work. Masons 
have also their circular-work ; this kind of labour is ad- 
measured in the same way as has been described for the 
moulded-work, viz. by girting. it all round. There are 
distinct valuations for every one of these different spe- 
cies of labour. Nevertheless, it is not deemed here 
essential to recite them, as they vary as the price of the 
workmen’s wages does, except in London where they 
are .uniform, but in the country they are somewhat 
lower, the value of workmanship being less by reason 
of the men having much less wages. 

Masonry en pise. 

This is a species of building entitled to considerable 
attention, arising from' out of its oeconomy as well as its 
general utility. Every country abounds with the materials 
from which it may be formed, and in all nations it may 
be had recourse to for the building of useful as well as 
ornamental dwellings with fewer tools and with less of 
mechanism and machinery than is required for any kind. 
of building now practised. In the year 1791, a work 
was published at Paris by M. Francois Gomtereax, 
containing an account of a method of building strong 
and durable walls and houses with no other materials 
than earth, and which has been practised for ages in 
the province of Lyons, though little known to the rest 
of France or any other part of Europe. It appeared to 
be attended with so many advantages, that many gentle- 
men in this country who employ their leisure in the 
study of rural economy, were induced to make trad of 
its efficacy, and the event of their experiments basbeen 
of a nature to make them* wish by all possible means to 
extend the knowledge and practice of so beneficial 
an art. With a view to promote this desirable end, the 
accoont contained in the following pages has been ex- 
tracted from the French work, and it will be found to 
contain every necessary instruction required by those 
into whose hands the original work may not have fallen, 
or who being unacquainted with the language may have 
been prevented from consulting it. ITie appearance of 
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those wretched hovels which are bmlc with mad in 
some ports of England, will perhaps dispose many 
persons to doubt the strength and durability of houses 
which ate composed of do other materials than earth. 
The Freoch author says, “ the possibility of raising the 
walls of houses two or even three stories high, with 
earth only, which will sustain doors loaded with the 
heaviest weights, and of building the largest manufac- 
tories in this manner may astonish every one who has 
not been an eye-witness of such things/’ But it is 
hopedtbat a description of tlie manner of building will 
rofficiwitly explain the reason of its superiority. 

The word |>is£, or en pis6> is a technical term made 
use of in the country where the work about to be de- 
scribed is in common practice, and it has been retained 
because it cannot be rendered by any adequate word in 
the English language. Pis6 is a very simple manner of 
operation; it is merely by compressing earth in moulds 
or cases that we may arrive at building houses of any 
site and height. This art, though until very lately con- 
fined to the single province of the Lyonese in France 
was known and practised at a very early period of an- 
tiquity, as appears from a passage in Pliny’s Natural 
Histoiy, lib. 34. c. 14, which is exactly a description of 
this 'maimer of building . M. Goiffon, who published a 
treatise on Pisfc in 17?£> is of opinion that the art was 
practised by the Romans, and by them introduced into 
France; and the Abb6 Rosier, in his Journal de Phy- 
sique, says, “ that he has discovered some traces of 
it in Catalonia/’ so that Spain, like France, has a 
angle province iu which this ancient manner of building 
has been preserved. The art, however, will deserve to 
be introduced into more genend use. The cheapness of 
the materials which it requires, and the great saving of 
time and labour which it admits of, must r ec o m m e nd 
it in all place* and on all occmoiw. But the French 
author says, 44 that it wiH be particularly useful in idly 
countries, where carriage is difficult and sometimes im- 
practicable ; and for farm-buildings, which as they must 
be made of considerable extent, are usually very ex- 
pensive without yielding any adequate return. All 
earths are fit for the purpose when they have not the 
lightness of poor landB nor the stiffness of clay ; second- 
ly, aH earths fit for vegetation ; thirdly, brick-earth; 
but these if they are used alone are apt to crack, owing 
to the quantity of moisture which they contain. This, 
however, does not binder persons who understand the 
business from using them to a good effect. Fourthly, 
strong earths with a mixture of small gravel, which for 
that reason cannot serve for making either bricks, tiles, 
or pottery. These gravelly earths are very usefal, the 
best p «s& is made of them. These general principles 
may suffice without over-burdening the memory of the 
reader, and from the following remarks may be known 
what earths are fittest to be employed by themselves— 
when those have been described, it will remain to point 
out such as m«t be mixed with others, in order that 
they may acquire the necessary quality. The following 
appearances indicate that the earth in which they are 
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foubd ate fit for building ; for instance, When a 
pick-axe, spade, or plough brings up large lumps of 
earth at a time ; when arable land lies in clods or 
lumps : when field-mice have made themselves subteri 
raucous passages in the earth, all these are favourable 
signs. When the roads of a village having bden worn 
away by the water continually rumring over and through 
them are lower than the contiguous lands, and the 
sides of those roads support themselves almost up- 
right, it is a sure mark that the pis6 may be executed 
in that village* One may also discover the fitness of 
the soil by trying to break with one’s fingers the little 
clods of earth in the roads and find a difficulty in so 
doing, or by observing the ruts of the road in which the 
cart-wheels make a sort of pts& by their pressure; 
whenever there are deep ruts in a road one may be sure 
of finding abundance of proper earth. Such earth is 
found at the bottom of slopes of low lands that are cul* 
rivaled, because every year the rain brings down the fat 
or good earth. It is frequently found on the banks of 
rivers, but above all it is found at the foot .of hills 
where vines are planted. In digging trenches and cel- 
lars for building, it generally happens that what comes 
out of them is fit for the purpose. 

As it may sometimes happen that earth of a proper 
quality is not to be found on the spot where it is in- 
tended to build, it becomes of importance to attend to 
the method of mixing earths; for though the earth 
which is near at hand may not of itself be proper, it is 
very probable that it may be rendered so by the mixture 
of a small quantity of another earth fetched from a 
distance, The principle on which a mixture must be 
made is very simple ; strong earths must be tempered 
with light; those in which clay predominates wifo other* 
that are composed more of chalk and sand; and those 
of a rich glutinous substance, with others of a poor and 
barren nature. The degree in which these qualities of 
the earths prevail, must determine the proportions of 
the mixture, which it is impossible here, to pojtut out 
for every particular case but which may be learnt by a 
little practice. It would not be amiss to mix with the 
earth some small pebbles, gravel, rubbish of mortar, 
or in short any small mineral substance: but none of ; 
the animal or vegetable kind must be admitted. Such 
hard substances bind the earth firmly between them, and 
being pressed in all directions contribute very much to 
the solidity of the whole, so that well worked earth in 
which there is au admixture of gravel becomes so hard 
in about two years time, that a chisel must be applied 
to break it as though it were freestone. 

First Experiment to ascertain the Qualities of 
Earth proper for making Pise.— Take a wooden tub 
or pail without a bottom, dig a bole in the ground of a 
court or garden, and at the bottom of that bole fix 
a piece of stone fist and level, place your tub upon the 
stone, filling round it the earth that has been dug out to 
make the hole, and ram it well that the tub may be en- 
closed to prevent its bursting ; then ram into the tub the 
earth vou mean to try, putting in at each time about 
5R the 
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the thickness of three, or four fingers’ breadth; when 
this is well rammed, add as much more and ram. it in 
die same manner, mid so for the third and fourth, fcc., 
till the earth is raised above the brim . This superflu- 
ous earth must be scraped off extremely smooth, and 
rendered as even as the under part will be which lies on 
the stone. Loosen with a spade the earth round the 
tub, and you will then be able to. take it out, and with 
it the compressed earth that it contains ; then turn the 
tub upside down, and if it be wider at the top than at 
the bottom, as such vessels usually are, the pis6 will 
easily come out; but if it should happen to stick let it 
dry in the air twenty-four hours, you will then find the 
earth is loose enough to fall out of itself. You must be 
careful to cover this lump of pis& with a little board, 
for though a shower of rain falling in an oblique direc- 
tion will not injure it, yet it may be a little damaged if 
the rain fall perpendicular, and especially if it receive 
it so for any length of time. Leave the lump exposed 
to the air, only covered over with a board or flat stone ; 
and - if it continue without cracking or crumbling, and 
increases daily in density and compactness as its natural 
moisture decreases by evaporation, you may be sure 
that the earth is fit for building. But you must re- 
member that it is necessary that the earth employed 
should be taken from a little below the surface of the 
ground, in order that it may be neither too dry nor too 
wet.* It must be observed also, that if the earth is no{ 
well pressed around the outside of the tub before it is 
filled y though the hoops were of iron they would burst, 
so great is the pressure of the beaten earth against the 
mould, of whatever size it may be. 

- Second Experiment . — This trial may be made in the 
house : having brought from the field the earth you 
want to try, press it in a stone mortar with a pestle of 
wood, brass, or iron (the latter is best), or with a ham- 
mer; fill the mortar above its edge and then with a 
large, knife or some other instrument take off die su- 
perabundant earth even with the brim ; if you then find 
that the earth will not quit the mortar you must expose 
it to the sun or near a fire, and when, it is sufficiently 
dry it may be taken out without difficulty by turning 
the mortar upside down on a flat stone or on the 
floor. It will have the shape of the mortar, and if 
exposed as above directed will shew the qualities of the 
earth. • 

In building en pi si and preparing the earth all the 
operations are very simple and easy ; there is nothing 
to be done but to dig * up the earth with a pick-axe, 
break the clods with a shovel so as to divide it well, 
and then lay it in a heap; which is very necessary; be- 
cause as the labourers throw up that heap the lumps of 
earth and large stones will roll to the bottom, when 
another man may break them or draw them away with 
a rake. It must be observed, that there should be an 
interval of about an- inch and a quarter between the 
teeth of the rake, so that * the stones, and pebbles of 
|bt sige of a walnut or something more may escape, 


and that it may draw off only die largest. If the earth 
that has been dug has not the proper quality, which 
is seldom the case, and it be necessaiy to fetch some 
better from a distance, then the mixture must be made 
in this manner; one man must throw one shovel-fu) 
of die best sort, while .the others throw five or six of 
the inferior sort on the heap, and so more or less ac- 
cording to the proportion, which has been previously 
ascertained. No more earth should be prepared than 
the men can work in one day or a little more, that, they 
may not be in want when about the building ; . but if 
ram be expected you must have at band either planh, 
mats or old cloths to lay over the heap of earth, so that 
the rain may not wet it, and then as soon as the. rain is 
over the men may resume their work, which without 
ibis precaution must be delayed; for it must be 
remembered that the earth cannot be used when it b 
either too dry or too wet, and therefore if the raia 
should wet it after it . has been prepared, the men 
will be obliged to wait till it has recovered its pro- 
per consistency ; a delay which would be equally dis 
advantageous to them and their employer. When the 
,earth has been soaked by rain, instead of suffering com- 
pression it becomes mud in the moulds, and even though 
it be but a little too moist it cannot be worked ; it swells 
under tbe blows of the rammer, and a stroke in one 
place makes it rise in another. When this is the case 
it is better to stop the work, for the men find so. much 
difficulty that it is not worth while to proceed. But 
there is not tbe same necessity of discontinuing the 
work when the earth is too dry, for it is easy to give 
it the necessary degree of moisture in such a case; to 
do which it should be sprinkled with a watering-pot, 
and afterwards well mixed up together, it will then be 
fit for use. It has already beeu observed that no vege- 
table substance should be left in the earth, therefore in 
digging, as well as laying the earth in a heap, great care 
should be taken to pick out all sprigs and herbs, alJ bits 
of straw or hay, chips or shavings of woodland in 
general every thing that can rot or suffer a change in the 
earth. 

Implements used in Buildings of Pise . — Besides the 
common tools, such as spades, trowels, baskets, war 
tering-pots, &c., a hatchet will be required as well as a 
plumb, rule, hammer, and nails. The other mar 
chraery consists of a mould and a rammer, &c., of which 
it will be necessary to give a . particular description ac- 
companied by drawings. , 

Plate II. Fig . 1. is one ride of the mould in which 
the earth is to be compressed, and seen on its outride. 

Fig. the other side seen wi thin-side. . 

Fig . 3, the head of the mould seen without-side. 

Fig. 4, the other face seen within-side. 

Fig. o, the wedges to secure tbe upright posts in the 
joists, Fig. 9 and 10. 

Fig . 0 , a round piece of wood called the wall-gauge. 

Fig. 7, one of the upright posts seen on its fiat aids 
with Us tenon to enter the mortise in the joists. 

fig* 
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Pig. 8, The same on its back alsb’with its tenon. 

Fig. 9, a joist in which the mortises are made to re- 
ceive the tenon of the uprights and wedges seen 
flatways.. . 

Fig. 10/. the same with its side and bottom seen. 

Fig. 11, the mould for the pis& wall put together, in 
which are seen all its several parts. * 

Fig. 18, the rammer (or pisoir) for ramming the earth 
in the mould. 

For the construction of the mould take several planks 
each ten feet long, of some light wood, in order that 
the mould may be easy to handle : deal is the best, as 
being least liable to warp, to prevent which the board 
should be straight, sound, well seasoned, and with 
as few knots as possible ; let them be ploughed and 
tongued together and planed on both sides. These 
planks so prepared should be jastened together by 
four good stroog ledges, as seen Fig . 1. The mould 
must be two feet nioe inches in height, and two handles 
composed of pieces of strong rope should be affixed to 
each of the sides (see Figs. I and 1.). The head of the 
mould, which serves to fonn the angle of the building 
must be made of two narrow pieces of wood ploughed, 
tongued, and ledged together ; its ’ breadth eighteen 
inches and height three feet, and planed on both of : 
its, sides (see Figs. 3 and 4), where it may be remarked 
that this part of the mould diminishes g radually to the j 
top* in order that the wall may be made to diminish in 
the same degree ; all the boards mentioned for making ! 
the case of .the mould should be of whole or one inch i 
and a quarter deal. The wedges, Fig. 5, must be at , 
least an inch. thick and from eight to twelve inchest 
long : . and. as to the gauge, Fig. 6, it must be cut in its 
length equal to the thickness of the wall you mean to 
erect.. The six or eight ledges that are necessary to 
secure the two large sides of the mould serve also to 
receive a corresponding number of upright posts, stand- 
ing on a similar number of joists. The posts or up- 
rights,, Figs. 7 and 8, may be made of either wood 
sawed square, or of round wood of any kind: so that 
one may use indifferently the ends of rafters, joists, 
small trees or . their ; • branches. These posts are to 
exceed -he height of the mould by. eighteen inches, 
they must therefore be about five feet high, including 
the tenons (which should be six inches long), and in 
their: scantling about , three inches by four inches. That 
rart which is to bear against the ledges of the* mould 
Dost be flat and strait, the. other sides heed not be 
vorked with so much truth. The joists. Fig . 9, also 
nay be made of the same sort of stuff, and should be 
href feet six inches long and in scantling three inches 
nd a half by threeroches ; on the broad part of which 
pust be ipade the tyro mortises (as marked Fig. 9 and 
O), each ten inches and a half long and about one and 
half .inch wide, apd at. each end three and a half 
icftes .must be left projecting beyond the mortises, 

> that . the interval between for the mould will, remain 
mrteen inches. .These dimensions must be qbperyed 
i ojffer that- the two aides of the mould may incline 


431 

! towards each other, and the thickness of the wall be 
I gradually diminished till it be reduced to fourteen inches 
at the roof. The dimensions of the joists then are as 
follows, viz. . .. 

The two ends remaining beyond the mortises 

three and a half inches each . . — : 7 

The two mortises ten and a half inches each 1:9 

The interval between the mortises . l,: £ 

Total length of the joists, Fig. 9 and 10 3 : 6 

The most simple things are sometimes difficult to be 
understood without being seen, an elevation of the sec- 
tion therefore of the whole machine has been annexed 
(see Fig. 1 1). The following is a list of its several 
parts enumerated in the same order, and which the 
workmen must be careful to observe when they are 
about to erect the mould. 

Section of the Mould on the Wall . 

A, a stone or brick foundation, one foot six inches 
thick, on which a wall of earth is to be raised. 

B B, the joists placed across the foundation wad. 

C C, the two sides of the mould, including between 
them three inches of the foundation wall. 

D D, the upright posts, the tenons of which fit into 
the mortises of the joists. 

E, the wall gauge, which affixes the width of the 
mould at top, and which is shorter than the thickness 
of the wall at bottom for the purpose of regulating the 
dimension of the wall to be erected. 

. F, a cord about half an inch in diameter, making 
several turns round the tops of the posts to secure the 
frame at top. 

G, a round stick, which by being wound round fair 
tens the cord and holds the posts tight together. 

H H, the wedges which enter into the mortises in 
the joists, and keep the posts and moulds firmly fixed 
against the wall. 

Such is the process employed in erecting the mould, 
a contrary order must be observed in taking it to pieces* 
To do which, the rope must be unloosened, the wedges 
taken out, and the posts, the, mould, and the joists re* 
moved, in order to fix up the whole agaiu. 

The instrument with which the earth is rammed into 
the mould is a tool of the greatest consequence, and on 
which the firmness and durability of the pis6 will much 
depend ; in short, the perfection of the work will be in 
proportion to its goodness. It is called a pisoir , or 
rammer, and though it may appear veiy easy to midee, 
yet more difficulty will be found in the execution. than is 
at first apprehended ; a better idea of . its . construction 
uiay be formed by examining Plate II, Fig . 18, in 
which it is delineated, than any words can convey. It 
should be made of some kind of bard wood, either oak, 
ash, beech, &c., or, which is preferable, the roots of 
either of these. - 

Method of working Pise.— Let us not confound pisfi 
with that miserable way of building with clay, or mud 
more properly, mixed with hay or straw, which is often 
scery in country villages. Though some have been uivj 

able 


Digitized by ooQie 



4tt 


MASONRY. 


able or unwilling to distinguish between them, nothing 
in reality can be more different Those wretched huts 
aw built in the very worst manner that could be ima- 
gined, whereas pia6 contains all the best principles of 
masonry, together with some roles peculiar to itself. 
Piute II. Fig . 13, represents the plan of a cottage 
arranged for two rooms ; A A, the windows ; B B, the 
fire-places ; C, the cross, or partition-wall ; D D, the 
door-ways, the building of which will be described 

according to the method of Pis6. To begin with 

the foundation, as seen Fig. 1 1, A : this may be made 
of any kind of masonry or brick-work that is durable, 
and must be raised to the height of two feet above the 
ground, which is necessary to secure the walls from the 
moisture of the earth, and the splashing of the rain 
which will drop from Uie eaves of the roof. When the 
foundation-walls are built up level aH round the cottage, 
and eighteen inches thick, mark upon them the distances 
at which the joists are to be set for receiving the moulds, 
those distances should be three feet each from centre to 
centre of the joists (see B B, Fig . II); each side of foe 
mould being ten feet long, will divide itself into' three 
lengths of three feet each and leave six inches at each 
end, which serves to lengthen foe mould at the angles 
of foe house, and are useful for many other purposes. 
After having set all the joists of the mould in their 
places, the masonry of the foundation must be raised 
op six inches, that is, tiU it be level with the upper face 
of the mould-joists; there will therefore be upon the 
whole a base of two and a half feet, which in most 
cases will be found more than sufficient to hinder the 
rain, frost, snow, or damps from injuring foe walls. 
Raise the mould immediately on this new masonry, 
placing it immediately over one of foe angles of the 
wall; The method of raising the mould has already 
been described. The head of it (See Plate II, Fig . 3 
and 4) is to be placed against the angle, and should have 
eighteen inches in breadth at the bottom, and seventeen 
and a half inches only at the top ; thus the sides of the 
mould will incline upwards, and produce that diminution 
m the thickness of, the wall which is usual in buildings 
of this nature. The wedges (jRg. 5) must then be 
driven in, and the upright posts (D D, Fig. I )) well 
secured by cords, and the head of foe mould fixed by 
iron pins of with screws and nuts ; after which foe pre- 
paration of setting foe mould is complete, and the 
workmen may begin the filling up of foe pise wall. A 
workman should. be placed in each of the three divisions 
of the mould, taking care to put foe best at the angle, 
as it will be his business to direct the work of the other 
two, and to occasionally apply a plumb rule to the wall 
and mould, to prevent foe mould from swerving from its 
upright position. The labourers who dig and prepare 
the earth, must give it in small quantities to the work- 
men in the mould, who after having spread it with their 
feet, begin to press it with the rammer. They must 
enjy receive so much at a time as will cover the bottom 
of the mould to the thickness of three or four inches ; 
the strokes of foe rammer should fee given close to the 


sides of the mould, and a ft erw ards applied to every 
other pert of foe surface ; the men* should don their 
strokes so that foe earth may be pressed in every direc- 
tion. Those who stand next to one another in tk 
mould should so regulate then* strokes as to be at 
foe ' same time under foe core, because that part 
cannot be got at without difficulty and- must be 
strode obliqpely ;* with this precaution foe whole will be 
equally compressed. The man who is stationed at tin 
angle of the wall, should beat carefully against the 
head of the mould, and for foe sake of the appearance, 
or perhaps to increase the strength of the bothting* it it 
usual to spread at every six inches a layer of mortar near 
the head, in imitation of the joints in stone- work. Care 
must be taken that no fresh earth is re ceive d into the 
mould till foe first layer is property beaten, which may 
be ascertained by striking it with the rammer, the stroke* 
of which should leave hardly any impression am the 
face. They must proceed in this manner, putting into 
foe mould layer after layer till it is fitted up completely; 
when this is done the machine may be taken to pieces, 
and the earth which it contained will remain kin and 
upright, of about nine feet in length and about two feet 
and a half in height. The mould may be then replaced 
for another length, including one inch of that which has 
first been completed, and that no joints may appear m tbe 
work, the different lengths are united and made to press 
one on another. In foe second lengths and most of tbe 
following, tbe head of tbe mould is useless, as it is only 
made use of at foe quoins or angles. When the work- 
men have gone round tbe whole building, taking tbe 
mould to pieces and putting it together again succes- 
sively, they must begin upon foe parthioo-waU : m it foe 
bead of the mould must be used, as tbe jaumbs to the 
doors are to be squared like the angles of the home* 
When (he jaumb next to a cross-wall is very narrow h 
must be made of other materials such as brick wort, 
&c. The first course being thus completed we proceed 
to the second ; and here it must be observed that, if in 
laying the first course we begin with an angle, we must 
proceed with the second in a contrary direction. It 
may be easily conceived that with this precaution foe 
joints (see Fig . 14) of the several lengths will he in* 
dined in opposite directions, which will contribute very 
much to foe firmness of the work. There is no reason 
to fear overcharging foe first course with the second, 
though but just laid, for three courses may be laid 
without danger in one day. The grooves for reedring 
the joists should be marked out at foe distance*)# three 
feet from one another, as before described, but not im- 
mediately over tbe former grooves (see Fig, 14, A), bat 
over the middle points between them ; these grooves 
must be chased or cut out of the pis6 with a pickaxe, 
and the second course completed in foe same manner as 
the first, except that it must be proceeded in, in a con- 
trary manner, as before observed, and that the -bead of 
foe mould and also foe wall-gauge must be diminished, 
in order that tbe same inclination of tbe sides to one 
another which was given m the first course may be per- 
severed 
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Mvend in far the second, fee. It must, however, be 
remarked, that tbia second course is not exactly to be 
coefinned like die first, as it is necessary that the par- 
tition-wall should join or bind (see Fig. 14, B B) into 
die external writ, or rather that all the walls of the 
botldhag, whether outside or partition-walls, which meet 
tit an angler or otherwise, sbojild cross each other at 
ever y comer; in pursuance, therefore, of this rule, when 
the work has been advanced from E to F (see plan 
13) or perhaps not quite so far as F, leave the 
exterior end walls and turn the mould to the partition 
c, applying the base of it to F, and when the work has 
been carried along the partition wall as far as the door- 
way D, bring back the mould to the part which re- 
ttUuned unfinished in the exterior wall, and after having 
filed Op die space, Cany the mould on, beyond the 
psadlaOii wall, and complete the course. The reason 
Why the partition wall in the side opposite (or where 
the small jaumb of the door is) is not to be connected in 
the satte manner with this interior wall, has already 
%een given ; viz. that it ooght to be made of wood or 
brickwork and' Hot of pis6 ; but the third course must 
be carried over the head of the doorway, and join into 
the wall as directed for die other side. This description 
of die two first courses is equally applicable to all the 
Others, and will enable any person to build a bouse 
with no other materials than earth, of whatever height 
jfttd extent he pleases. With respect to gables (if any 
are designed to be made) they cannot he crossed in their 
courses as they are detached from on e another, but as 
their height id inconsiderable, and as they are besides 
connected together by the roofj that part of the work 
Will nbt be of any material consequence for them. They 
may be made without any difficulty by merely marking 
their inclination in the mould and filling in and working 
up the earth accordingly. It has been observed that 
each course will be two end a half feet high if the 
mould is two feet nine inches, for the mould must 
invariably include three indies of the course beneath, 
for this reason the grooves are made six inches deep, 
though the joists are only three inches in thickness. If 
the directions Which have been given for diminishing 
the thickness of the Walts are observed, that thickness 
Wi # be reduced to fifteen inches at the roof in a house 
Consisting of six courses of pi*£ m height, for in each 
course there will be an inclination of half an inch. The 
gables might be reduced to fourteen inches only in 
thickness, as an interval of fourteen inches only was left 
between ffie mortises of the joists, end by iocreaang or 
tixmimshiiig that interval the thickness of the wails may 
be regulated at pleasure. Such is the method of build- 
ing which has been practised by die Lyonnese for many 
Centuries. Houses so built, are strong, healthy, and 
Very cheap, they will last a great length of time, for the 
ftonch author says, a he had pulled down some of them 
•which from the fitle deeds in the possession of the pro- 
prietors, appeared to have been erected 166 years, 
though they had been but ill kept in repair. The rich 
traders of Lyons have no other way of building their 


country bouses. An outside covering of painting in 
fresco, which is attended with very little expense, con- 
ceals from the eye of the spectator the nature of the 
building, and is a handsome ornament to the house. 
That kind of painting has more freshness and brilliancy 
than any other, because water does not impair the 
colours. No size, oil, or any thing expensive is re- 
quired for it, manual labour is almost all that is 
wanted either by the rich or die poor. Any person may 
make his house look as splendid as he pleases for a few 
pence laid out in red or yellow ochre, or in other miner 
ral colours. Strangers who have sailed upon the Rhone 
probably never suspected that those beautiful bouses 
which they saw rising on the hills around them, war* 
built of nothing but earth, nay, many persons have' 
dwelt for a considerable time in xuch houses without 
ever being aware of their singular construction. Farmers 
m that country generally have them simply white-washed} 
but others who have a greater taste for ornamenting* 
add pilasters, window-cases, pannels and decorations of 
various kinds. There is every reason for introducing 
this method of building into all parts of the kingdom, 
whether we consider the honour pf the nation as con- 
cerned in the neatness of its villages, the great saving of 
wood it will occasion and the consequent security from 
fire, or the health of the inhabitants, to which it will 
greatly contribute, as such houses are never liable to the 
extremes of heat and cold. It is attended with many 
circumstances that are advantageous to the state as weu 
as to individuals. It saves both time end labour in build- 
ing, and the houses mav be inhabited almost >imnxedb 
atdy after they are finished, for which latter purpose 
the holes made for the joists of the mould should 
uot be closed up directly* for the air, if suffered to 
circulate through them, will dry tbs WaUs mors 
speedily. 

The Method of forming the Apertures in Pid 
Butidings.-~-The openings for the doors and windows 
must be left at the time of building the walk. This 
may be done by placing within the mould one or two 
of the heads of the mould as may be found necessary, 
wherever the wall is to* terminate and the opening to 
commence. They should be made sloping a little in 
order to leave room for the frames and sashes. The 
exterior decorations of the windows and doors are 
usually made by the rich of stone or bricks, and by the 
poor of wood, which latter have a bad effect on the 
appearance of the house, as wood will never unite well 
with pis£-work ; and, notwithstanding the greatest pre- 
cautions, the exterior covering will break and fall off 
the wood, whereas stone or brick-work unite perfectly 
with the pis6, and retain their plaster, and, of course^ 
their paint, of which it forms the ground. The chim- 
ney-pieces (BB, Fig . J3) are laid and united with the 
walk in the same manner as in a common building, 
and the flues are also very firmly connected with them, 
being made of brick-wort But a very particular ad- 
vantage is that the apartments may be very handsomely 
finished without making any jaumbs to the inside doors, 
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cither of stone or wood. The facings of wood to the 
earthen wall will render jaumbs unnecessary, and why 
should the expense of any other finishing be incurred, 
when the doors may be hung on the grounds or wain* 
scot of the apartments i 

Beating or compressing earth is used in many dif- 
ferent sorts of work. The ancients employed it in 
making their rough walls ; the Spaniards, the French, 
and others, for some of the floors of their apartments. 
The intent of the ancient architects, when they recom- 
mended the beating of cement and other compositions 
used in buildings, was to prevent them from shrinking 
or cracking, and it is employed for the same purpose in 
buildings which are made of earth. The beating, by 
repeated strokes, forces out from the earth the super- 
fluous water which it contained, and closely unites all 
the particles together, by which means the natural at- 
traction of the particles is made to operate, as it is by 
other causes in the fermentation of stooes. Hence 
arises the increasing of strength and the astonishing 
durability which houses of this kind are found to 
possess. 

On the Height of Pise Wall which may be raised in 
d Day*— In one single day three courses, of about 
three feet in height each, may be raised one over an- 
other, So that a wall of earth of about eight or one 
feet, or one story high, may be raised in one day. Ex- 
perience has proved, dial as soon as the builders have 
raised their walls to a proper height for the flooriug, 
the heaviest beams and rafters may without danger be 
placed ion the walls thus newly made, and that the 
thickest titnber of a roof may be placed on the gables 
bf pis6 the veiy instant they are completed. 

To make good walls of pis6 it is not sufficient that 
the earth be well beaten, we must also learn to unite 
them well together. In houses of brick or stone, to 
consolidate their parts they make use of angles and 
binders of free-stone, and of iron-braces and cramp- 
irons, which are very expensive; but here the binders 
cost very little, consisting only of thin pieces of wood, 
a few cramps and nails, and these are found suf- 
ficient to give the greatest solidity to buildings of pis6. 
The first course H, Fig . 13 , being laid on the front 
and inner walls of a house, we begin with the second, 
and if for the inferior course has been directed from G 
to E, Fig. 13 , it must for this second be directed from 
G to H ; but before this second course is began, lay 
at the bottom of the mould a board about five or six 
feet long, resting on the angle G, and extending length- 
wise towards H ; this board must be rough as the 
sawyers have left it, and about an inch thick, and in 
breadth about eight, nine, or ten inches, so that there 
may remain on each side four or five inches of the earth 
of die wall, which is eighteen iuches in thickness ; by 
this means the board will be entirely concealed in the 
body of the pis£, and when there placed, neither the air 
nor damp can reach it, and, of course, there is no danger 
of its rotting. This has been often proved by expe- 
rience, as in taking down old houses of pis6 such boards 


I have always been found perfectly seund, add mauyllet 
have not lost the colour of new wood. It is easy to 
conceive how much this board will equalize the pressure 
of the work raised above it, and will also contribute to 
bind together the two lengths G E, and to sireogtken 
the angle G ; but this is not all, it is useful ( particularly 
when the earth is not of a very good quality) to put 
ends of planks into the pis&~ after it has been rammed 
to about half the height of the mould. These ends 
of planks should be only ten or eleven inches long, to 
leave, as before, a few inches of .earth on each side of 
the wall ; if it is eighteen inches thick, they should be 
laid crosswise (as the plank before-mentioned is laid 
lengthwise) over the whole course, at the distance of 
about two feet from one another, and will serve to 
equalize die pressure of the upper parts of tbe t «rork oa 
the lower course of the pis£. The boards mentioned 
need only be placed at the angles of exterior walls, .and 
in those parts where the partition-wall joins to thpse.of 
the exterior walk The same directions that have been 
here given for the second course must be observed at 
each succeeding course up to the roof. By these 
means * the reader will perceive that an innumerable 
quantity of holders or binders will be .fornied which 
sometimes draw to the right,' sometimes to the lef^ of 
the angles, and which powerfully unite the front w*Us 
with those of the partitions, the several parts deriving 
mutual support from one another, and the whole being 
rendered compact and solid. Hence these houses, made 
of earth alone, are able to resist the violence of the 
highest winds, storms, and tempests. The height of 
each story being known, boards of, three or .four feet in 
length should be placed before-band in the pisi, in 
those places where the beams are to be fixed; and as 
soon as the mould no longer occupies that place, tie 
beams may be laid on for eaqh story, and die pis& may 
be continued as high a& the place on which you intend 
to erect the roof. 

On building Park or Garden Walls ess Pis£ * — With 
respect to walls for enclosures of parks, gardens, yard** 
&c., the mould must be fixed in an angle, or Mgnipet a 
building, if the wall is to reach so far, and the work- 
men must proceed from thence to the other extremity 
of the wall, and when they have fixed tfie first course 
they must raise the mould to make the second, renam- 
ing to the place where they began the first. But.whea 
a very great enclosure is to be made, as, for instance, 
a park-wall, then, for the sake of speed, it is necessary 
to set several moulds and men to work. In such a 
case, a mould should be placed at each end, and the 
number of men be double; they will work at the same 
time, and meet in the middle of the wall, where they 
will close the first course, after which each set of men 
raise their mould to make their second course, and. both 
setting out again for the middle, continue’working in op- 
posite directions towards the ends where they first began. 
Besides the advantages of strength and cheapness this 
method of building possesses that. of speed in the exe- 
cution. That the reader may know the time that is 
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featured for building a house or an enclosure, he need 
only be told that a mason used to the work can, with 
the help of his labourer, when the earth lies near him, 
build in one day six feet square of the pis£. If two 
men Cair build in one day six feet square, it is evident 
that six men, Which is the necessary number to work 
die mould (viz. three in the mould and three to dig and 
prepare the earth), will build, in the course of sixteen 
days, or three weeks at most, a house similar to plan 
delineated Plate II, Fig . IS, and such a house is 
estimated to contain two hundred and eighty-eight feet 
square of waH. A very short space of time therefore is 
sufficient for a man to build himself a solid and lasting 
habitation. These facts, which have been proved by 
numberless instances, afford a proposition by which 
every one may determine the time that his house or 
wall will talre in building, having first ascertained the 
number of feet it will contain . — Thus, if he wishes to 
have a wall five hundred and forty feet long, and six feet 
high, it will be finished in one month with one single 
mould and six men, and if he doubles both moulds and 
men it will be done in fifteen days. These are simple 
hut necessary instructions, for they will prevent the in- 
convenience to which many are exposed from having 
the completion of their building protracted beyond the 
time that they originally expected. All persons who 
wish to build may hence contract with a builder that 
the work shall be finished on such a day, or that he 
shall indemnify them for all the losses which they may 
incur from his failure in the making good of his engage- 
ment. 

On the Plastering necessary to Pise Buildings . — 
The outside covering of plaster which is proper for 
pis6-walls is quite different from that which is made use 
of on any other walla ; it is necessary too, to take the 
proportion for laying it on. If a house of pisfi has been 
began in Fei>raary, and completed in April, the cover- 
ing may be laid on in the autumn, or, that is to say, 
five or six months after it is finished, or if it is finished 
m the beginning of November fat which time the 
masons generally give over working pis6) it may. be laid 
on in the spring. In this interval the walls will be suf- 
fidendy drie<i; hut it must not be imagined that it is 
drought or cold that extracts the moisture from the 
earthen wall; it is only the air, and particularly the 
north air, which is of itself sufficient either in summer 
or winter to dry a pisfi wall thoroughly. If you happen 
to lay your plaster over them before the dampness is 
entirely gone off, you must expect that the sweat of the 
wall will cast off the plaster. ’ To prepare a wall for 
plastering, indent them with the point of a hammer or 
hatchet without being afraid of spoiling the surface left 
by the mould ; all those little dents must be made as 
close together as possible, and cut in from the top to 
the bottom, so that every hole may have a little rest in 
the inferior part, which will serve to retain and support 
the plaster. To do this the masons must make a small 
scaffold in the holes which the joists of the mould have 


left. This scaffold may be made in a few minutes, and 
when with the assistance of it they have indented the 
upper parts of the house, they must run a stiff brush 
over the indebted surface to remove all dust or loose 
earth. The walls thus prepared, they may lay on the 
plastering, but before the manner of doing this is de- 
scribed it should be observed that there are two kind£ 
of plaster that may be used in the pisfi, viz. rough-last 
and stuccoing.* Rough-cast consists of a small quan- 
tity of mortar, diluted with water in a tub, to which a 
trowel of pure lime is added, so as to make it about 
the thickness of cream ; stucco is nothing more than 
poor mortar, which the labourers make up in a clean 
place near the lime-pit, and carry to the masons on, 
the scaffold. Such is the manner of preparing the co- 
verings, let us now see the manner of employing them. 
For rough casting, one workman and his labourer are 
sufficient; the workman on the scaffold sprinkling with 
a brush the wall he has indented, swept and prepared, 
after which he dips another brush made of bits of r$ed, 
box, &c. into the tub which contains the rough-cast, 
and throws it with the brush against the wall ; when he 
has covered with as much equality as possible so much 
of the wall as is within his reach, he lowers his scaffold,, 
and stops up the holes of the joists with stones or old 
plaster, 8cc., does as before, and continues lowering 
his scaffold in the same manner till he comes to the 
bottom of the house. This rough-cast, which is at- 
tended with so little expense or trouble, is, notwith- 
standing, the best covering that can be made for pis£- 
walls, and for all other like constructions; it contri- 
butes to preserve the building, and though not beauti- 
ful, has the recommendation of being attainable by 
people in moderate circumstances. It is the peculiar 
advantage of these buildings that all the materials, they 
require are cheap, and the workmanship simple and easy. 

The process of stuccoing is very different. Two w ork* 
men and two labourers are requisite ; the two workmen 
being on the scaffold, and one of the labourers making 
up the mortar, while the other carries it, with water, 
and serves the workmen. One of the workmen holds 
in his right hand a trowel, and, in the other, a brush * 
with which he sprinkles the wall, having before well 
indented and swept it; after which he lays on a few 
trowels full of stucco, .which he spreads as much aft- 
possible with the same trowel, and then he lays it on 
more, and thus continues his work. The second work- 
man has also in his left hand a brush* and in his right a 
small wooden-float ; he sprinkles water over the mortar 
his partner .has spread, and rubs* over the part he has 
wetted with this wooden-float. The reader easily per- 
ceives the progress of this work. The first workman 
lays on the plaster and advances gradually, the second 
follows and polishes^ oqa labourer makes up the stucco, 
the other carries it and serves the workmen. By this 
progress die smoothest finish and . cheapest plastering is 
made. At the same time that the plaster is laid, on, it 
may also be whitened by the use of lime alone, which 
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is also am object of economy, since it saves white-lead, 
fee. For this purpose, dilute lime in a tub of very 
clear water, and let a labourer take some of it in a pot 
and carry it to the workmen, who must lay it on with a 
brush ; this, as well as all other colours, adheres to the 
plaster and never falls off, although it is used with water 
wuly, without either size or oil. This is to be attri- 
buted to the precaution of,, laying on the colour whilst 
the plaster is still wet, as it grows dry it incorporates 
mineral colours with its own substance, and makes them 
last as long is itself. 

lime is of very general utility, it is used nrbtrilding, 
in plastering, and in white-washing ; and it will appear 
from die chapter about to be added on Painting, 
that, for that purpose also, it may bo employed wish 
advantage. Those who intend to build therefore ought 
always to have a store of lime by them, and it should 
be slaked a long time before it is used to prevent cre- 
vices and blisters, which, without this precaution, will 
arise in the plaster, and give it 00 disagreeable an ap- 
pearance that it will be necessary to do the work over 
. again. The reason of it is this, there will always re- 
main in the lime some particles that have not been 
slaked in die pit, as all the stones are not reduced to 
lime in the kiln, and those stones will resist the action 
of the water for a time and will buret from the plaster 
after it has been laid, leaving; the crevices above-men- 
tioned. Hiis circumstance will not happen if the lime, 
after being slaked, is left to stand seme time before it is 
» used ; indeed it would not be a mi ss to let it lie by a 
whole year. 

With regard to the expense of walls of pis£, of which 
labour constitutes foe principal, and as labour is dearer 
in some places than in others, foe best mode of esti- 
mating it will be from foe quantity of such work that a 
man can perform in one day. Mr. Salmon, of Woburn, 
has found, by employing a man in such work, that he 
will perform easily, in a day of ten hours, 1£ square 
yards superficial, from which be has estimated the ex- 
pense as follows : — 

Labour in making facing^composition, filling- 
in, and ramming, to a sixteen-inch wall, 
when foe earth is at hand (labourers’ wages 
being at Woburn Is. lOd. per day), per yard 

superficial 

Value of lime used in the composition rammed 
into foe face of a yard superficial (lime be- 
ing 8d. per bushel) . . • . . ... 

lime and labour for rubbing-up and finishing 1 Q 
foe outside free of the wall j 


r *, 
>« * 

}° 


Total for finishing and facing on one ride 2 8 
If a garden wall, or otherwise, which will re- 7 ^ g 
quire facing and finishing on both sides . . . j u 

Total for walls finished on both sides 3 4 
On the Painting in Fresco to Pisi Buildings , fyc . — 
That kind of painting, which is.lmown by name of fresco, 
is foe most beautiful and foe cheapest of any, and it is 


that which the French author recommends for the deco- 
ration of pis£ buildings. The most celebrated painters 
were very partial, to it, and Rome has furnished many 
excellent models in its higher departments, which should 
engage us to restore it from that neglect and disuse 
into which it has without reason been suffered to fall. 
Wlioever wishes to have his bouse painted in fresco, 
must have a painter ready, and place him on foe scaffold 
with the workmen. The latter lay on foe mortar as 
before directed, and are attentive to spread it very even 
to receive foe paint. When fo^y have finished one part 
they suspend their work to givp the painter time to do 
his; for if they continued working on, foe painter, 
who cannot go on so fast as they do, would find the 
mortar too dry, and foe colours would not incorporate 
with it. It is absolutely necessaiy that foe pfasterers 
work should be subordinate to that of the painter, for 
which reason it is sometimes so arrauged, that the latter 
works, while the former are gone to their meals ; and 
when, m his turn, he retires from work, he traces out 
foe part that foe plasterer? are to cover during hh 
absence, foreseeing bow much he shall be able to ppint 
in foe course of foe day. All these precautions are 
taken to prevent the tOo speedy dry ing of the mortar, 
and to save foe proper time to lay on foe colours 
whilst it is fresh. 

Although this work does not profess to teach the art 
of painting in fresco, it may perhaps be found to 
contain directions sufficient for the execution of it in an 
ordinary manner. To make the colour you mean to 
give a country-house, dilute in a large tub a sufficient 
quantity of lime which has been slaked a long time: 
you must dilute, in another tub or pot, some r ochre, 
either yellow or red, or any other mineral colour yon 
please, but always in very clean water; after which, 
pour a little of the colour iuto foe large tub, and stir it 
about with a stick or spatula, so as to mix it well with 
foe lime. Take some of foe colour on a brush and try 
it on a board or wall, and if it be too deep or too light 
add fresh lime or colour from foe tub ; and, by repeated 
trials, you will bring it to foe tint you wish to give the 
house. The colour being made for the body of the 
house, foe frames for foe doors and windows are next 
to be considered, and a new colour chopen to distin- 
guish them from foe rest of foe front. If the body <?f 
the house be painted yellow, or a pale red, the angles 
and frames may be white or blue ; if it be grey, thqy 
may be yellow or deep red ; and in all cases it will be 
a very easy matter to put foe most suitable colour?. 
The plasterers are equal to painting the fronts- of 
houses in a common way; but when builders or pro- 
prietors wish to have them decorated in a superior 
way they must call in a painter, whose business it is 
to do it. 

These paintings in fresco are more lively and more 
brilliant than any other, because foe colours are not 
deadened by size and oil, which do not enter into their 
composition ; their effect is surprising, and that pleasure 
may be had at a little expense. 

Note* 
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Note *— The plater proper to s^rve As a ground for 
fresco painting or colouring, u made of one part lime, 
ao4 Acee parts clean, sharp, washed sand. This part of 
pai ntin g has been executed with great success at Woburn 
Abbey, and other places. It is not very usual to slake 
the lime in England ap long before it is wanted, but it is 
an excellent practice, especially if it be wood-burnt. 


In addition to the elaborate French- work on Pis6, 
there has now been published in the twenty-sdventh . 
volume of the Transactions of the Society of Arts, 
some very useful experiments made in it by Mr. Sal- 
mon, which may be found of great utility to such as , 
propose making any buildings after the pise manner. 


MINING. 


Mining is the art of digging into and penetrating 
the earth beneath its surface, either for the purpose of 
discovering and w orking veins of metallic ores and other 
Valuable substances, or for forming subterranean pas- 
sages for military operations. 

To carry on all tne processes of mining requires the 
combination of very considerable skill in several difficult 
branches of engineering. Most countries in which me- 
tallic veins are found, have the strata under the upper 
soil , consisting of rock of various degrees of hardness, 
it is therefore an essential part of the miner’s art, 
and what indeed particularly distinguishes him from a 
common labourer, to be able to break ground of this 
sort under all the disadvantages of being cramped for 
room, exposed to constant streams of water, and not 
unfrequently to unwholesome air. 

In Cornwall the workmen generally divide the ground, 
or rock, into two general classes, one of which they 
call working-ground, and the other is distinguished by the 
name of shooting-ground \ 

The first class includes all such kinds of rock as may 
be separated or broken by the use only of the pick and 
wedge, which latter is technically called a god. 

The latter denomination is applied to all rock that 
is so hard as to require the use of gunpowder, which is 
bored by tods of steel, and loosened and detached by 
the explosion of the charges rammed into the holes. 

The tools used by the miners of Cornwall and Devon 
are simple, and in their hands very effective ; the form 
of die principal ones is delineated in the annexed en- 
graving (Mining, Plate I.) 

The pick (Fig. 2) is usually of the shape shewn in 
die drawing, but it is varied a little for some purposes, 
or for different kinds of *ock ; the one side is used as a 
hammer, and is called the poll, it serves to drive the 
gads , or to detach and loosen projecting parts ; the 
point is steel, carefully tempered, and drawn under 
the hammer to its proper form, in which considerable 
nicety is required, as one kind of point will not do for 
all kinds of ground. The weights of picks are likewise 


| various according to the situation and circumstances ' 
I in which they are to be used, but are never very heavy, 
as experience has fully shewn diat a rapid succession of 1 
smart blows which may be given by a light tool produces 
more effect than a lesser number from a weighty instru- ' 
ment, which soon tires the workman. 

The gads (Fig. 3) are wedges of steel, which are 
driven into crevices of the rock, or into small openings 
made with the point of the pick, and, in skilful hands, 
they serve to loosen ground of very dense texture. 

The miners shovel (Fig. 4) has a pointed form, 
which is necessary to make it possible to force it into or 
under the coarse and hard fragments of which the 
waste from a mine principally consists. It is furnished 
with a long handle somewhat bent, by which a man's 
power is applied in the most convenient form without 
stooping the body. 

The tools for blasting, or, as it is technically called, • 
shooting , consist of the 

Fig. 


Sledge, or mallet, 7 

Borer, . . . . • 8 

Claying bar, ........ 9 

Needle, or nail, . . . . . . .10 

Scraper, . . . . . . . . .11 

Tamping-bar, . . . . . . .12 


Besides these tools there are required a powder-horn, 
rushes to be filled with powder, occasionally tin car- 
tridges for very wet ground, and paper rubbed with gun- •• 
powder, or sometimes grease, for the snufts or fuses. 

The borer (Fig. 9) is a bar of iron, with a steel end, 
formed like a thick chisel, and is used by one man 
holding k in the hole and constantly turning it round, 
while his comrade strikes the upper end with the iron 
sledge or mallet (Fig. 7). The hole is occasionally 
cleaned out by the scraper (Fig. 11), which is an iron 
rod turned up at one end ; or, if the ground is veiy wet, 
and the hole fills with mud, a stick beat at the extre- 
mity till it forms a kind of brush is used, and is called a 
swab-stick. 

5 T Holes 
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Holes for blasting are generally about one inch and a 
quarter in the bore, and of various depths frotn tea or 
twelve inches to three feet, but these, as well as the po- 
sition and direction in which they are bored, and the 
charge of powder employed, are subject to the skill and 
discretion of the miner. The rules by which he isguided 
are to direct the effort of the explosion to a part of 
the rock which is most easily displaced, and to propor- 
tion the charge to the effect required, so as to shake 
and loosen a larger portion rather than to blow out a 
lesser quantity. 

Fig . 6 serves to explain the process of blasting, and 
represents a section of a hole ready for firing. When 
the hole is bored it must be made as dry as possible ; to 
do which it is partly filled with good tenacious clay and a 
round iron bar, nearly fitting the bore of the hole, but 
somewhat tapering, and called the claying-bar ; this is 
driven in with great violence, which so forces the clay into 
all the crevices of the rock, that when the bar is with- 
drawn, the hole usually remains dry. Where this plan fails 
from the great flow of water all round, it becomes ne- 
cessary to use tin cartridges furnished with a stem or 
tube through which the powder may be inflamed. A 
section, of one of these cartridges is shown in the Plate, 
JFi>. 13. 

When the hole is dry, either by clay, or otherwise, 
the proper charge of gunpowder is introduced, and the 
nail, a small taper rod which ought to be made of 
copper, is inserted, and reaches to the bottom of the 
hole; the bole is then ready to receive the tamping , 
which is the most difficult and dangerous part of the 
process. It is by this that the gunpowder is confined, 
and the effect produced ; different substances are in use 
for ramming into the hole for this fpurpose ; that most 
usually employed is any soft kind of rock, which is free 
from quartz or flinty matter. Small quantifies at a time 
are introduced into the bole, and rammed veiy hard by 
the tamping-bar, which is held by one man, and struck 
with a sledge by another ; this is continued until the hole 
is filled up, and the nail being then drawn out by putting 
a bar through the eye, and striking it upward, leaves a 
small perforation or vent for the rush which conveys the 
fire. 

The danger of 'beating the tamping with iron tools in 
hard rock, and the many dreadful accidents that fre- 
quently happen in this operation, have led to the intro- 
duction of contrivances to diminish the risk ; but though 
some of these have been well adapted for the purpose, 
yet, as they occasion a little more trouble, they have not 
been generally adopted by the miner. The simplest and 
best precaution against danger is to have the nail of 
copper instead of iron, but as the former is not so 
easily made or repaired by the smiths on a mine as the 
latter, they are not so well liked by the workmen. 

The other modes of preventing danger in tamping is 
by employing substances to confine the gunpowder which 
require little or no force in beating them into the hole, 
and as dry sand will often serve the purpose if the rock 
is not very hard it may be sometimes used ; but them 


are many cases in mines where it will not succeed, and 
therefore it is seldom attempted* A bettor substance to 
confine gunpowder in holes is good tough clay, and tins 
will answer in many cases where sand Will fail particu- 
larly in wet ground, or in holes dial are ineKned up- 
wards, it will produce the proper effect in all but very 
hard rocks, and if the men could be induced to Use 
it would undoubtedly tend to the saving many lives. 

When the tamping is completely rammed in, and the 
nail drawn out, a small vent or touch-hole remains, 
which is to receive die rush to communicate the fire. 
Any small tube filled with gunpowder will answer for 
this purpose, but nothing is better or more easily pre- 
pared than those in common use. For this purpose, 
the green rushes which grow in wet marsh lands are 
chosen, and are selected as long and large as can be 
had. By making a slit in one side and drawing along 
in it the sharp end of a piece of stick, the pith may be 
taken out very completely, and from the elasticity of 
the skin of the rush the slit closes again. To fill this 
tube with gunpowder, the rush is held in one hand so 
as to pass through a small quantity of powder retained 
in the palm of the hand, and by opening die slit with a 
small wedge and pushing the rush along through the 
powder at the same time, it is made to embrace a quan- 
tity sufficient to communicate inflammation. 

To fire the hole, one of these charged rushes is 
dropped through the veot, and is made steady by a piece 
of clay ; a paper snuft is then fixed to the top, which is 
so adjusted as to bum a sufficient time to permit the man 
who fires it to retreat to a proper distance. 

Fig . 6 represents a section of a charged hole in a 
rock. The portion which would be dislodged by the 
explosion is that part included between A and B. The 
charge of powder is shewn by the white part, which 
reaches as high in the hole as C : from that point to 
the surface of the rock the hole is filled with tamping, 
excepting the small orifice which contains the rush, ami 
which has the snuff affixed at D. 

Fig . 14 is a drawing of a wheelbarrow, such as is 
used under-ground for conveying ore and waste to the 
shafts : these barrows are very simple in their construc- 
tion, and adapted to the narrow and low levels through 
which they have to pass. They are usually made all of 
deal, this timber being lightest and most fitted to* the 
purpose. The wheel has a narrow band of iron round 
it 

Fig. 5 is an iron bucket, or, as it is called in Corn- 
wall, a kibble, and is used for holding the ore and 
waste while it is drawn up the shafts by machines, 
worked by horses, called whims. Kibbles are generally 
made of wood, having very stout staves, very strongly 
bound with heavy iron binds or hoops, but as those 
made with iron plates are to be preferred, and need not 
much exceed the others in weight, we are glad to be 
able to exhibit a drawing of one of the latter of an ap- 
proved form and construction. 

A kibble, such as is used with horse-whims, holds 
about three hundred* weight of ore, and one hundred 

and 


Digitized by t^ooQle 



MINING. 


■ad twenty kibble* will jot clear e cebic fathom of 
■web. 

Minors* work ne d er g rou n d is d ri e fl y divided ia*o 
«nkaef> driving, and stooping. 

Sinking is applied to shafts, and to other smaller per- 
pendkadar openings from one level to another, usually 
called wines. 

Shafts are of different dimensions according to the 
purposes they are designed for ; die largest kind is the 
engine-shaft, in which are generally placed the pumps 
for draining the mine of water, the ladders for the men, 
and a port divided off 'and called ths whim-shaft, for 
the kibbles to pssB up &od duvMi«' ’ ■ JP late 11 ( M inino) 
will be found to represent a perspective view of a part 
of the interior of one of these shafts. . 

A good engine-shaft measures about eight feet by 
twelve, though some are sunk of larger dimensions. 
Shafts intended only for hauling ores through, and those 
for air and foot-ways, may be aboat six feet by four. 

In huge shafts, a set of twelve men are usually em- 
ployed ; in smaller ones, eight, or even six, are a suffi- 
cient complement to keep the work going. They work 
two or three at a time, and relieve each other every six 
or eight boors, keeping good the whole twenty-four 
without inter mission. The miners are attended by la- 
bourers, or wmao-men, who haul op the stuff out of 
heir way as it is broken. 

- Sinking k contracted for by die fathom in depth, and 
the price therefore varies according to die dimensions of 
the shaft as well as according to the hardness of the 
ground, and the circumstances relating to water, air, &c. 
A medium price is about a fathom for shafts at 
some depth from the surface, but some have cost <£80, 
and others are executed as low as £6. 

Driving is the term applied to the execution of hori- 
zontal passages, which are called adi/s when used for the 
conveyance of water near the surface, and levels when 
made for opening die lode or vein, and forming com- 
munications from one shaft to another under-ground, 
levels ought to be seven feet in height, and two feet 
and a half wide ; by constructing them as high as this, 
room is given to admit contrivances for ventilation, so 
dm! they may be continued to considerable lengths 
without inconvenience. More than two miners cannot 
work at one tune on the end of a level, and the set of 
men therefore employed may consist of six, relieving 
every eight hours, or of four relieving twice in the 
twenty-four hoars, or two men only, who may work as 
long as circumstances will permit. Driving is- paid for 
by the fathom in length, the height and width being 
limited ; a great variation of prices takes place according 
as the rock is hard or soft, as work of mis sort is done 
from 10s. a fathom to <£30, but about £5 a fathom is 
the most usual sum paid for this kind of work. These 
prices here, as well as in sinking shafts, include every 
expense, as the men pay for their tools, candles, and 
gunpowder, and likewise are charged with the wheeling 
the stuff, and hauling k to the surface. 

Stooping is that kind of work which k not included 




in sinking or driving, bat, mere generally means the 
bmakidg away the ground' between the levels on the 
course of the lode or vein, to get the ore. When the 
men work over head, it is called itoaping the backs, 
and when the work is carried downwards it k deno- 
minated stooping the bottoms . , Af both these opera- 
tions usually take place where ore k obtained, the mode 
of payment is quite different from that in sinking or 
chiving, and is here called tribute work, while the other 
is called tutwork . Tribute means payment by a pro- 
portion of the produce, so that the men agree to under- 
take a particular piece of ground for a certain part of 
the value of the ore they may procure, when completely 
merchantable and fit for sale, every operation and pro* 
cess to make it so being conducted at their expense. 
This mode of contracting k of great advantage to the 
owners of the mine, as the men have a constant interest 
concurring with that of their employers, in discovering 
and procuring the greatest possible quantities of ore, 
and of returning k in the best and cheapest manner. 
The proportion paid to the miner, varies, of course, 
exceedingly, as many things must be taken into account 
in estimating a fair tribute for any particular part of a 
mine, but the contracts are made at so much out of 
every pound’s worth sold, and this fluctuates often, in 
different parts of the same mine from three-pence to 
fourteen shillings. Nothing shews the necessity of a 
mine being in the hands of skilful and honourable 
managers more than the great variation ini the prices 
of all kinds of work carried on in these extensive under- 
takings. 

We proceed to describe the parts of an engine-shaft, 
as they appear delineated in the annexed engraving 
(Mining, Plate II). 

AAAA. Timber-framing put in to support the 
ground, where, from the rock not being su ffi c i e n t l y 
hard to stand securely, this precaution becomes neces- 
sary. Where boarding k required, the planks are driven 
perpendicularly between the transverse timber and the 
ground. 

BBBB are dividing-pieces, or beams thrown cross the 
shaft They serve to support the sides of the shaft, to 
attach the casing-boards to, which part off the whim- 
shaft from the foot-way and pomp, or engine-shaft 
(it being (usual to consider a large shaft of this kind as 
divided into the three lunch, each bearing its particular 
name). And, lastly, the dividing-pieces support the 
ends of the bearers which carry the pumps, ladders, &c. 

CCCC. Casing-boards which part off the whim- 
shaft from the other ports : they are stout planks se- 
curely spiked to the dividipg-pieces, and when the shaft 
is not perpendicular, the kibble slides upon them. 

D. The whim-kibble which conveys up the ore and 
waste, two of which are employed in a shaft, one going 
np while the other goes down. 

EF. Ladders for the workmen, forming what is 
usually called the foot-way. 

G. Sailer, a smell platform at the foot of each 
ladder. 


H. A column 
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H. A column of pumps drawing out of a eastern 
K, which is supplied by a lower tier of pumps I, fur- 
nished at the top with a collar launder J, which deli- 
vers into the cistern, which likewise receives the stream 
flowing from the level at L. v 

M, a set off which connects th e pump rods, so that 
one set goes into the column I, and another is conti- 
nued lower to a deeper lift of pumps. 

NNNN, bearers, jor timber beams, which support 
the pumps and keep them steady in their places. 

The ventilation of mines is so important a subject 
that we insert at length the following account of a ma- 
chine invented and applied to that purpose by Mr. 
Taylor, late the manager of the principal copper mines, 
in Devon; and for which lie received the silver medal 
from the Society for the Encouragement of Arts, Ma- j 
rrafactures, and Commerce. 

<c Next in importance to the means employed for 
draining undeiground works from water, may be 
reckoned those which are intended to afford a supply 
of pure air, sufficient to enable the workmen to conti- 
nue their operations with ease and safety to themselves, 
and to keep up, undiminished, the artificial light upon 
which they depend. It is well known, indeed, to all 
who are practically engaged in concerns of this kind, 
that men are frequently obliged to persevere in their 
labour, where a candle will scarcely burn, and where 
not only their own health materially suffers in the end, 
but their employers are put to considerable additional 
expense by the unavoidable hinderance and the waste of 
candles and other materials. 

“ The following remarks are confined to such mines 
as are worked upon metalliferous veins, according to the 
practice of this district, and that of the great seat of 
mining in the neighbouring county of Cornwall, from 
which indeed ours is borrowed. We find then that a 
single shaft, not communicating by levels to another, 
can hardly be sunk to any considerable depth, nor can 
a level (or, as the foreign miners call it, a gallery) be 
driven horizontally to any great distance, without some 
contrivance for procuring currents of air to make up the 
deficiency of oxygen, which is so rapidly consumed by 
respiration and combustion in situations like these, 
where otherwise the whole remains in nearly a stagnant 
condition. 

u We are here unacquainted with die rapid production 
of those gases which occasionally in the collieries are 
the cause of such dreadful effects ; such as hydrogen 
gas, or the fire-damp, carbonic acid, or the choke- 
damp ; the inconvenience we experience takes place 
gradually as we recede from the openings to the at- 
mosphere, and seems to arise solely from the causes 
which have been before assigned, though it is found to 
come on more rapidly in certain situations thaniu others. 

“ The most obvious remedy, and that which is most 
frequently resorted to, is the opening a communication 
either to some other part of the mine, or to the surface 
itself; and as soon as this is . done, the venation is 
fonnd to be complete, by the currents which immedi- 


ately take plabe, often with considerable force, fr 6 m: 
the different degrees of temperature k the subterraiMa: 
and upper atmospheces ; mA these cttfreatii may be 
observed to change their direobens in the tsmperatgies 
alternate. •• 1 

“ The great objection to- this, mode of cunag the 
evil is, the enormous expense with which it k most 
commonly attended. In 'driving . « long level,- or teu- 
nel, for instance, it may happen tobeat a great depth 
under the surface, and the intervening rock of great 
hardness ; in such a case every shaft which must be 
sunk upon it for air* alone, * where not required (aa often 
they might not) to \ draw up the waste, would oast; 
several hundred pounda$:or hi sinking a shaft it ntay 
be necessary, at an expense not much less, to drive a> 
level to it from some other for this purpose alone. * 

“ To avoid das, recourse has been had taidividhg 
the shaft or level into two distinct-parts, comraumcatag : 
near the part intended to be ventilated, se that a current 
may be produced in opposite directions on each side 
the partition ; and this, where room is to bespared for * 
it, is often effectual tb a certain extent. It k found, 
however, to have its limits at no very great distance, 
and the current at best is but a feeble one, from ibe > 
nearly equal states -of heat in the air on each nde> The r 
only scheme besides these has hitherto been to force 
down a volume of purer air, through a system of pipes 
placed for the purpose, and a variety of contrivances 
has been devised for effecting this; most of them are; 
so old that they may be found described in Agricota’s . 
work De Re Met allied. The most common tie by 
bellows worked by hand; by boxes or cylinder* of ya-, 
rious forms placed on the surface with a large opening . 
against the wind, and a smaller one communicating; 
with the air-pipes by a cylinder and piston workh^in 
it, which when driven by a sufficient force baa great 
power. But the cheapest and most effectual scheme, 
for this purpose, where circumstances will admitof its 
being applied, is one which wa 9 adopted 00016111116 
since , in the tunnel of the Tavistock canaL it is by 
applying the fall of a stream of water for this purpose, 
and it has been long known that a blast of coaaideabk: 
strength may be obtained in this manner, which baa 
the advantage of bring constant and self-acting. • The* 
stream being turned down a perpendicular column of * 
pipes, dashes in at a vessel 60 contrived as to let off' 
the water one way, with an opening at another part 1 
for the air, which being pressed into it by the foiling 
water, may be conveyed in any direction, and will {mss 
through air-pipes with a strong current, which will be 
found efficacious in veutilating mines in many instance^ 
as it has likewise, in some cases, been sufficient for. 
tuging the intensity of fires for the purposes of tk 
forge. It is easily procured where a sufficient foil k . 
to be had; and the perpendicular column can be so 
fixed as that the water from the bottom may pass off, 
while the air is forced into a pipe branching from the 
air-vessel, and which is to be continued to the part of 
the mine whflre the supply of fresh air is required. 

“'it 
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^ 4mo i)m( As flweicg ihto 

titiAed air « dm of that which is putter, emi 
mket As be* means are wed, though t mea sur e which 
iffbrdfe relief, is not, fa bad cases, a complete remedy ; 
tad, tfafe tbs Operation depends os ma ti oal labour, 
or any means that a is not tmrs mi ttt d in tfasir actios, it 
becomes quite i n effe ct ual The foul air, charged with 
As smoke of gnnpownfer used in Masting, and which 
it atrotigly retains, is certainly meliorated by the 
ifttetare of pure air, but is not removed. While the 
Mast continues, some of it is driven into the other 
parts of the mine; but when the influx of pare air 
ceases, it returns again : or if during the influx of pure 
air a fresh volume of smoke be produced by explosions, 
which are tonstatitty taking place, it is not until some 
time a fte rwa r d s that it becomes sufficiently attenuated 
for the Workmen to resume their stations with comfort 
K A consideration of these circumstances led me to 
the suppos i tion that the usual operation of ventilating 
engines ought to be reversed, to afford all the ad- 
vantages that could be desired ; that instead of using the 
machines which serve *s condensers, exhausters should 
be adopted; and thus, instead of forcing pure air 
into that in a Vitiated state, a complete remedy could 
only be had by pumping out all that was impure as fast 
as if became so. 


* € Many modes of doing this suggested themselves, 
by the alteration of the machines commonly applied, 
and by producing an ascending stream of air through 
pipes by a foresee constructed for the purpose. The 
latter mode would, however, have been here expensive in 
foe) as Well as in attendance ; and the others, required 
power to overcome die friction of pistons, and so on, 
or considerable accuracy in construction. 

a At length the machine was erected of which the 
annexed is a drawing ; which, while it is so simple in 
construction, and requires so small an expense # of 
power, is so complete in its operation, and its parts 
are so fittle liable to be injured by wear, that nothing 
more can be desired where such an one is applied. 
This engine bears considerable resemblance to Mr. 
Pepys’s gasometer, though this did not occur to the 
inventor until after it was put t6 work. It will readily 
be understood by an inspection of the engraving, PL I IL, 
where the shaft of the mine is represented at A ; and it 
may here be observed, that the machine will be as 
well placed at the bottom of the shaft as at the top, 
and that m either case it is proper to fix it upon a 
floor, which may prevent the return of the foul air 
into the mine, after being discharged from the ex- 
hauster: this floor may be furnished with a trap-door, 
to be opened occasionally for the passage of buckets 
thrdoriiit 

* B, the air-pipe*from the mine passing through the 
bottom of the fixed vessel pr cylinder C, which is 
formed of timber and bound with iron hoops ; this is 
filled with water nearly to the top of the pipe B, on 
which is fixed a valve opening upwards at D. 

“ E, the air, or exhausting-cylinder made of cast-iron, 


open nr tite bottom «*d mpebtm mr the tiNpip* 
femtereed some way in the water. It is ffemhSied wm 
k wooden top, fa which is art dptttfag fitted Wiffi 4 
valve likewise opening upwards at P. 

“ The exhausring^cylintler has its ihoHott tip &At) dOWti 
given to it by the bob G, connected t6 atty ehgfhe bt 
the horizontal rod H, end the Weight of the cylinder m 
balanced, if necessary, by thfc counterpoise I. 

" The action is obvious.-^Whett the ekhattSting-cys. 
Under is raised, a vacuum Would be produced. Or father 
the water Would likewise be raised in it, were it not for 
the stream of air from the mine rushing through the 
pipe and valve D. As soon at the cylinder begins tb 
d e s c e nd, this valve closes, and prevents the return of 
the air Which is discharged through the valve F. 

“ The quantity of air exhausted is cakdaied Of Course 
from the area of the bore of the cylinder, and the length 
of the stroke. 

u The dimensions which have been found sufficient 
for large works, are as follow 

“ The bore of the exhausting-cylinder two feet. 

11 The length six fret, so as to afford a stroke Of four 
fret. 

" The pipes Which conduct the air to Such aU en- 
gine ought not to be less than six-inch bore. 

" The best rate of working is from two to thtefe 
: strokes a minute ; but if required to go muth foster, it 
will be proper to adapt a Capacious air- vessel to tlii 
| pipes near the machine, which will equalize the current 
! pressing through them. 

Such an engine discharges more than two hundred 
gallons of air m a minute ; and I have found that k 
stream of Water supplied by an inch and a half bore falling 
twelve fret, is sufficient to keep it regularly working. 

n A small engine to pump out two gallons at i 
stroke, which would be sufficient hr many cases, could 
be worked by a power equal to raising a Very feW 
pounds weight, as the Whole machine may be put into 
complete equilibrium before it begins to work, and there 
is hardly any other friction to overcome but that Of the 
air passing through the pipes. 

u The end of the tunnel of the Tavistock CaHaf, 
which it was my object to ventilate, was driven into the 
hHl to a distance of nearly three hundred yards from any 
opening to the surface ; and being at a depth of ond 
hundred and twenty yards, and all m hard sChistu&rock, 
air-shafts Would have been attended With aU ertorwouf 
expense; so that the tunnel being a long one,, it was 
most desirable to sink as fe\V as possible, and, of CoUrsC, 
at considerable distances from each other. Thus a' 
ventilating machine was required, which should act with 
sufficient force through a length of nearly half a mile ; • 
and on the side of the hill where it first bechme neces- 
sary to apply it, no larger Stream of water to give it 4 
motion could be relied on, than such an One as is men-' 
tioned after the description of the engine, and even that 
flowed at a distance from the shaft where the engine 
was to be fixed ; which made a considerable length of 
connexion-rods necessary. 

5 U “ Within 
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u 'Within a very short time after the engine began to 
work, the superiority of its action over those formerly 
employed was abundantly evident. The whole extent 
of the tunnel, tfhich had been uninterruptedly clouded 
with smoke for some months before, and whtdi the air 
that was forced in never could drive out, now, became 
speedily so clear, that the day-light and even objects at 
its mouth were distinctly 'seen from its furthest end. 
After blowing up the rock, the miners could instantly 
return to the place where they were employed, unim- 
peded, by the smoke, of which no appearance would re- 
main under-ground in a very few minutes, while it 
might be seen to be discharged in gusts, from the valve 
at the top of the shaft. The constant current into the 
pipe, at the same time effectually prevented the accu- 
mulation of air unfit for respiration. The influx of air, 
from the level into the mouth of the pipe, rushes with 
such force as instantly to extinguish the flame of. a large 
candle ; and any substance applied, so as to stop the 
orifice, is held tight by the outward pressure. 

“ It is now more than two years since the machine 
was erected, and it has been uninterruptedly at work 
ever since, and without repair. The length of the tun- 
nel has been nearly doubled, and the pipes, of course, 
In the same proportion, and no want of ventilatioii is 
yet perceptible. 

u Two similar engines have been since constructed for 
other parts of the same tunnel, and have in eveiy respect 
answered the purpose for which they were designed. 

“ The original one is worked by the small stream of 
water before-mentioned, by means of a light overshot- 
wheel twelve feet in diameter, and about six inches in 
breast — The two others are attached, tri the great over- 
shot-wheel which pumps the water from the shafts 
which are sinking upon the fine ; and as their friction is 
comparatively nothing, this may be done in any case, 
with so little waste of power for this purpose as not to 
be an object of consideration, even if the power be de- 
rived from more expensive means. 

“ The size of the exhauster may always be propor- 
tioned to the demand for air ; and by a due considera- 
tion of this circumstance, this engine may be effectually 
adapted not only to mines and collieries, but also to 
manufactories, work-houses, hospitals, prisons, ships, 
and so on. 

44 Thus, if it were required to ventilate a shaft of a 
mine, or a single level, which is most frequently the 
case, where three men are at work at ode time, and we 
allow that those three men vitiate each twenty-seven 
and a half cubic inches of air per minute (as deter- 
mined' by the experiments of Messrs. Allen and Pepys), 
and allowing further that their candles vitiate as much 
a* the men, there will be six times twenty-seven and a 
half cubic inches of air to be drawn out in a minute, 
equal to one hundred and sixty-five. 

4t Now a cylinder five inches in diameter, working 
with a stroke at nine inches, will effect this by one 
stroke in a minute; though it would certainly be ad- 
visable to make it larger. 


“ Not being practically acquainted with collieries, or 
mines that suffer from peculiar gases that are .pmdoced 
in them, I cannot state, from actual, experiment, what 
effect this machine might have . in relieving them ; but 
it must appear evident to eyery person at all acquainted 
with the first principles of pneumatics, that it must do 
all that can be wished, as it is obvious that such a ma- 
chine must in a given time pump out the whole volume 
of air contained in a given space, and thus change an 
impure atmosphere for a better one. And in construct- 
ing the machine it is only necessary to estimate the vo- 
lume of gas produced in a certain time, or tbe capacity 
of the whole space to be ventilated. It is easy to judge 
how much more this must do for such cases as these, 
than such schemes as have lately beeu proposed of ex- 
citing jets of water, or slaking lime, Jt>oth of which 
projects, likewise, must fail when applied ; as one of 
them has when applied to tbe case of hydrogen gas. 
But with such a machine as this, if the dreadful effects 
of explosions of this air are to be counteracted, it may 
be done by one of sufficient size to draw off the air as 
fast as it is generated ; and by carrying tbe pipes into the 
elevated parts of the mine, where from its lightness it 
would collect. If, on the other hand, it is desired to 
free any subterraneous work from the carbonic acid gas, 
it may as certainly be done by suffering the pipe to ter- 
minate in the lower parts, where this air would be di- 
rected by its gravity. 

“ In workhouses, hospitals, manufactories, &c^ it is 
always easy to calculate the quantity of air contained in 
any room, or number of rooms, and easy to estimate 
how often it is desirable to change this in a certain 
number of hours, and to adjust the size and velocity of 
the engine accordingly. Where this change of fool air 
for pure is to take place in the night, means for working 
tbe machine may be provided by pumping up a quantity 
of water into a reservoir of sufficient height to admit of 
its flowing out during the night in a small stream, with 
sufficient fall, so as to give motion to the engine ; or by 
winding up a weight of sufficient size, or by many other 
means which are easily devised. 

’ “ If, for instance, a room in whicl^ fifty persons slept 
was eighty feet long, twenty wide, and ten high, it 
would contain 16,000 cubic feet of air, and if this was 
to be removed twice in eight hours, it would require a 
cylinder of thirty inches diameter, working with a four- 
feet stroke four times in a minute, to do it ; or nearly 
that. Such a cylinder could be worked by the descent 
of ten gallons of water ten feet in a minute; .or, for 
the whole time, by eighty hogsheads falling the same 
height. 

“ But this is avast deal more than could be required, 
as the fifty people would iu eight hours vitiate only three 
thousand gallons of air, which codd be removed by one 
hundred and fifty strokes . of a cylinder, twelve inches 
diameter, with a four feet stroke, which 'would not re- 
quire an expenditure of mpre than one thousand five 
hundred gallous of water properly applied, or about 
twenty-eight hogsheads.” * 
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Models, in imitation of any natural or artificial 
substance, are moat usually made by means of moulds, 
composed of plaster of Paris. For the purpose of 
moling these moulds, this kind of plaster is more fit 
than any other substance, on account of the power it 
has of absorbing water, and quickly condensing into a 
hard substance, even after it has been reudered so thin 
as to be of the consistence of cream. It is sold in the 
shops at different prices ; the finest being made use of 
for casts, and the middling sort for moulds. It may 
be very easily coloured by means of almost any kind of 
powder excepting what contains an alkaline salt; for 
this would chemically decompose it, and render it unfit 
for use. Avery considerable quantity of chalk would 
also render it soft and useless, but lime hardens it to a 
great degree. The addition of common size will render 
it much harder than if mere water is made use of. In 
making either moulds or models, we must be careful 
not to make the mixture too thick at first ; for if this is 
done, and more water added to thin it, the composition 
will always prove brittle and of a bad quality. 

The particular manner of making models depends on 
the form of the subject to be taken. The process is 
easy, where the parts are elevated only in a slight 
degree, or where they form only a right or obtuse 
angle with the principal surface from which they pro- 
ject; but where the parts project in smaller angles, or 
from curves inclined towards the principal surface, the 
work is more difficult. This observation, however, 
holds good only with regard to hard and inflexible bo- 
dies. 

The moulds are to be made of various degrees of 
thickness, according to the size of the model to be 
cast; and may be from half an ioch to an inch, or, if 
my large, au inch and an half. Where a number of 
models are to be taken from one mould, it will likewise 
be necessary to have it of a stronger contexture than 
where only a few are required, for very obvious reasons. 
When a model is to be taken, the surface of the origi- 
nal is first to be greased, in order to prevent the plaster 
from sticking to it ; but if the substance itself is slip- 
pery, as is the case with the internal parts of the human 
body, this need not be done : when necessary, it may 
be laid over with linseed oil by means of a painter’s 
brush. The original is then to be laid on a smooth 
table, previously greased or covered with a cloth, to 
prevent the plaster sticking to it; then surround the 
original with a frame or ridge of glaziers’ putty, at such 
a distance from it as will admit the plaster to rest upon 
the table on all sides of the subject for about an inch, 


or as much as is sufficient to give the proper degree of 
strength to the mould. A sufficient quantity of plaster 
is then to be poured as uniformly as possible over the 
whole substance, until it be every where covered to 
such a thickness as to give a proper substance to the 
mould, which may vary in proportion to the size. The 
whole must then be suffered to remain in this condition 
till the plaster has attained its hardness ; when the 
frame is taken away, the mould may be inverted, and 
the subject removed from it ; and when the plaster is 
thoroughly dry let it be well seasoned. 

Having formed and seasoned the moulds, they must 
next be prepared for the casts by greasing the inside of 
them with a mixture of olive-od and lard in equal 
parts, and then filled with fine fluid plaster, and die 
plane of the mould formed by its resting on die surface 
of the table covered to a sufficient thickness with coarse 
plaster, to form a strong basis or support for the cast 
where this support is requisite, as is particularly the 
case where the thin and membranous parts of the body 
are to be represented. After the plaster is poured into 
the mould, it must be suffered to stand until it has ac- 
quired the greatest degree of hardness it will receive ; 
after vthich the mould must be removed : but this will 
be attended with some difficulty when the shape of the 
subject is unfavourable ; and m some cases the mould 
must be separated by means of a small mallet and 
chisel. If, by these instruments, any parts of the model 
should be broken off, they may be cemented by making 
the two surfaces to be applied to each other quite wet, 
then interposing betwixt them a little liquid plaster; 
and, lastly, the joint smoothed after being thoroughly 
dry. Any small holes that may be made in the mould 
can be filled up with liquid plaster, after the sides of 
them have been thoroughly wetted, and smoothed over 
with the edge of a knife. 

Besides models which are taken from inanimate bo- 
dies, it is often necessary to take the exact resemblance 
of people while living, by using the face itself as a 
model, from whence to take a mould. The operation 
is, undoubtedly, disagreeable, yet it is what many per- 
sons of the highest rank have submitted to. There is 
also some danger unless the operator understands his 
business welll It may, however, be performed with-* 
out die smallest risque, and in a few minutes, by (hose 
who are conversant with modelling. The person from 
whom the cast is to be taken is to be laid horizontally 
on his back, with the head raised to the exact position 
in which it is naturally carried when the body is erect ; 
then the parts to be represented must be covered over 
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with oil of dmonds, after which the face is then to be j 
covered with fine fluid plaster, beginning at die upper 
part of the forehead, and spreading it over the eyes, 
which are to be kept dose, yet not closed so strongly as 
to cause any unnatural wrinkles. Cover then the nose 
and ears, taking care to plug up first the “ meatus au- 
ditorii” with cotton, and the nostrils with a small quan- ' 
tity of tow rolled up, of a proper size, to exclude the 
plaster. During the time the nose is thus stopped, the 
person is to . breathe through the mouth ; and in this 
state die fluid plaster is to be brought down low enough 
tp cover the upper lip, observing to leave the rolls of 
tpw projecting out of the plaster. When diis becomes 
sufficiently hard, die tow may be withdrawn, and the 
nostrils left free and open for breathing. The mouth is 
then to be closed in its natural position, *and the plaster 
brought to the extremity of the chin. Begin then to 
cover that part of the breast which is to be represented, 
and spread the plaster to the outsides of the arms and 
upwards, in such a manner as to meet and join that 
which is previously laid on the face : when the whole 
has acquired its due hardness, it is to be cautiously 
up and removed. After this, the mould is to be 
seasoned, and it is fit for casting of models. In die 
model* the eyes, that are necessarily shown closed, are 
to be carved, so that thp eyelids may be represented in 
an elevated posture, the nostrils hollowed out, and the 
ba^k part of the head, from which, on account of die 
hair, no, mould can be taken, must be finished accord- 
ing ta the skill of the artist The edges of the model 
are then to be neatly smoothed off* and the bust fixed 
on its pedestal. 

We shall now give some account of modelling as h 
refers to sculpture. As not only the beginning of 
sculpture was in clay, for the purpose of forming sta- 
tu^, 1 but as models are still made in clay or wax, for 
every work undertaken by the sculptor ; we shall first 
consider the meth&d of modelling figures in clay or 
wax. / 

Few tools are necessary for modelling in clay. The 
Clay being placed on a stand, or sculptor’s easel, the 
artist begins the work with his hands, and puts the 
whole into form by the same means. The most expert 
practitioners of this art seldom use any other tool than 
their fingers, except in such small or sharp parts of 
their. work as the fingers cannot reach. For these oc- 
casions they are provided with three or four small tools 
of wood, about seven Or eight inches in length, which 
are rounded at one end, and, at the other they are flat, 
and shaped into a sort of claws. These tools are called, 
by the French, ebauchoirs. In some of these the 
claws are smooth, for the purpose of smoothing the 
surface of the model ; and, in others, they are made with 
teeth, to rake or scratch the clay, which is the first 
process of the tool on the work, an d in which state many 
puts of the model are frequently left by artists, to give 
an appearance of freedom ?nd skill to their work. 

If day could be made to preserve its original 
amsture, it would undoubtedly be the fittest substance 


for the models of the sculptor ; but when it is placed 
either in the fire, or left to dry imperceptibly in the air, 
its solid parts grow more compact, and the work 
shrinks, or loses a part of its dimensions. This dimi- 
nution in size would be of no consequence, if it affected 
the whole work equally, so as to preserve its propor- 
tions. But this is not always the case, for the smaller 
parts of the figure drying sooner than the laiger, and 
thus losing more of their dimensions in the same space 
of time than the latter do, the .symmetry and propor- 
tions of the work mevitably' suffer. 

This inco n ve n ience, however, is obviated fay fo t afag 
die model first in clay, and moulding it in plaster of 
Paris before it begins to dry, and the taking a piaster 
cast from that mould, and the repairing it carefuHj 
from the original work ;* by which means yon have the 
exact counterpart of the model in its most perfect state; 
and you have, besides, your day at liberty for aay 
other work. 

In order to model in wax, you must prepare the WH 
in the following manner : — To a pound of wax add half 
a pound of scammony (some mix turpentine also), and 
melt the whole together with oil of dives; putting 
more or less ofl as you would have your modelling-wax 
harder or softer. Vermilion is sometimes mixed with 
this composition, to give it a reddish colour. In imita- 
tion of flesh. 

In modelling in Wax, the artist so metim e s uses his 
fingers, and sometimes took of the same sort as those 
described for modelling in day. It is at first more dif- 
ficult to model in wax than in day, but practice will 
render it familiar hnd easy. 

Of the Use of the model — Whatever considerable 
work is undertaken by the sculptor, whether bas-relief, or 
statue, &c., it is always remiisite to form a previous 
model df the same size as the intended work ; and the 
model being perfected, according to die method before 
described, whether it is in clay, or in wax, or a Cast in 
plaster of Paris, becomes the rule, whereby the artist guides 
himself in the conduct of his work, and the standard 
from which he takes all its measurements. In order to 
regulate himself more correctly by it, he puts over the 
head of the model an immovable circle, divided info 
degrees, with a movable rule fastened in the centre of 
the circle, and likewise divided into parts. « From the 
extremity oL the rule hangs a line with a lead, which 
directs him in taking all the points which are to be 
transferred from the model tp the marble ; and from the 
top of the marble is hung also a line, tallying with that 
which is hung from the model ; by the correspo nd ence 
of which two lines the points are ascertained in the 
marble. 

Many eminent sculptors prefer measurements* taken 
by the compasses to the method just described ; for this 
reason, that if the model is moved but ever so little 
from its level, the points are no longer the same. 

This method, however, offers the be6t means, by 
which mechanical precision may be attained ; but it is 
manifest, that enough yet remains to exercise and do- 
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jiiuy the tgeSMsrerid MM 4t AeMtt, Ifor; Mt, m it | bnt eyeiy cottage, bridge, torrent, read; and even every 
u bopossMa, bjdwiMM of <• Mraight line, to deter- j path is distinctly marked. 

■ne taith tpren aiouqfei preoedure of « eerve, tbeartist j The prinoipal material employed in the construction 
derives from this method no certain vole to guide him of this extraordinary model, is a mixture df charcoal, 
a ashen as >fia lias ‘tririch he is to describe dwiates hme, clay, a Hide pitch, with a thin coat of warn ; and it 
bom dee i d h nat ion wfthe p h un bdine. It 4s dao-evi- is so hard that it may be trod upon without any damage; 
dent, Shot 'this ‘method gfords no oertam rule ‘to deter- It was begun in the year 1766, at which time the Ge- 
.nsnr exactly the proportion which the unions: parts of neral was about fifty years of age, and it employed 
tba figure -ought to /War to 'each-other, considered in him till the month of August 1785 ; during all which 
then mutual 1 rUlarion and eeaoexions. This defect, long 'Space of time -he was employed 'in the nrtwt 
i ndeed, may be partly supplied by intereecUng the laborious and even dangerous tasks. He raised the 
phenbdhms by boriecwtal ones; hut even this resource plans with his own hands on 'die spot, took the de- 
bar its a h cw wma enaea , since die squares formed by vation of monntains, and laid them down in- their 
transseraal dnea diet «m ta a distance from the figure several proportions. In the prosecution of this labo- 
(thnugh they asm ewetly equal), yet represent the rions employment, he was twice arrested -for a spy; 
puts -of the figure as greater or -smaller, acco rd ing and in the popular cantons was frequently forced to 
m t he y > a re mure or less removed from one point of work by moon-Hght, in order to avoid die jealousy of 
vjnw. - the peasants, who imagined that ’their liberty would he 

The method <of tanking 'models ’in plaster of endangered should a plan of their country he taken 
Jfcrir is undoubtedly the most easy way of Obtaining with such minnte exactness. Being obliged frequently 
them. When models, however, are made of such to remain on the tops of seme of . the 1 Alps, where no 
Ixuredl^uots'tfcs t' t hc mo dal itself must be of -consider- previsions could be procured, he took along with him 
aim sine, 'k tsinrosin- to attempt making it in 'the way a few milch goats, -who supplied him with nourish- 
above described. $Udh«tnodeh most be constructed by ment. When any part was finished, he -sent for the 
the hi id with some soft substance, as iwm, day, people residing near the spot, and desired tbem to ea- 
pUSty, toe*, and Vt 'being wecnsMry to keep uMtbe pro- anrine 'each mountain with accuracy, whether It cor- ' 
portions with mafe umm cal ex ac tn es s, the -construction responded, as far as the smallness of the <aaale wotdd 
of a single model of this kind must be a work of great admit, with, its natnral appearance; and then, by lire- 
la h wnrn n d S to pdu s e , ss well «na of time. Gfall those quently retouching, corr e ct e d the deficiencies. Essen 
triads tore been ‘ un der tak an hy 'human industry, how-' rifter the modd was. finished, ’he continued his Alpine 
es«r, *pbriMps ‘the most remarkable is 'that constructed expeditions with die same ardour as ever, and with a 
by General' Fsei ffer, to 'represent the vnountaineuB parts degree efvigourtfaat would have fatigued amucb younger 
dfiSutitaerimd. It ‘is Composed Of owe hundred and person. All his elevations were taken fnemthe level Of 
forty-two compartments, of different sizes and forms, the lake Lucerne; which, according to M. Banssure, is 
respectively numbered, and so artfuHy put together, ly408 feet above the level of the Mediterranean, 

that &ey can be separated and replaced with the To take a cast -in metal from any amah animat, in- 
gvoatestease. Themoifel Itself tst w entyfeet and a half sect, or 'vegetab l e . ' ■ » ■ ' B repare a box xif four boards, . sriF* 
long, -and -twelve brand, and formed' on a scale Which fluently large c toboW the animal, in -which it imnthe 
rep res e nts two Engfehmiles and a -quarter by ail Bug- suspended by a string, and the legs, -wings, 'fee. at f 
hafli ‘foot; comprehending part of ‘the -cantons -of : Zug, the animal, or the tendrils, leaves, See. -of the vege- 
Zurieh, 'Sdrerffitz, UnderwaWen, Lucerne, Berne, and table, must be separated, and adjusted in "their right 
a small part of the mmintains-of Olsfus ; in all, an position by a pair of small pincers. A due -quantity Of 
sftetR of country of eighteen ‘leagues and a ‘half in plaster of Paris mixed with talc, must be tempered' to 
hmgth, and twelve in breadth. The highest point of the proper consistence with -water, -and the -sides of the 
the ‘model, .from^ “the level of the -centre ‘(which is the 1 box oiled. Also a straight piece of stock -must -bo 
like Of LueernC), is 4bout ten inches : awd a« the most pet to the principal part- df ithe body, and pieocs Of 
elg v w ted motmtain r epres en ted therein risea^I 75 1 tones,- wire to the extremities of the -other -ports, in- -order 
Or 9,440 feet, above ‘the lake of 'Lucerne, "St a ’gross that they may ‘form, when drawn out after the mutter 
calculatio n, : the f beight-of an inch in the ‘model is about of the -mould is set and ‘firm, proper Channels for 
§09<ftet. The Whole ‘is -painted Of different colours, pouring in the metal, and -vents for -the air, which 
moaeba manner as to^ represent -Objects as they exist in otherwise, by the rarefaction it would ‘Undergo from 
natort ; and -so'exactlyds ‘this done, that -not only -the die beat of the metals, would ‘blow-it out, -or burst ‘the 
woods of oak, beech, pine, and other ‘trees, are tbs- | mould. In a 'Short time the plaster will -set, mid be* 
tooguiShed, -but 1 even the strata of -the -several rocks are come bard, when the stick and wires may -be -drawn 
marked, -each being -shaped upon’ the spot, and formed out, arid the ‘frame or coffin in which -the mould was 
Of gpWnite, gravel, hr Such Other substances as com- cast taken away; and the mould must then be. put, 
pone 1 the -natural mountain. ‘ ‘So -minute also is the accu- first, into a moderate heat, and, afterwards, when* it -is 
racy fif the plfcn, ‘that it comprises -not only all the as diy as can be rendered by that degree, removed -into 
momStaioe, lakes, rivets, towns, villages, aod -forests, a greatmy winch mmr be gradually increased, till -the 
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whole be red hot Tb4 animal or vegetable endoaed 
in the mould, will then be burnt to a coal ; and may 
be totally calcined to ashes, by blowing for some time 
into the charcoal and passages made for pouring in the 
metal, and giving vent to the air, which will at the 
same time that it destroys the remainder of the animal 
or vegetable matter, blow out the ashes. The mould 
must then be suffered to cool gently, and will be per- 
fect, the destruction of the substance included in it 
having produced a corresponding hollow ; but it may 
nevertheless be proper to shake the mould, and turn it 
upside down, as also to blow .with the bellows into 
each of the air-vents; in order to free it. wholly from 
any remainder of the ashes ; or where there may be an 
opportunity of filling the hollow with quicksilver, it will 
be found a very effectual method of clearing the cavity, 
as all dust, ashes, or small detached bodies, will ne- 
cessarily rise to the surface of the quicksilver, and be 
poured out with it. The mould being thus prepared, 
u must be heated very hot, when used, if the cast is to 
be made with copper or brass, but a less degree will 
Verve for lead or tin. Hie metal being poured into the 
mould, must be gently struck, and then suffered to rest 
till it be cold ; at which time it must be carefully token 
from the cast, but without the force : for such parts of 
the matter as appear to adhere more 'strongly, must 
be softened, by soaking in water till" they be entirely 
loosened, that none of the more delicate parts of the 
past tnay be broken off or bent. 

, When talc cannot be obtained, plaster alone may be 
used; but it is apt to be calcined, by the heat used 
in burning the animal or vegetable from wheuce the 
cast is taken, and to become of too incoherent and fri- 
able a texture. Stourbridge, or any other good clay, 
washed perfectly fine, and mixed with an equal part of 
fine sand, may be employed. Pounded pumice-stone, | 
and plaster of Paris, in equal quantities, mixed with 
washed clay in the same proportion, is said to make 
excellent moulds. 

To take Casts from Medals. — In order to take co- 
pies of medals, a mould must first be made ; this is , 
generally either of plaster of Paris, or of melted sul- 
phur. 

After. having oiled the surface of the medal with^a 
little cotton, or a camel’s-hair pencil dipped iu oil of 
olives, put a hoop of paper round it, stondiqg up 
above the surface of the thickness you wish the mould 
to be. Then take some plaster of Paris, mix it with 
water to the consistence of cream, and with a brush 
rub it over the surface of the medal, to prevent air- 
holes from appearing; then immediately afterwards 
make it to a sufficient thickness, by pouring op more 
plaster.. JLe t it stand about half an hour, and it wifi in 
that time grow so hard, that you may safely take it off ; 
jtbcgi pare it smooth on the back and round the .edges 
neatly. It should be dried, if in cold or damp wea- 
ther, before a brisk fire.. If you cover the face of the 
mould with fine plaster, a coarser sort will do for the 
jhack : but no more plaster should be npdxed up at one 


time than can be used, m it will soon gel hand, *ad 
cannot be softened without burning over again. 

Sulphur must not be poured upon silver medab,, as 
this will tarnish them. 

To prepare this mould for casting sulphur or plaster 
of Paris in, take half a (tint of boiled linseed-oil, and 
oil of turpentine one ounce, and mix them together in 
a bottle; when wanted, pour the mixture into a plate 
or saucer, and dip the surface of the . mould into k; 
take the mould out again, and when it has sucked in 
the oil, dip it again. Repeat this, till the oil begins to 
stagnate upon it; then take a little cotton wool, hard 
rolled up, to prevent the oil from sticking to it, and 
wipe it carefully off. Lay it in , a dry place for u day 
or two (if longer the better), and the mould r will, ac- 
quire a very hard surface from the effect of the oil. 

To cast plaster of Paris in this mould, proceed with 
it in the same manner as above directed for obtaining 
the mould itself, first oiling the mould with olive-oil 
If sulphur casts are required, it must be molted, iu an 
iron ladle. 

Another method with isinglass. — Dissolve isinglass iu 
water over the fire; then, with a hair-pencil, lay the 
melted isinglass over the medal; and .whoa you have 
covered it properly let it diy. When it is hard, raise 
the isinglass up with the point of a penknife, and it will 
fly off like horn, having a sharp impression of the 
medal. 

The isinglass, may be made of any colour, by mixing 
the colour with it; or you may breathe on the concave 
side, and lay gold leaf on it, which, by shining through, 
will make it appear like a gold medal. But if you wish, 
to imitate a copper medal, mix a little carmine with the 
isinglass, and lay gold leaf ou as before. 

To colour Plaster. — PJaster of Paris may be tinged 
w ith several colours, when you are casting, by mixing it 
with Prussian blue, red lead, or yellow ochre, with 
which you may compose a blue, red, yellow, and 
green. As the coloured plaster takes a little more 
time to dry than when it is unmixed, you may rift some 
dry plaster upon the back of the casts when in the 
mould, which will make them dry quicker. 

It will not be deemed irrelevant to this subject to 
notice M. Lenormand’s account of his art of moulding 
carving in wood. It was published a few years since 
ip the “ Bibliotheque Physico-Economique he was 
led to the invention through that sort of necessity which 
results from the want of good carvers, fie had seen 
plasterers supply the want pf good modellers by in* 
crusting in their decoratings plaster moulded on excel- 
lent models; he therefore .conceived that it might be 
possible to mould carving ip wood, to be afterwaxds 
applied to cabinet-makers’ work. He was aware that 
yery hard wood, such as box, might be moulded by putting 
it under a press m copper moulds, after having sub- 
jected it to certain preparations, but for this. purpose 
very expensive moulds, an excellent press, j^c.. are re- 
quired, which occasions considerable expense, and by 
this method bas-reliefs only can fie executed ; but the 
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* art, Len wnto d A'ii owh^ requires only fifttt put together of the tiould, after fotfo- 

■ (top materials wilhvary little prtotefe, and affords the dining into the joints a slight stratum of the fine paste/ 

* means of makin g not only figure* in relief, but even which I make very clear, arid apply with a small 'brush/ 
the most difficult objects in sculpture. The fottowitig I fill tip the vacuity between the two pieces with coarse 

* kibe process' as described by the inventor. paste. I then apply the thirdpiece as I did the seeond, 

k §S I made very dear glue with five* part* Of Flanders and so on ant'd the whole are adjusted, always filling up 
% gbeandooe part of fish-glue, or isinglass. I dissolved the vacuities with coarse paste; I suffer the whole to > 

* toe two kinds of glue separately in a large quantity of dry in the mould, and obtain a figure in relief of soiid 
water,* and mixed them together after they had ? been wood executed with all the delicacy of plaster touts/ 

t stoned through a piece of fine linen to separate the Care must be taken to remove with a sharp knife, or 
K fflth and heterogeneous parts which could not be dis- small file, the prominences formed by the joinings. ' I ft 

* solved. The quantity of water cannot be fixed, be- the figure be not suffered to dry too much, these pfo- 

* cause all kinds of glue are not homogeneous, to that nfinences may be easily removed with the ' point of a 

i soma require more and some less. The proper degree sharp penknife. It will be necessary to lean* the art of 

ii of liquidity may be known by suffering the mixed gtoe determining the proper degree Of desiccation ; for if the* 
h to beaune perfectly cold ; it must tben form a jelly, or figure be taken from die mould before it is properly/ 
i lather a commencement Of jelfy. If it happeus that it dried it will become warped, and if it be tob dry, it cam? 
i m still liquid when cold, a little of the water must be not be corrected but with a file, 1 which is tedious and 

i evaporated by exposing the vessel in which it is con- laborious, whereas, if the proper moment be seised, 
t tained to beat. On the other hand, if it has too much the paste may be cut like wax ; especially if the saw- 
consistence, a little warm water must be added. In a dust has been fine, which is necessary for the exterior 
) word, to proper degree will be ascertained by a few strata. The figures may then be completely dried in a 
trials, i stove, by which means they will acquire a degree of 

' ^llt^to prepared, is to be heated till you can des iccat ion and solidity hardly to be conceived. Figures 
scarcely wntee your finger in it ; by this operation a thus moulded may be bronzed or varnished : they will 
little water is evaporated, and the glue acquires more then be unalterqto by the effects of moisture or dryness, 
consistence. Then take fine raspings of wood, or saw- “ I have alreHy said, that Flanders, and notcommon 
duet, sifted through a fine hair-sieve, and form it into a glue, ought to be employed for the exterior strata, be- 
paste, which must be put into moulds of planer or sul- cause this* glue is almost colourless. When this cannot 
phur after they have been well rubbed over with linseed be had, a glue fit for the purpose may be made by 
or nut-oil, in the same manner as when plaster is to be boiling shreds of parchment in common water till dis- 
moulded. Care must be taken to press the paste in the solved : whereas the other, being dark-coloured, gives 
mould with your band, in order that it may acquire all too obscure a tint even to walnut-free WoOiT. Being 
the forms of the mould: then cover it with an oiled desirous to trj 1 thy moulded figures would b? 

board, and, placing over it a weight, suffer it in 1 that unalterable by the effects or oidistUrh or dryness, I made 
manner to dry. The desiccation maybe hastened suid the following experiments: — ' 

rendered more complete by a stove. When the ini- “ Experiment I.— I exposed, in a large bell-glass 
pression is dry, remove the rough part, and if any in- fiHed with atmospheric air, two figures, oue of which was 
equalities remain behind they must be smoothed: after varnished and* the other not. I placed under the bell 
which the impression may be affixed with glue to the -Saussure’s hygrometer, and a capsule filled with water, 
article for which it is intended. Then cover it with a after having moistened the sides of the bell. The air 
few strata of spirit of wide varnish, as is done in gene- was soon saturated with water, and the hygrometer 
ral in regard to carved work, or with Wax in the encaustic marked 100 degrees. I observed no alteration what- 
manner. It requires much attention to discover that ever in the varnished figure, and the other exhibited iio 
such ornaments are not carved in the usual manner, other sensible alteration than a commencement Of so- 
Gilding may be applied to them with great facility, lution in the glue, so that on applying my finger to its 
This operation is exceedingly easy ; pothing is necessary surface it was found to be somewhat viscid ; in a word, 
but moulds ; and, with a little art. the ornaments may the figure was not in the least warped, 
be infinitely varied. ^ « Experiment II.— I then introduced my two figures 

u I tried also to mould figures, and completely sue- and the hygrometer into another very dry bell, under 
ceeded. These, however,, require more care. I first which I plfcced a Capsule filled with calcined pot-ash. 
make a paste, similar to the former, with very fine saw- The moisture of die air by which the figures were sur- 
dust, and place a stratum, of about two lines in thick- rounded was soon absorbed, and the hygrometer indi- 
ness, on every part of the mould ; after which it is left cated zero. In order to ascertain whether file whole 
to dry almost entirely. In die mean time, I prepare a moisture imbibed by the unvarnished figure was entirely 
coarse paste with coarse saw-dust which has not been dissipated/I left every thing in statu quo for four hours, 
made to pass through a fine but a coarse sieve, and in- the hygrometer still indicating zero, I then took out 
stead of ^100(16^ glue I employ common glue, which the two figures, neither of which had experienced the 

is less expensive, adding to it a sixth Of fish glue. I least alteration. ' 

“ Experiment 
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,^ f f;^p€BimMjt'HI<-+l!tepe*lcd ,-th* fm iBpfmmmti 
with* vieW to’Ctoiae the two figures fia;ab«brb>«$ tnlipb 
imdstwe aspo£#de; and Vihen tlm hygroqwtw toffkdd 
M)Q° I took thea^ Stem the bell, bad suddenly inton-i 
doeed therit into k stove,. the beat of whifih W4S 50® «f 
Reaumur. . The utovarnisbed ode becatn* 'duyi without 
essoining, add tbfc otber showed a little isOftening \» the; 
vnftoisb; This effect 1 ascribed to tbeiotperfectdesieca- 
tjoo before the experiment, for the softening was tiwm 
considerable tbanisgenerallytheoasewben a famished 
ltodyis exposed to beM. . .. 

“ Thete experiments appealed to sne>suffieieptt» ia-; 
du<5e> me to conclude, that sculpture in moulded weed, 
according tothfe process here’ described, * aftabeneble 
by Moisture or drought, <for m slur okmates the tberasor 
mfeter neves rises to 50°. Sack sculptured figures bare 
the solidity of wood, andareeyenprderableto it; for 
a; alight blow given to stood, if cat across die. fibres, 
wiUdetaek some of theparts; Whersss -figures formed I 

*'•**''• ( ' * . L 

- : : ’ : . ■ i - . - •' 


of erttfdbi wood* -if I ftnffrbe x U *wd <fte 4k&mom> 
are homctedoow iaaM-tbsia^jarti* toMhMtetoetso eus% 

broken. , . M , 

1* Besides the advantages which ffris itwOMioa -om thb 
first view exhibitor it offers Others fftohoMy bn <o£ 
great utffityto oar lata bail sotoiuftttwra* ^aU’lbffte 
large manufactories of mirrors, th" mraam~ntn itoiggue 
ral are k a very bad taste, end raiseraWy etKrutnd, ^ 
cause the Carvers ato vary 1 iU paid. 'T* 1 '-mtr ritir mpthad 
be adopted, sculptor* wot»ld pay store atoantosto to than 
first Work); thfcy wouM- mould ihnir niaiaannH ill plailiii 
or in sulphur, then take * multitude «f eopiut wOk-tbo 
greatest facility, and thsae o aa e n ia* tn wotdd *dl te-<he 
value of oar furniture. «d. Jniapers mould nmhs»nsnah 
more ffegant works % employing >p«stoO of different to-, 
loured Woods, which might be maaSged with .gasstar 
ease than the thin pieces Wf cnlnassd hoards udiichshty 
employ.” ■ ■ 


. . »tr>u iuitMimliiBtM i^fciafcrii flyi i4,i 


\ 
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% I S tusj^ Requires Vhe/aiil of a number of other, 
Mechanic®. The joiner, ( tumefy ^ ^bioet-maker, ' wire* 
drawer, &c« nayo all iheir share in the fnanufacture of 
musical instruments of the different lands it may- tUeren 
fo^e be more interesting to oar readers to gi^e an idea of 
the construction of several pf the morp common Tnstru- 
meats, than pretend tolqy down >*idps ^ putting the in-) 
strum erits together. , ' i> • 

Musical instruments have been arranged, according 
as they are calculated for qccitong sound by the yibra- 
tioM of r the pir, or. by the jjojrit effects of the air and a 
soGd body vibrating together,,,! $he main varieties of 
stringed instruments aije found in the harp, the piano- 
fort^ the guitar, the yiolip^ and the ifcolian harp. Tn 
these, aO|d in others of a similar construction, the force 
Of the sound of th^ strings is increased by n^eansof a, 
sounding-board, appears agitated by their motion,' 
and to act with greater, effect, and more, powerfully on 
the air' t^n the strings could do alone. %\ the harp 
the 8pnti^ is produced by inflecting the string with the 
finger, and then permitting it to return to itsjblace. It 
is imagined, that the lyre 8f the ancients differed from 
the modern liarp chiefly in its form and compass, except 
that the performer sometimes ysed a plectrum, which 
was a small instrument made of ivpjy, or spme other 
substance, for striking the strings. Each note in the 
harp has a separate string: in the 'Welsh' harp, \yhich is 


not much iised in EpglaiuJ, thew are two retries 4a 
each note of the principal *cale, with +n, intomedurti 
row for the semi-tones, tn the.p^al Wp^^he hytf - 
notes are formed by pressiiy ' ^pips t 

a? to shorten their effective Jeq^i. Iuktead -ef ibis 
method, we have heard that an a ttonjipt wan s qim feat* 
since made to .produce the 8ani.^n»M‘ ^ 

tension of the strings. 

In the harpsichord, and in the sptnoet, which k, ip 
fact,* buf a small harpsichord, the quill , ads. like ihej 
finger in the harp, qr the pleotrum in i!m> jyw. ^od it. is 
t0 J ac|c » jowl with a spring, aUowiqg ife 
without difficulty, to repass the string, which is n^taHjc. 
In some cases, katfier is used instead of. quilU, whishis 
intended to render the tone 'mote .mellow, of 

course, less .^powerful. Besides twy st rings tin 'unison 
for each note, the harpsichord has generally .a 
which is an octave, above tbern. There are • vpri ous 
means adopted to produce different modifications of the 
tone, as striking the wire in differeut. parts, or by. bri qg- 
ing soft leather loosely into contact with its fined extro> 
mity. When ithe fiiiger is removed from 'the .key a 
damper pf cloth Falls pn the stripg, and destroys its 
motion. In all instruments of this kintl, the peufectios) 
of the tone depends much ou the soundine-board • it is 
usually' made of thin deal wood, strengthened 
parts by thicker pieces fixed below it. 

In 
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In Ac piano-forte die sound is produced' by a blow 
of t hammer raised by a lever, which is as much de- 
tached from it as possible. The dulcimer of the Ger- 
mans is also made to sound by the percussion of ham- 
men held in the hand of the performer. The grand 
piano-forte resembles the harpsichord in form, but its 
action and tone are much superior. Its wires run lon- 
gitadtoally along the belly, or sounding-board, supported 
at about two-thirds of an inch distance by small low 
curved battens of beech, or other , wood, on which are 
pin? firmly driven into the battens, for the purpose of 
keepiog the wires perfectly parallel. These battens, 
called bridges, determine the lengths of the several 
wires; though the latter pass beyond them for some 
distance, being looped on at their farther ends to stout 
pins driven into a solid part of the frame-work, and 
coming over the bridge which is next to the keys, with 
which it is -parallel, and winding on a set of iron pegs, 
which being driven into a solid block of hard wood, are' 
turned either right or left by means of a small instru- 
ment called a tuning-hammer, and are thus tightened 
or relaxed at pleasure. The shortest wires are the 
thinnest, which lie to the right, and give the upper 
notes. The longest are to the left, and give the lowest 
notes; those between them are longer or shorter ac- 
cording to their situation; their several lengths in- 
creasing as they approach towards the left side of the 
instilment; forming, by means of the bridges, which 
lay obliquely, a triangular figure. Each note has three 
wires, lying within somewhat less than half an inch in 
breadth: these are equidistant, and proceed to three 
rows of tuning-pins, so that the. tuner cannot mistake as 
to which of the three wires he acts upon. The wires 
are imported from Germany, our artisans not having 
acquired the mode of giving them a due degree of 
temper. We understand, a noble Earl is making expe- 
riments on different kinds of wire, in hopes of rivalling 
or surpassing that of foreign manufacture. Those of 
the higher notes are of brass, and commonly begin 
with No. 8, 9, or 10, gradually increasing in thickness 
until they reach the extent of about four octaves, wheu 
they give place to copper wires, which produce a deeper 
sound. 

. The wires of the piano are made, as we have ob- 
served, to sound by means of wooden levers, called 
hammers, . each of which has a rising projection at its 
end, covered with folds of leather, so as to produce a 
clear tone. These hammers are impelled upwards by 
means of the keys, which beiug depressed by the lingers, 
and balancing on small battens, on which they are ar- 
ranged and kept steady by strong pins passing through 
near the points of equilibrium, also- having little knobs 
of pump-leather standing on stems of wire at their inner 
ends, cause the levers to rise on the least touch of the 
finger, with a smart stroke, so as to touch the three 
wires of their respective notes. The levers being fixed 
to a frame, parallel with the keys, by meaas of vellum 
hinges, Return to their places, and lay on a small parallel 
apron covered with baize* so that no rattling nor gingling 


results from their retrocession. These hammers may be r 
distinctly seen when working, as they pass through a 
broad slit made in the sounding-board, the whole breadth 
of the instrument. At the inner extremities of the keys: 
are small pieces oC buff-leather, which Jake off die 
sound that would else proceed from their contact with* 
the shafts of the dampers; which are contrivances for^ 
stopping the tones of such wires as are struck by the 
hammers, so soon as the finger is taken off from the* 
key. 

Most grand piano-fortes have two pedals, one for 
each foot, communicating with the interior. One 
serves to raise all the dampers completely, the other to 
throw the whole of. the key-frame to the right, more or 
less; by this means the hammers are slid at the same 
moment, in a body, about a quarter of an inch to the •• 
right, so as to quit either one or two, at pleasure, of 
the left-hand wires of each note, and to strike upon 
only one, or two, as is judged proper for the greater or 
Jess diminution of . sound. Other pedals are sometimes 
affixed for the purpose of opening a kind of flat cover, 
like Venetian blinds, laying, over the wires, thereby to * 
allow more or less sound to pass. The sounding-board, 
or belly, is made of very fine narrow deals, chiefly im- - 
ported from the Continent, so closely joined that, in 
many, no line, or, indication of junction, can be distin- 
guished. 

The square piano-forte is very different in form from 
the grand. It, however, has an action, or movements, 
nearly similar. Its belly is short, and the bridge, or 
sounding-board, is rather curved. In some, the tuning- 
pegs, which are four in a line/ form a kind of co- 
lumn on the right ; in others, they are immediately be- 
yond that bridge which is almost parallel with the keys. 
Each note has two wires ; those in alt, and, indeed, 
down to G, on the clef-line, are usually steel, from 
No. 8 to 12 ; the middle notes have brass wire ; about 
half an octave of the bass parts are furnished with 
copper ; and the eight or ten lowest notes are of brass 
wire, on which a thinner wire of the same metal is'' 
wound in an open spiral manner; whereby a deep 
tone is produced. Square piano-fortes are made with' 
pedals, but not for sliding the keys and removing the 
hammers laterally. That could not be done to any pur- 
pose in this instrument ; as the wires, instead of re- 
ceding from the player in a perpendicular line with the 
keys, lie across at nearly right angles. One pedal is all 
that is necessary, namely, to raise the dampers while 
tuning. 

The piano-forte is of German origin, and derives its 
name from its equal command both of stiffness and 
strength of tone. The chief beauty of this instrument, 
and which indeed constitutes its principal excellence 
over the harpsichord, is its capacity of obeying the 
touch, so as to ’ enable the performer to vaiy and ac- 
commodate the expression to all those delicacies, ener- 
gies, and striking lights and shades which characterize 
the most refined compositions. This instrument, though 
of modem invention, has , received many useful and 
5 Y valuable 
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uttfc improvements front the ingenuity ofE&glishinen, 
as well as of foreigners. In that state, in which We 
hate described it . as the grand piano-forte, and in which 
it isi furnished with its additional keys, it is not only 
qualified to rive brilliancy and effect to sonatas, con- 
certos, and all pieces of extraordinary execution, but 
forms an expressive accompaniment to the voice, and is 
thought, by the best judges, to be one of the most 
elegant instruments in the whole compass of musical 
practice. 

. The guitar, or cittern, is generally played with the 
fingers, like the harp, and was in vogue with us some 
years back, when improvements were made on it, par- 
ticularly by the addition of six keys, corresponding with 
the six wires ; these were called boxed guitars, and, by 
some, piano-forte guitars. The instrument has a broad 
neck, on which are various frets, made of wires, fixed 
into the finger-board, at right angles with the wires; 
these being the guides for the fingers to make the several 
notes, by pressing between tbe frets. The bridge is 
veiy low, and stands behind a circular sound-hole, co- 
vered with an ornamented and perforated plate; the 
body of the guitar is of an oval form, the sides perpen- 
dicular to the belly and back. This instrument is strung 
peculiarly ; the upper open note, G, is of double steel 
wires, about No. 4; die second, E, is also double, 
No. 6 ; the third is of brass, double, and gives C ; the 
fourth is double, of brass, and gives G, an octave be- 
low the upper wires ; the fifth is E, an octave below 
the second wires ; and the sixth is C, the octave below 
the third. The two last are single wires, covered with 
very fine wire, as closely as possible, like the fourth strings 
of Violins* The wires loop at the bottom to little 
ivory studs, and at the top to small steel studs, moving 
ip grooves, each of them winding up with a watch-key, 
sq as to put them in tune respectively. The Spanish 
guitar is strung with cat-gut partly ; but the lower notes 
are, like those of the harp, made of floss-silk, covered 
very closely with fine wire. The Spaniards are sup- 
posed to be the inventors of the guitar, who derived its 
name Guitarra from Cithara, the Latin denomination 
for almost every instrument of the lute kind. These 
people are so partial to music, and to that of the guitar 
in particular, that there are few, even of the labouring 
class, who do not solace themselves with the practice 
of it. They use the guitar to serenade their mis- 
tresses, and there is scarcely an artificer in any of the 
cities, or principal towns, who, when his work is over, 
does not entertain himself with his guitar. 

The 'clarichord of the Germans differs from other 
keyed instruments by the length of the string, which is 
attached at one end to a bridge, and at the other to a 
pin or screw as usual, but the effective length is ter- 
minated on one side by the bridge, and, on the other, 
by a flat wire projecting from the end otthe key, which 
strikes the string, and likewise serves as a temporary 
bridge as long as the sound continues. The remainder 
of the- string is prevented from sounding by being in 
coulact with a strip of clotb, which stops the vibration 


as soon as thehammer&lls. TWinttrumant is capable 
of great delicacy, but is deficient in force. 

Of tbe drum species we have an abundant variety. 
The side, or military drum, is well known; it is of a 
cylindrical form, hollow, and covered at each end with 
parchment, that can be stretahed or relaxed-at pleasure, 
by means of cords or braces, acted upon by bands of 
leather. It is monotonous, but babk has ea fir recon- 
ciled us to its uses that we consider it as a musical in- 
strument, though it is not in strictness entitled to that 
designation, nor is any instrument of 'this description to 
be so classed, excepting the kettle-dmm, or timbale, 
which being regularly tuned, the one to the key-note, 
and the other to its fourth below or fifth above, are sa- 
tisfactorily and efficiently introduced into full bands, m 
which their emphasis, their powers, and their thunder- 
ing roll, frequently prove very acceptable aids, and pro- 
duce the richest effects. Tbe kettle-drum derives its 
English name from its form, the bottom being a large 
semi-spherical kettle of copper, and the head being of 
vellum, or goat-skin, stretched on a metal hoop, which 
being lowered or raised by screws at pleasure, so as to 
vaiy the internal measurement, can be tuned precisely 
to any given intonation. They are accounted bass-instru- 
ments, on account of their grave sounds. Though our 
cavalry, for many years, were generally provided with 
kettle-drums, yet they were not of our own invention; 
nor were they known in Europe before the Holy Wars, 
when they were first adopted from the Saracens, or 
Moors, who were accustomed to carry them, of im- 
mense bulk, suspended on either ride of camels; the 
driver beating as the animal moved on. 

The tabor is a small drum; so fiat, that the two heads 
are not more than three inches asunder. It is only used 
as an accompaniment to tbe pipe, for dances. Sic. 
Both are played by tbe same performer : while the tones 
of the pipe are regulated by die fingers of the left hand, 
which stop the holes, the tabor is beat by the right. 
The tabor and pipe are favourite instruments with the 
common people of most countries in Europe, and are 
particularly calculated for dancing parties. 

The tambourine is a kind of drum with only one 
head, the other end of the hoop, which is not more 
than four inches in breadth, being open. It is furnish- 
ed at the sides with small bells and loose bits erf* tin. 
The head, which is of the best parchment, is fixed to 
an iron rim, and by means of screws fixed to the exte- 
rior of the hoop, can he tightened at pleasure. Hie 
rformer puts the thumb of his left band through a 
le in the hoop, lined with an ivory moveable box, to 
prevent chafing. In this manner he whirls the tam- 
bourine about, and makes the brass jingles or cymbals 
(as they are called), which are inserted in pairs, through 
slits in tbe hoop, strike so as to produce various sounds, 
either clashing or tremulous, according as be may apply 
his right hand. It has been denominated a tinkhng 
cymbal. 

The triangle is a round steel bar, about the third of 
an inch thick, made into an , equilateral triangle, and 
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beat with a Utile piece of the mmt metal; it forma a whb wOoden phigs, by which Ike lobe k very much 
paamble accompaniment in a military band, and in ; softened. The pnhcipal is the middle stop, 1 and serves, 
country dances gives life to the music. Il appears to be when ttn>6d, as the basis for tuning all the other parts, 
of a very* ancient invention, though revived only within above and below; it is metallic. The twelfth is me» 
thaeejfew yean. tallic also, and derives its name from being a twelfth, or 

* -The organ is an instrament of tke highest antiquity, an octave and a half, above the diapason. The fifteenth, 
in the structure of which the greatest ingenuity has been so called, because it is two octaves above the diapason, 
displayed. The reader caAnot expect to find here a The sesquialtera is composed of various pipes, tuned in 
detailed description of so very complex an instrument ; the parts of the common chord*; the upper part is often 
but we shall endeavour to afford such a perspicuous and called the cornet* The furniture-stop is very shrill, and 
general, outline, as may exhibit the principal, parts suf- in some passages has a peculiarly fine effect The 
locally for his purpose. The most difficult to make trumpet is a metallic stop, and derives its name from 
properly, is the wind-chest, which is an extensive, bo- the instrument it so admirably imitates t this peculiar 
rixontal box, so closely fitted and prepared, as to retain tone is produced by means of what is called h reed, but 
the wind impelled into* it by various large bellows, is in reality a piece of brass, oti which the wind acts 
which must be numerous, and capacious, in proportion forcibly, giving a roughness to the sound, which is fur- 
to the she Of the wind-chest. The quantity of wind in ther changed by all the pipes of this stop having belt 
it is always known to the organist by means of a tell- months like trumpets* The clarion is a reed-stop also, 
tale, or index, attached to the bellows, which rises and but an octave higher -than the trumpet ; it is only suited 
fhllfi in proportion to the quantityof air, and apprizes the to a full chorus. The tierce is only employed in the 
performer in what degree the wind is exhausted. The foil organ, it being very shrill, and a; third above the 
top of the wind-chest is bored with several lines of fifteenth. The octave above the twelfth is too shrill to 
apertures, proportioned to the sizes of the pipes they are be used but in the foil Organ. The cortet k a treble 
to receive, those of the bass-notes being the largest; stop. The dulcimer takes its name front the sweetness 
but all the pipes in each row being different as to their of its tones. The flute is named from the instrament it 
interior construction, and consequently producing very imitates, as are the bassoon, vox-humana, hautboy, and 
different sounds, each row k called a stop, and has a cremona, or krum-horn stops. The proper adaptation of 
plug- appropriate to it, acting upon a slide, which shuts the several stops iu the performance of sacred music, 
or opens the whole of that row at pleasure; this k and in accompanying a choir, requires both judgment 
called a register. There are as many of such rows of and experience^ The fingering of an organ k precisely 
apertures or registers^ as there are kinds of tones or the same as that of the piano-forte, so far ks relates to 
stops on the organ: some having few, others having nu- the situation of the keys, 8tc.; but ’ on apeobnt of the 
xnerous stops. The wind k prevented escaping from great number of holding-notes in organ-music, the fitters 
the' wind-chest into the pipes by valves, which are are more kept down, whence it k considered (highly in- 
opened only when the performer presses the keys re- jurious to piano-forte* performers to practise the organ, 
spectively ; • when, by means of communicating wires, they being subject to lose that lightness, and that ddi- 
tke valves are pressed down, and the wind passes into caey of touch, required for the former instrument, 
die pipes. When the key k quitted, the pressure of the OiganS are likewise made without keys, hut with bar- 
wind, aided by a spiral wire spring shuts the valve, and rels, oo which are a great number of pinS and staples 
Che sound of that pipe instantly eeases. In order to re- of flat brass wire, and of different lengths. The barrel 
gUlate the force of the sound, most church-organs have being turned by means of a crank, or winch, the wires 
either two or three rows of .keys, whereby a greater or that communicate with the valves in the wind-chest are 
less number of pipes may be filled, and the powers of acted upon by the pins and staples; which hold down 
the instrument be controlled into what k called the the valves for a longer Or a shorter time, according to 
small organ, or be let loose so as to become the foil the duration of the notes they respectively govern. On 
organ. The pipes suited to the higher notes are made these barrels, which are made to shift at pleasure, from 
of mixed mends, chiefly tin and lead ; they increase in ten to fifteen tunes are usually made. The winch not 
length and diameter in proportion to the note; until, only turns the barrel, but also works a pair of bellows, 
metal pipes being no further applicable, square ones of by which the wind-chest is supplied. This instrument 
wood are substituted in their stead for all the lower is called the hapd, or barrel-organ, and is very commoh 
notes. Hie dimensions of all die pipes of an organ are in London streets. 

1 regulated by a scale or diapason, formed for the use of Of all musical instruments the organ is the most pro- 
manufacturers in this line, and apportioned to every size per for the sacred purpose to which it has been generally 
of instrument usually made. applied, in almost all countries wherever it has been 

The following are the stops usually made in a great introduced. Its structure k lofty, elegant and ma- 
f organ: — The open diapason, in which ail the pipes are jestic, and its solemnity, grandeur and rich volume of 
1 open at the top ; this is a metallic stop. The stopped tone, have obtained for it an acknowledged pre-emi- 
dispason, the bass-notes of this, up to the tenor C, are nence over every other instrument. 9 The invention of 
f always made of weed, and are stopped at their summits the organ k certainly of very ancient date, some writers • 
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carry it as far back, as five or six centuries before the 
birth of Christ. It has been a subject of debate at 
what time the use of organs was first introduced into 
the Christian church. Some writers say they were first 
applied to sacred purposes iu the year 600.by Pope 
Vitaliai}; others contend they were not known in that 
way till the ninth century; but it is asserted ' by Tho- 
mas Aquinas, that in his time, viz. the middle of the 
thirteenth century, the church did not use musical in- 
struments. There are, however, other authorities 
which positively declare that organs became common 
in Italy and other parts of the Continent, as well as ! 
in England, in the tenth century. We may observe, 
that though of such long standing, yet Christians are by 
no means unanimous as to the lawfulness of music in 
divine service. The discussion has sometimes been 
carried on with great zeal, not to say bitterness, by 
different sects and denominations. The arguments on 
both sides of the question are briefly, but very candidly, 
stated in an excellent little work just now published by 
Johnson and Co,, entitled, “ A new Directory for 
Nonconformist Churches.” 

Before we quit the organ we may ' just observe, and 
the observation will hold with respect to the manufactu- 
rers of other musical instruments, that the organ-builder, 
whose profession is to construct and to tune and repair 
organs of every description, should possess a nice, ac- 
curate, and highly cultivated ear, and a sound judg- 
ment in the vibratory qualities of wood and metal. 
The organ-builder should be acquainted with the 
science of pneumatics and practical mechanics, and he 
should be so far informed in the simple elements of 
musical composition as in some degree to be capable of 
trying the different stops and combinations of his own 
instruments, and of deciding for himself on the effects 
in performance. 

The Mouth Organ, or Pan’s Pipes, are well known, 
being so often played as an accompaniment to organs, 
&c. in the streets ; they consist of a range of pipes I 
bound together side by side, gradually lessening with 
respect to each other in length and diameter. The 
longest is about six inches, and the shortest about two 
inches in length. They are of various sizes and extent, 
some being nearly three octaves ; however, a few have a 
chromatic scale, at least for the adjunct keys : i, e. 
those of the fourth and fifth. The tones of the mouth 
organ are very agreeable, but are best heard at a little 
distance ; when, either as an aid to the organ, or in per- 
forming pieces arranged for several mouth-organs, as is 
very common, they have a very pleasing effect ; when 
played in a room, the notes are piercing, and the sibila- 
tions are apt to be very offensive. 

The Eoliau Harp may bq best included in this class, 
though it will not answer in every particular. It con- 
sists of a long box, in which four or more strings are 
stretched its whole length, and tuned to the component 
parts of any common chord, such as C, E, G, 
C, E, G, &c. : opposite the line of the strings, which 
xtand over a slanting sounding-boaird, are two slits, one 


on each side, running parallel with the entire strings/ 
This instrument being> pieced .opposite to a window, 
opened only an inch or two, . the air will rush through 
the slits, and vibrating uponthe strings, in its passage 
through the box, will cause a kind of tremulous . mur- 
muring repetition of the various motes. . The Eoiian 
harp is by no means a disagreeable companion, when 
perfectly in tune. Some , idea of its notes may be 
formed by stretching a thin violin string oyer the narrow 
slit between the upper and tender compartments of a 
sash window ; these being generally, rather open, allow 
the wind to pass, and will cause the string to keep 
perpetually humming that note it yields when plectrated 
or touched by a bow. It changes from one note to an- 
other, as the force of .the wind , varies, and as it acts on 
different parts of the string. 

The Trumpet, with all its tribe, now comes under 
consideration. This most audible instrument is made: 
of metal ; those of silver are by. far the softest in tone; 
but brass is in general used. The modern trumpet is 
very short and portable compared with the old form 
of the instrument : its tone or pitch is varied by means 
of additional pieces called crooks, by which it may be 
made to accord with any given key-note. , it has a 
mouth-piece, which is about an inch in diameter, con- 
caved for the lips to act within,, and closing into a 
very narrow tube, through which the wind passes with 
considerable force into the neck: of the instrument. 
The trumpet is a treble instrument; but, excepting 
from C in the middle of the stave, to its octave abore, 
can only perform the three under notes G, E, C, and 
G in the bass ; iu the above octave it can only deviate 
from the key C, by a sharp fourth leading into the key 
of G. In saying this we speak of the instrument un- 
aided by the hand ; for by various modes of fingering 
within the bell, or mouth, the trumpet can . be made 
to yield a great variety of semi-tones. Trumpets with 
slides, which suddenly lower or raise the pitch one or 
two notes, are capable of great execution, and may be 
made to yield every note and semi-tone within their 
whole compass, so as to go through ull die intricate 
passages of solo-concertos; but to perform in such 
style, and, indeed, to manage the slides with tolerable 
accuracy, requires a faithful hand and the greatest 
promptness. We have various sizes of trumpets, some 
intended for concerts, and of course furnished with 
crooks ; others are iu use .with our cavalry, made short 
and compact, and invariably pitched to one key; it is 
not unpleasant, though rather uncommon, to hear the. 
trumpets of. a cavalry corps sounding their. several calls 
in parts : though the harmony is not varied, there is 
yet something in it that reconciles one to its narrow 
limits, and indeed to the imperfectness of many 
reputed concords ; few of which can be sounded cor-, 
rectly on trumpets. 

The next in this class is the French Horn ; of which 
we have various sizes and descriptions. It consists of 
a long tube twisted iifto several circular folds, gradually 
increasing in diameter from the end at which it is blown 
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totWat which the wind issues. Those intended for 
concerts, have, like the trumpet, various crooks and 
g slide whereby they may be brought to accord with 
the most scrupulous e xa c tnes s . The horn always has 
its mask written in the key of C, and acquires any 
other key at pleasure, by the addition of such crooks as 
may bring h to the proper pitch : the more crooks are 
affixed, the deeper will be the intonation. * There is a 
very strong affinity between tbe born and the trumpet, 
in reg a r d to their capability of producing particular 
notes ; what has already been said of the latter, in that 
respect, applies equally to the former. The finest 
notes of tins instrument lie near the middle of tbe 
treble stave, or at farthest between O and C ; though 
its low notes, when properly sounded, are very fine and 
mellow. The natural fourth is said to be seldom in 
tune, and therefore avoided by composers who are 
acquainted with the constitution of the instrument. 

The Serpent, so called from its form, seems to be 
the link that connects tbe horn with tbe flute species ; 
its mouth-piece is indeed very similar to that of the 
trumpet, but it is made of ivory. This is tbe deepest 
bass instrument of all that have finger-holes, and winch, 
consequent!/ have a chromatic compass. But the 
serpent has some of its lowest notes entirely dependant 
on the hp-play of the performer. This instrument 
descends two notes lower than the bassoon, and reaches 
up to F, on the clef Kne of the bass, with perfect fa- 
afity and correctness of intonation. Some performers 
can by great practice advance several notes higher. 
The serpent is made of very thin wood, covered with 
bocfaam nod leather, so as to become very firm : hence 
its tone is by no means smooth, the materials vibrating 
so vary forcibly as to roughen the sounds, especially 
among the low notes. It has three distinct parts, viz. a 
mouthpiece, neck, and tail ; and six finger holes, each 
lined with ivory, ebony, 8tc., requiring a very firm 
band to stop them well. This instrument forms an 
exact reinforcement to the basses of a military band, to 
which it is chiefly appropriated. 

The Flute is, by many, supposed to be of English 
invention, but it appears to resemble the old calamus, 
or shepherd** pipe, more than any other of this species, 
the sound is generated by blowing through a slit into the 
bore, tbe superfluous wind passing out at a vent made 
on the top, close to the upper end ; there are seven 
finger-holes above, and one for each thumb below; 
some have only one thumb-hole, others two small ones, 
like the G on a hautboy for the purpose of making a 
semi-tone. AH the flageolet tribe, which are of various 
sorts and sizes, belong to this species. The common 
flute is also made of various dimensions, thence as- 
suming various designations of second, third, and fourth, 
& c., according as it diminishes in size, and becomes 
shriller in tone. The common flute yields a very 
soft agreeable sound, and is very appropriate to little 
artless airs ; but, having very little power, is by no 
means adapted to join in a band. The flageolet is, 
however, introduced, on many occasions, into dramatic 


brehestras, and finds a place in some bands ; its veiy 
piercing notes may be at all times distinguished. The 
several kinds of flutes are distinguished according to the 
number of keys, to their purposes, and to their sizes ; 
they are generally called seconds, thirds, &c., as they 
recede from the standard, diminishing gradually accord* 
mg to the above terms. 

The Bagpipe is of two sorts ; viz. the Scots and the 
Irish : the former is filled by means of a wind-bag, 
carried under the arm and worked like a pair of 
bellows ; the other plays with a reed like the hautboy. 
These two species have, within these few years, been 
blended, undel* the designation of union-pipes; both 
1 are fingered much the same as a flute, and have a 
drone or open tube through which the wind passes, 

I causing a deep humming tone. It is thought that 
! the Norwegians and Danes first introduced the 
| bag-pipe into the Hebrides, which islands they long 
! possessed. 

I I We may further observe, that in mixed wind bistro* 
i ments, the vibrations of solid bodies are made to co- 
operate with vibrations of a given portion of air. Thus 

| in the trumpet, and in horns of the several kinds, the 
force of inflation, and perhaps die degree of tensiou of 
! the lips, determines the number of parts into which the 
| tube is divided. In the serpent, the lips co-operate 
with a tube, of which the effective length may be 
varied by opening or shutting holes, and the instrument 
which has been called an organized trumpet appears 
to act in a similar manner. The trombone has a tube 
which slides in and out at pleasure, and changes the 
actual length of the instrument. The hautboy and 
clarionet have mouthpieces of different forms, made of 
reeds or canes, and the reed-pipes of an organ are 
furnished with an elastic plate of metal which vibrates 
in unison with the column of air they contain. 

The class of collision seems to appertain exclusively 
to those instruments which are provided with strings or 
wires, and are played upon by means of a piece of 
curved wood, subtending a quantity of horse-hairs, 
j regularly disposed in a flat and parallel manner : these 
! we call bows ; they are of various sizes, according to the 
instruments to which they are respectively applied; 
namely, the double bass, the violincello, the tenor, 
the violin, and the kit. 

The violin may be considered as the chief of this 
tribe : it will be unnecessary to describe its form, &c., 
the instrument being so universally known: its scale 
extends from G above the bass clef up to double D in 
alt ; beyond which, though notes may be made, the 
. tone becomes rather offensively shrill, and, generally 
speaking, borders on a kind of whistling scream. The 
pre-eminent expression, and the wonderful execution 
which may be effected with the violin, added to the 
great compass (it being full three Octaves and a half), 
justly occasion this incomparable instrument to take 
the lead in concerts and orchestras ; and, in general, in 
all musical meetings. It is to be lamented, however, 
that we cannot boast of so complete an intimacy Mrith 
5 Z the 
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the construction of the violin apd of all its class, as 
Italy and some other parts of the Continent. 

All the violin class have four strings, fastened at one 
end to a small piece of ebony, called the tail-piece ; 
and, after passing over a raised bridge, made of sea- 
soned beech-wood (particularly the back of old instru- 
ments), and over a little ridge called the nut, are fastened 
respectively to four peg9 made of very hard tough 
wood, by the turning of which they are put in tune ; 
all the strings give fifths to their neighbours throughout ; 
thus the first string is £, the second i 9 A, the third is | 
D, and the fourth, which is a covered one, is G. The 
tenors and basses have no K string, but a C one added 
below the G. The notes are made by compressing, 
i. e. by what is called stopping the strings on a rounded 
slip of ebony, called the finger-board, which proceeds 
from the nut full four-fifths of the distance between that 
and the bridge ; the latter being always placed on the 
belly, or sounding-board, exactly between the centres 
of two sound-holes, which are in the form of an S. 
The belly is supported by a small piece of rounded deal 
called the sounding-port, without which the tones would 
be imperfect and harsh. 

Mr. J, C. Becker, of London, obtained some years 
since, His Majesty's letters patent for improvements in 
musical instruments. His invention, it appears, con- 
sisted chiefly in some improvements in the harp and 
piano-forte. With respect to the harp, he produces 
the sharps, flats, quarter-notes, or auy intermediate 
variation deviating from the natural notes, by causing 
the wrest-pins, that is, the pins by which the strings 
are extended and tuned, to move partly round centres 
and thereby increase or decrease the tension of the 
strings more or less, as may be required to answer 
the desired change of the notes. For this purpose the 
wrest pins are connected with the pedals by a particular 
apparatus. In the specification there are figures re- 
presenting a wrest-pin passing through a socket, with 
a lever, on which slides a quadrant ; and on this qua- 
drant are fixed links that are kept stationary by a regu- 
lating screw. The' links communicate with the pedals 
by the interposition of a crank. On the crank is also 


a regulating screw to adjust the whole to th£ motion 
of pedals. Now if one of the pedals is pressed down, 
all its appertaining quadrants with the wrest-pins must 
follow, and of course the tension of the appending 
strings will be increased accordingly ; and as soon as the 
pedal is left at liberty, the strings will, by their re-action, 
resume their former degree of tension, and the pedal 
its former station ; hence a variety of changes may be 
effected on each string throughout the instrument by 
the motiou of the pedals. If in case new strings are 
put ou, perhaps differing in size and quality, any irre- 
gularity should take place, this is to be corrected by 
the regulating screw. To stop the pedals at four dif- 
ferent stations, answeriug to the natural note, to one- 
quarter, to one-half, and to three-quarter notes, a rack 
is applied which preserves the pedal in each situation in 
a perpendicular line, and thereby prevents them coming 
too close to one another. To ease the motion of the 
pedals, having each of them six or seven strings to act 
upon, the patentee applies a spring to each pedal, to 
counteract the tension of the strings, and thus to ren- 
der the motion of the pedals as easy as necessary. 

In piano-fortes, or other stringed instruments played 
with keys, he uses one or more wheels, to cause the 
strings to vibrate. These wheels are placed under or 
above the strings, and put into motion with a pedal 
or pedals, . or any other mechanical power, and the 
strings are by the touch of the keys inclined to the 
wheels. In the manner of extending and incUniDg the 
strings consists the principle of the invention. The 
principle will admit of a variety of forms and applica- 
tions. If therefore the string be any-wise extended on 
any tiring moveable, having its fulchrum any where 
within the extent of the string, the patentee claims that 
as the principle of his invention, — He further adds, 
that by his simple contrivances the pedal harp is ren- 
dered the most perfect of any musical instrument what- 
ever; because on it the skilful musician can raise and 
depress each note at pleasure, and thereby modulate 
and introduce graces beyond the limits of compa* 
sition. 
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Nails, in building, 8cc., are small spikes of iron, 
brass, &c., which being driven into wood serve to bind 
several pieces together, or to fasten something upon them. 
The several sorts of nails are very numerous: as, 
1. Back and bottom nails, which are made with flat 


shanks to hold fast and not open the wood. 2. Clamp- 
nails, for fastening the clamps in buildings, &c. 
3. Clasp- nails, whose heads clasping and sticking into 
the wood render the work smooth, so as to admit a 
plane over it. 4. Clench-nails, used by boat and 

barge 


\ 
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barge builders, and. proper fbr any boarded buildings of some of these we shall proceed to give an ac- 
that are to be taken down, because they will drive with- ! count. 

out splitting the wood, and draw without breaking; of In the year 1790, Mr. Thomas Clifford, of the 
these there are many sorts. 5 . Clout-nails, used for | city of Bristol, obtained two patents for the manufacture 
nailing on clouts to axle-trees. 6. Deck-nails, for | of nails of every kind. The principle oil which his 
fastening of decks in ships, doubling of shipping, and first invention is founded, was that of making the nails 
floors laid with planks. 7. Dog-nails, for fastening in a die; that is, by having a die or the impression of 1 
hinges on doors, 8cc. 8. Flat-points, much used in the nails to be cut into one or more pieces of iron, 
shipping, and are proper where there is occasion tol steel, or other metal, and the iron of which the nails 
draw- and hold fast, and no conveniency of clenching, are to be formed, is drawn or rolled into the proper 
9. Jobent-nails, for nailing thin plates of iron to wood, form or thickness, and, by a force adapted to the purpose, 
as small hinges on cupboard-doors, &c. 10. Lead- pressed into a cavity or die, so as to form the nails, 

nails, for nailing lead, leather, and canvass to hard either complete or so nearly complete as that they can 
wood. 11. Port-nails, for nailing hinges to the ports be finished with a very little labour. This operation 
of ships. 12. Pound-nails, which are four-square, may be done in several ways, but the one particularly 
and are much used in Essex, Norfolk, and Suffolk, recommended by Mr. Clifford, is by rollers of iron 
and scarcely any where else, except for paling, or steel, and worked either by .water, steam, wind, 
13. Ribbing-nails, principally used in ship -building, horses, 8cc. 

for fastening the ribs of ships in their places. 14. Rose- The two rollers are to be made of iron and cased 
nails, which are drawn four-square in the shank, and with steel, each of the same diameter, and the diameter 
commonly in a round tool, as all common two-penny proportioned to the length and size of the nail intended, 
nails are; in some countries all the larger sort of nails to be made. Each roller should have one or more cog- 
are made of this shape. 15. Rother-nails, which have wheels, the cogs of one roller to work into those of 
a full head, and are chiefly used in fastening rother- the other, so that the rollers may both perform the same 
irons to ships. 16. Round-head nails, for fastening on exact revolution. One half the impress of the nail is 
hinges, or for any other use where a neat head is to be cut with one roller, the other half in the other, 
required; these are of several sorts. 17. Scupper- so that the two impressions form a cavity, or die, of 
nails, which have a broad head, and are used for the exact form of the nail, extending the lengthways of 
fastening leather and canvass to wood. 18. Sharp- the nail on the circumference of the rollers; and as 
nails, these have sharp points and flat shanks, and are many impressions of the same kind may be cut iu tbe 
much used, especially iu the West Indies, for nailing rollers, one at the end of the other, as will complete 
soft wood. 19. Sheathing-nails, for fastening sheath- their circumference, and continue the cavity all round 
ing-boards to ships. 20. Square-nails, which are used the rollers : the poiut of one nail joining the head of 
for hard wood, and nailing up wall-fruit. 21. Tacks, the next, or the two points and two heads joiniug each 
the smallest of which serve to fasten paper to wood ; other. The rollers must in this, as in other cases, be 
the middling for wool-cards,- &c., and the larger for made to work very true, and close to each other, 
upholsterers and pumps. Nails are said to be tough- The mode of operation is this; a rod of metal, iron, 
eued when too brittle, by heating them in a fire-shovel, for instance, rolled or drawn to a convenient size is to 
and putting some tallow or grease among them. be heated, and, while hot, the end of it is put between 

Such are some of. the various descriptions of nails the rollers, into the cavity or die which forms the im- 
employed by mechanics in the different arts of life, and pression of the nhil. The rollers being now put in 
as new arts and new inventions arise from human inge- motion, will draw the iron through, pressed into the,, 
nuity, other kinds of nails will be formed, adapted to cavity or die which forms the impression of the nail, 
the several purposes for which there is a demand. For- the one joined to the other, w hich must be afterwards 
merly the nail-maker’s process was very tedious, every separated by means of instruments acting as nippers, 
nail being made by the hand, and each begun and shears, chisels, &c. The rollers being made to work 
finished by the same individual ; it was afterwards dis- very close to each other, where the edge of the nail is 
covered in this manufacture, as in many others, that by formed, will prevent much of the metal from being 
a division of labour, and by assigning to different per- pressed out on each side of the nail, and what is pressed . 
sons the pointing, the heading , See., a greater quantity out may be cut off J>y instruments adapted to the pur- 
of work was done by the same number of hands ; of po9e. 1 Several pairs of rollers may be made to work 
course the processes were mucli simplified, and expe- together, and each pair may have several rows of dies 
dited, and the article could be sold on much lower cut on them, 90 as to form the impression for several 
terms. strings of nails ; and a rod of iron, being put into each 

Within the last five and twenty years divers ingenious of them, will roll out as many strings of nails with one 
mechanics have not only improved the methods of ma- revolution of the rollers. A pair of rollers may also 
nufacturing nails, but have thought it worth their have the greater part of their surface cut with dies, and 
while to secure to themselves the exclusive right of a flat bar, or piece of iron, be made to pass between 
their inventions by obtaining the king’s letters patent i the rollers, so as to form sheet nails ; the whole of 

them 
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them connected to one another by thin plates of iron, 
of which they are composed, and this would require 
each nail to be cut out or separated from the sheet by 
proper instruments. 

Mr. Clifford's second invention consists, 1. In draw- 
ing the iron, or other metal, into a tapering or wedge- 
like form, according to the length and thickness of the 
different sizes of nails to be made. 2. The nails are to 
be cut out of those wedge-like or tapering plates, by 
means of a punch, the face of which is made accord- 
ing to the size, taper, and form, of the nail to be cut 
out; as also having a hollow bolster, the hollow or 
aperture of which must also be made of the size and 
form of the nail, and consequently to fit and receive 
the punch above-mentioned. The punch thus fitted to 
the bed, and sliding in the frame to keep it steady, will, 
by a blow, or by pressure, cut or force a part of tlie 
taper plate into and through an aperture of the bed 
fitting to it, and by which the nail is formed. This 
operation is by the manufacturers of buckles, buttons, 
8tc., generally called cutting-out 3. To form the heads 
of horse-nails, called rose-heads, and others of nearly 
a similar kind, after the operations of drawing and cut- 
ting. out, the nail is to be put into a heading-tool, which 
is also called a bed, which bed receives the nail, ex- 
cepting a small portion, at the thick end of w'hich the 
bead is formed, by a punch or die. This die, by a 
blow, or pressure, forms the head as required; and 
when the nails are made of hard iron, alter they are 
cut, in the way described, the thick end is made hot 
before they are put into the bed or heading-tool. 4. An- 
other method adopted in the manufacture of uaUs, is 
by cutting them out of or from plates of equal thick- 
ness, and afterwards to point them, either by a hammer 
or other pressure. 5. In making nails that are of a | 
triangular form, the plate or strip of iron is pressed or | 
stamped into a die, having impressions cut to the form | 
of such nails, after which they are cut out by a { 
punch. | 

About the same period in w hich the foregoing patents | 
were obtained, Mr. William Finch, of Woomboume, 
in Staffordshire, invented another method of making 
nails and spikes by machinery, to be wqrked by steam, 
&c., by which all manual labour was to be saved. In 
bis specification he describes his power as consisting of 
one main shaft, caused to revolve in either a horizontal 
or perpendicular direction by means of a water-wheel, 
or a steam-engine. Such main shaft will put in mo- 
tion, by means of cogs and pinion- wheels, other coun- 
ter-shafts or barrels, on which are fixed arms, 8cc., and 
ou these are hammers that are worked in either a lift, 
or tilt manner. He also makes three divisions of hands 
iiv the manufacturing of headed-nails, namely, one 
man, woman, or child, to carry the heated rod to the 
jnan, woman, or child, stationed before the hammer, 
which person, by mere activity, will with one hand not 
only form the largest size nail, but a far greater number 
in the same given time': when the third person, wiU, 
with the same kind of hammer, head and finish a num- 


ber of the said shanks together, leering them truer 
made, and better for use, then the present mode. 
Also, by a division of hands, will make such nails as 
require no tool or frame to be headed in ; namely, the 
one to carry the iron from the fire, and the other sta- 
tioned before the Hammer to finish them. In enu- 
merating the advantages and savings of this method 
above the others then in use, Mr. Fiuch says, that by 
heating many rods in one fire, there wiU be a saving of 
coal : — by the more speedy motion of machine-hummers, 
several nails will be made at once* heating the rod, 
whereas, by the old method, only one is made : aga in, 
the motion being regular, independently of strength, a 
child wiU be able to make the largest nail or spike. A 
farther benefit, it is said, will arise to the manufacture* 
by this mode, viz. that he will have bis business done at 
one place, or under one roof, whereas, by the old me- 
thod, the workmen sometimes live many miles asunder, 
and cannot be overlooked. Likewise, by this method, 
the limbs of those employed in the manufactory will 
be preserved to the end of life, but, in the old method, 
it frequently happened that nail-makers were lamed m a 
few years, and became burdensome to the parish. 

Another invention of this kind is that for which a pa- 
tent was obtained in 1808, by Messrs. WHhnore and 
Tonk, and which may be thus described : — 

“ They take a nail-rod, of a size suitable to the size 
of the nail intended to be manufactured, and applying 
it to a common screw-press, mounted with proper 
cutters, cat off from the end of the rod two pieces at 
once, obliquely across the rod in one place, and di- 
rectly across it in another. Two studs or stops are set 
up, which are attacked to the press, and are moveable 
in the direction of the rod, for the purpose of ascer- 
taining the length of the nail ; and both studs are ad- 
justable in the cross direction of the rod, so that die 
obliquity of the cut, according to the kind of nail to be 
made, is thereby determined, as well as the length of 
the nail. This is called the first operation* 

“ The second operation is to anneal the pieces so cut 
off, if the iron should not be sufficiently malleable, 
which is done in the usual and well-known manner. 
The third operation is that of heading, which for 
clasp-head nails> consists of two parts, one for gather- 
ing, and the other for forming the head of the nail. 
The first part of this operation is performed by putting 
a piece eut off the rod of iron, as before described, 
into a pair of clams, leaving as much of the thick end 
projecting above the clams as is sufficient to form the 
bead* These clams have steel bits let into them with 
sharp edges, which press only against the two opposite 
sides of the piece, and which have die effect of two 
chisels when the punch of the press is brought down 
upon the piece with considerable force, and raise or 
gather up iron on each side towards forming the head. 
The second part of this operation is to put the piece 
thus prepared into another pair of clams, having bits 
formed to correspond to the under side of the head ; 
and the punch, having the impression of the upper side 
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of the head engraved or sunk into it, is brought to press 
strongly upon the head in the clams, and thereby the 
clasp-head is properly formed. 

“ For nails intended to have rose-heads, or any other 
kind of heads, except clasp-heads, the first part of this 
operation is not absolutely necessary, but the bits, which 
for clasp-naiis must have sharp edges, must for the other 
kind of nails have blunt edges, to prevent the under- 
cutting. For the second part of this operation, 1 the 
piece is put either into a pair of clams, or into the tool 
commonly called a bore, and then pressed with punches, 
properly engraved or sunk, according to the kind of 
head wanted. By the first operation, the piece cut off 
the rod of iron is formed something like a mortise- 
chisel ; the fourth operation is to poiut it, which is done 
by putting the piece into a bed of steel, in which is cut 
a nick or groove, having parallel sides, but the bottom 
rising towards the end where the point of the nail is to 
be formed. The punch is shewn in the specification, 
and the end which presses uppn die point of the nail is 
made tp project farther than the other part, so as to 
meet the corresponding part of the bed when the punch 
js brought upon the nail. The groove, or nick, in the 
bed should be just wide enough to receive the piece 
easily, but prevent it from twisting when the impression 
is made. The piece is put twice into the nick ; once 
with the chisel, the end lying horizontal, and next turn- 
ed a quarter round, to press the chisel edge into a 
pointed form. Jf the nails, by the strong pressure 
which is necessary in this operation, should become too 
hard to clench, they anneal them in the* ordinary way, 
which may be called the fifth operation. The third, 
fourth, and fifth operations above described are applied 
to nails, or pieces cut off from sheet or rolled iron in 
the ordinary way ; but 89 they, in consequence of the 
fifth operation, which is necessary to give them the qua- 
lity of clenching, are apt to be too soft to drive well, 
a sixth operation is applied, viz. quenching them, when 
red hot, m water or other proper fluid, which gives them 
stiffness enough to drive without destroying the quality 
of clenching. Figures attached to the specification show, 
1. A pair of clams, with bits or dies let into them, 
which can be renewed from time to time with more 
ease, and at less expense, than by the usual method. 
These bits are proper for the first part of the third ope- 
ration. 2. A pair of bits, or dies, proper for making 
either rose-heads or flat beads. 3. A pair of bits, or 


dies, proper for the second part of the third operation 
for qlasp-head nails. 4. A view of the common screw- 
press, in which is shown the side-pin, or screw, by 
which the clams are firmly pressed together at the time 
the punch is pressed down upon the nail. This pin, or 
screw, is generally worked by the foot, by means of the 
lever connected with a treadle, while the hand applies 
its force to the handle of the fly ; hut to the head of the 
main screw is fixed a portion of a pulley (or a whole 
one), to which is attached a rope, chain, belt, or other 
connecting pliable material, whidk flying round the e<lge 
of another pulley fixed to the frame of the press, and 
standing vertically descends, and is attached to the 
moveable end of the treadle; and on this treadle is 
placed a weight, heavy enough to press tha clams to- 
gether with sufficient force. By means of the latter 
described machinery, which is die only part claimed by 
the patentees as their invention, the operation of press- 
ing is performed by the action of the hand only, and is 
found very convenient.” 

We may mention, in connexion with this subject, a 
new method, or improvement in the manufacture of 
bagging for packing of nails, adopted by Mr. Benjamin 
Haden, of Sedgley, in Staffordshire. He takes for his 
warp, hurds or tow, prepared in the usual way, such as 
are in common use in the manufacture of nad-baggiug, 
but for his wefts or woofs he takes old ropes, or junkj 
of any dimensions ; and after untwisting or dividing the 
threads or filaments thereof, he winds it into bobbins 
or quiHs, and then they become fit for the shuttle ; and 
he weaves them with the common warp in the common 
way. The materials just mentioned are said to be pe- 
culiarly adapted to give strength and durability to the 
article^ and are therefore perfectly fit for the bagging 
of nails. The yam, of which ropes are generally 
made, particularly king’s ropes, is spun from the 
choicest hemp, and strongly impregnated with tar.. 
The threads taken from the middle of such ropes, not 
having been exposed to the weather, or to friction, are 
as sound and as strong as when originally used. The 
tarry "matter with which these threads are impregnated, 
renders them peculiarly advantageous in the manufac- 
ture of sacks that require great strength, and substance, 
the weft being composed of these threads, finely spun, 
which are good and strong, tenacious, and not liable to 
rent or perish with the wet, nor to burst in carriage 
to the great loss of those concerned. 
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Needle, a very common little instrument, or uten- 
sil, made of steel, pointed at one end and pierced at 
the other, used in sewi<£> embroidery, tapestry, 8tc. 
Needles make a very considerable article in commerce, 
though there is scarce any commodity cheaper, the con- 
sumption of diem being almost incredible. The sizes of 
common sewing needles are from No. 1, the largest, 
to No. 25, the smallest. Besides sewing-needles there 
are, under the denomination of needle, the netting and 
the knitting-needle : the glovers’ needle, with a trian- 
gular point ; the tambour needle, which is made like a 
book, and fixed in a handle, the hook being thrust 
through the cloth, the thread is caught under the hook, 
and die needle is drawn back taking the thread with 
it. 

In the manufacture of needles, German and Hunga- 
rian steel is of most repute. In the making of them, 
the first thing is to pass the steel through a coal fire, 
and under a hammer, to bring it out of its square figure 
into a cylindrical one. This done, it is drawn through 
a large hole of a wire-drawing iron, and returned into the 
fire, and draw*) through a second hole of the iron 
smaller than the first ; and thus successively from hole 
to hole, till it has acquired the degree of fineness re- 
quired for that species of needles ; observing every time 
it is to be drawn, that it be greased over with laid, to 
render it more manageable. The steel thus reduced to 
a fine wire, is cut in pieces of the length of the nee- 
dles intended. These pieces are flattened at one end on 
the anvil, in order to form the head and eye ; they are 
then put into the fire to soften them farther, and thence 
taken out and pierced at each extreme of the flat part 
on the anvil, by force of a puncheon of well-tempered 
steel, and laid on a leaden block to bring out, with an- 
other puncheon, the little piece of steel remaining in 
the eye. The corners are then filed off the square of 
the heads, and a little cavity filed on each side of the 
flat of the head ; this done, the point is formed with a 
file, and the whole filed over : they are then laid to heat 
red-hot on a long narrow iron, crooked at one end, in 
a charcoal fire ; and when taken out thence, are thrown 
into a bason of cold water to harden. On this opera- 
tion a good deal depends ; too much heat bums them, 
and too little leaves tnem soft ; the medium is learned 
by experience. When they are thus hardened, they are 
laid in an iron shovel, on a fire more or less brisk in 
proportion to the thickness of the needles ; taking care 
to move them from tiipe to time. This serves to tem- 
per them ; and to take off their brittleness ; great care 
here too must be taken of the degree of heat They 


are then straightened one aftet* another with the ham- 
mer, the coldness of the water used in hardening them 
having twisted the greatest part of them. 

The next process is the polishing them. To do Ads, 
they take 12 or 15,000 needles, and range them in little 
heaps against each other on a piece of new buckram 
sprinkled with emery-dust. The needles thus disposed, 
emery-dust is thrown over them, which is again sprinkled 
with oil of olives ; at last, the whole is made up into a 
roll, well bound at both ends. This roll is men laid 
on a polishing table, and over it a thick plank loaded 
with stones, which two men work backwards and for- 
wards a day and a half, o t two days, successively ; by 
which means the roll thus continually ag stated by the 
weight and motion of the plank over it, the needles 
withinside being nibbed against each other with oil and 
emery, are insensibly polished. After polishing they 
.are taken out, and the filth washed off them with hot 
water and soap : they are then wiped in hot bran, a 
little moistened, placed with the needles in a round box, 
suspended in die air by a cord, which is kept stirring 
till the bran and needles be dry. The needles thus 
wiped in two or three different brans, are taken out and 
put in wooden vessels, to have the good separated from 
those whose points or eyes have been broken either in 
polishing or wiping ; the points are then all turned die 
same way, and smoothed with an emery stone turned 
with a wheel. This operation finishes them, and there 
remains nothing but to make them into packets of from 
twenty-five to one hundred each. 

Such is the ancient method of the manufacture of 
needles ; we shall now give a rgther more detailed de- 
scription as the business is now generally carried on. 
The wire when drawn to a proper size, which is ascer- 
tained by gages, is made up into coils for package: 
these coils eff wire are heated to a dull red-heat in a fur- 
nace, and suffered to cool gradually, to soften and 
anneal it, with a view of facilitating the working of the 
steel ; this commences by cutting the wire into lengths, 
which is done by . a pair of shears. The workman 
being seated before a bench, takes, perhaps, a hundred 
pieces of wire for fine needles, and introduces (heir ends 
between the blades, which he opens with his right 
hand, and pressing the ends of the wire against a gage, 
which renders them all of one length, he cuts them off, 
and they drop down into a tin pan placed on a small 
shelf in front of the bench ; the ends of the wire are 
now pressed against the gage, and cut off again. In 
this way the wires are cut into the lengths of the required 
needles. The second operation is flatting die end for 
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the eye of the needle, which is done by a workman 
taking three or four pieces of the wire between his 
fitter and thumb, placing them on a small anvil, and 
striking one blow upon each, expands the end suffici- 
ently to receive the point of the punch which pierces 
the eye. This the same person does before he lays 
them down, with a small instrument, fixed on the same 
Mock as that to which die anvil is fixed. The end of 
the needle is placed in a small notch in the bed of the 
instrument, and is put exactly beneath the punch, and 
a slight stroke of the hammer punches the eye, and at 
the same time forms the semi-circular groove near the 
eye of the needle, to bury the thread. The notch 
which receives the needle is made in a piece of steel 
whioh fits into a dove-tail notch in die bed of the instru- 
ment, so that it can be changed for a larger or smaller, 
correspondent to the size of the needles to be pierced. 
The workman holds the needles in the same manner as 
he did for flatting ; and placing them one by one, suc- 
cessively in the notch in the bed-piece, pierces them by 
striking a single blow of his hammer on the end of a 
slider ; the slider is immediately returned by a spring. 
He now places the next needle under the punch, and 
when they are all pierced in this manner, he rolls them 
over by moving his thumb, so as to turn them all half 
round, and bring them upwards the opposite side to 
that which was pierced ; this being done, he repeats the 
punching on the other side with a view to finish, and 
clear the eye, and to form the groove which there is in 
ail needles. They are now rounded at the eye-end to 
take off the roughness, which is done in an instant by 
applying them to a grindstone. 

The next process is hardening and tempering : the 
first is done by placing a great number together upon a 
piece of iron, bent up at the ends and sides that they 
may not roll off, and introducing them into a small 
furnace: when they become of a red heat they are 
taken out, and suddenly plunged into a vessel of cold 
water ; this renders them very hard. Some manufactu- 
rers make use of oil, or tallow, and other ingredients 
instead of water, which substances are supposed to 
improve the process. The needles thus hardened are 
returned to the furnace with the oil upon them, and 
remain there till the oil inflames, when thfcy are with- 
drawn and again cdoled in cold water. This second 
process tempers them : at first they were quite hard, 
and so brittle as to break with die slightest touch : 
the tempering takes off the brittleness, but leaves diem 
bard enough to take a good point. When they are 
hardened in water, according to the old method, the 
heat for tempering them can only be guessed at, or 
estimated by experience, but the flaming of the oil 
is a much more certain method. The needles are now 
examined, and many of them will be found crooked 
by hardening, which are discovered by rolling them 
over as they lay in rows on a board, and such are se- 
lected and made straight by a blow in the notch in the 
anvil. Being thus straightened they require to, be 
pointed, which is done by a large grindstone turned by a 


mill, either of water or steam. In this operation the 
workman, sitting astride before the stone on a block 
shaped like a saddle, takes up 20 or 30 needles, laid side 
by side across a small wooden ruler, covered with soft 
leatjber ; -another similar ruler being laid over the needles 
to confine diem. ' The workman holds the rulers in his 
hands, and thus presenting the ends of the needles to the 
grindstone points them with great dexterity. After 
pointing, they are to be polished in the manner already 
described. The points are next finished and rendered 
perfectly sharp, by grinding them upon a wooden 
wheel covered with emery, being held in the same 
manner as for the first grinding. They are then cleaned 
and packed up in certain numbers according to their 
sizes. A great number of the small packets are made 
into larger parcels, wrapped in several thicknesses of 
paper and coverings of bladder and packing-cloth, in 
which state they are sent to market. * 

Surgeons’ needles are generally made crooked, and 
their points triangular ; however, they are of different 
forms and sizes, and bear different names, according to 
the purposes they are used for. The largest are needles 
for amputation; the next, needles for wounds; the 
* finest, needles for sutures. They have others, very 
short and flat, for tendons ; others, still shorter, and 
the eye^ placed in the middle, for tying together of 
vessels, etc. Needles for couching cataracts are of 
various kinds ; all of which have a small, broad, and 
sharp point or tongue, and some with a sulcus at the 
point Surgeons have sometimes used two needles in 
this operation ; one with a sharp point for perforating 
the coats of the eye, and another with a more obtuse 
point for depressing or couching the opaque crystalline 
lens ; but care should be taken in die use of any of 
these, that they be first well polished with cloth or 
leather, before they are applied to the eye. 

Mr. Warner observes, that the blade of the couching 
needle should be at least a third part larger than those 
generally used upon this occasion, as great advantages 
will be found in the depressing of the cataract, by the 
increased breadth of the blade of that instrument. 
The handle, also, if made somewhat shorter than usual, 
will enable the operator to perform w'ith greater steadi- 
ness, than lie can do with a larger handled instrument. 
It is to be observed, that needles of silver pierce, more 
easily in stitching arteries after an amputation, than 
those made of steel. 

We shall close this short article with an account of 
a patent invention for the manufacture of needles of 
all sorts by Mr. William Bell of Walsal, which we 
shall give in his own words. 

“ The method by which I make needles, bodkins, 
fish-hooks, knitting-pins, netting - needles, and sail- 
needles, is by casting them with steel or common 
fusible iron, called pig or cast-iron, into moulds or 
flasks tnade with fine sand. Or, otherwise, I make 
stocks or moulds of iron or steel, or any other compo- 
sition capable of being made into moulds, on which 
stocks or moulds I sink, engrave, or stamp, impressions 
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of the said articles. Infa these I pour my melted woe 
or steel (I prefer for my purpose sand casting), and 
prepare my iron or steel as follows ; I melt it in a pot 
or crucible, in small quantities about the weight of 
twelve pounds {and upwards to twenty pounds), the 
more conveniently to divest it of its heterogeneous par- 
ticles, and to purify it from its earthy or sulphureous 
qualities. . When the iron has attained a proper beat, 
X take charcoal-dust mixed with lime or common salt, 
which I throw into the pot of melted iron; and, by 


frequently storing it with an iron rod., I bring to foe 
surface of the iron a scoria which I frequently skim off, 
and thus bring my iron into a refined state. 1 then 
pour it into foe mould before described. The articles 
being thus formed are capable of being softened, har- 
dened, or tempered in foe usual way by which needles, 
bodkins, fish-hooks, knitting-pins, netting-needle9 and 
sail-needles have heretofore been manufactured ; there- 
fore foe principal merit of my invention is in casting 
them instead of making them in foe usual way.” 


HOUSE-PAINTING. 


Painting, as applied to buildings, comprises in 
the first place foe colouring over all foe several kinds 
of wood, iron-work, 8tc., employed therein with mine- 
ral colours, rendered fluid by saturation with oils, oil of 
turpentine, &c. A pigment so prepared is spread "over 
them with a brush, and by the repetition of several coats, 
they together operate to their protection, and at the 
same time give a variety and neatness to the general 
appearance of a house. This kind of painting will be ! 
divided in this section under its several heads, as it is 
practised in London, and will embrace the working in 
common colours, also graining of its several kinds, or- 
namental painting, inscription writing, &c. & c. All 
the prismatic colours are occasionally called into use 
by the painter, and he varies these to suit the taste of his 
employer into almost every gradation of tint. But foe 
ground-work of all house-fainting is formed by a paint 
prepared from lead, known in foe arts as ceruse, or 
white-lead. This is manufactured for use at places 
called the White-lead Works, and is performed in the 
following manner, viz. by rolling leaden plates spirally 
up, so as to leave foe space of about an inch between 
each coil, and afterwards placing them vertically in 1 
earthen pots, at the bottom of which is some good 
vinegar. The pots are then to be covered, and exposed 
for a length of time'to a gentle heat in a sand bath, or by 
bedding them in hot dung. The vapour of the vinegar 
assisted by the tendency of the lead to combine with 
foe oxygen which is present, corrodes the lead, and 
converts the external portion of it into a white substance 
which comes off in flakes when the lead is uncoiled. 
The plates are thus treated repeatedly Until they are 
corroded through, and completely reduced to an ox- 
yde ; this is called ceruse , or white-lead. It is after- 
wards, bleached, ground, and saturated with linseed 
oil. It is then put into tubs resembling butter firkins, 
eaeh containing about three hundred weight : in such 


tubs it is dispensed at the colour shops. But at such 
places it is frequently adulterated with powdered chalk, 
so that an experienced painter who is desirous that his 
work should retain its colour, prefers purchasing his 
lead at foe works, where he is sure of having h pure. 
Lead improves by keeping, and all foe best whites are 
performed by it when it is at least two or three years 
old. The Nottingham ceruse is most esteemed for 
house work when it is required to be finished in what 
is technically called flatting or dead white. 

litharge is employed by painters to render their 
colours more drying, and is composed of the ashes of 
lead, or a kind of dusky powder that first appears in 
its oxydation. When in this state it is called by the 
chemists a subcarbonate of lead, and is afterwards sa- 
turated with linseed oil to render it more drying. 

Linseed Oil is obtained by (pressure from tbe seed 
of flax ; it is afterwards filtered to clear it of any of the 
feculae of the seed, and then suffered to remain in tubs 
to precipitate and clarify. The more colourless the 
oil is foe better, and this is greatly promoted by 
keeping, as linseed oil will by being kept a year or two 
deposit all its colouring particles, and be as transparent 
as water : foe best painting is made with oil in this 
state. In Holland they whiten their linseed oil by a 
very simple process, which is said by them to answer 
every purpose to be derived from ks age. They take 
an earthen pot well glazed, into which they put one- 
third of fine white sand and one-foird of water with 
the linseed oil they wish to whiten ; and after having 
covered the vessel with glass they expose it to the sun, 
taking care to stir it at least once a day. When the oil 
has become very white, it is left at rest during two 
days, after which it is taken away for use. 

Of Drying Oils .— The substances most usually em- 
ployed to produce them are the oxyde of lead, called 
litharge, plaster, and umber. The process consists in 
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taking of these several materials in the proportions as 
follow, viz. to one pound of oil add half an ounce of 
litharge with as much ceruse, umber, and plaster. 
The oil is boiled on these four drugs over a gentle fire, 
taking care to skim it from time to time ; this matter so 
skimmed off is called by the house-painter smudge, or 
dryer ; it is of a lead colour, and is used by him in his 
outside work, and sometimes mixed in the dark colours 
to render them more susceptible of fixing and drying. 
As soon as this scum begins to rarity and become red 
the fire is stopped, and the oil being left at rest gra- 
dually settles and clarifies. Linseed oil so prepared is 
vended at the colour shops under the name of boiled- 
oil. All the best house-painting is done with it. 

Mr. Vdnherman has lately laid before the Society of 
Arts, a method of rendering fish-oil applicable to 
painting ; and it appears to make a good and cheap 
vehicle for colours exposed to the weather, though it 
dries but slowly. To thirty-two gallons of vinegar he 
adds twelve pounds of litharge and twelve pounds of 
sulphate of zinc, shaking the mixture well twice a day 
for a week. The mixture is then put into a tun of fish- 
oil, with which it is well shaken arid mixed, and the 
next day the clearer part, about seven-eighths of the 
whole, is poured off. Twelve gallons of linseed oil and 
two of oil of turpentine are then added to the clear 
part, and this being well shaken together is left to 
settle for two or three days, when it will be fit to grind 
white lead and all fine colours in: these, however, are 
to be thinned for use with linseed oil and oil of turpen- 
tine. For cheap paints exposed to the weathei*, whiting 
and road dirt finely sifted are to be mixed with lime 
water to the consistence of mortar. To this composi- 
tion may be added almost any pigment ground with the 
sediment of the prepared oil, in the proportion of one 
part to two of the lime water already used, and the 
whole is to be thinned for use, by adding to every 
eight pounds a quart of linseed oil and as much of a 
mixture of the prepared oil with lime water. The 
proportions of the mixture are not mentioned. If two 
ounces of litharge be added to a gallon of linseed oil 
and well shaken every day for a fortnight, and the 
clearer part mixed with half a pint of oil of turpentine 
be ^exposed to the sun for two or three days in shallow 
pans, Mr. Vanherraan says “ it will be as white as 
nut oil.” If half a pound of frankincense be dis- 
solved in a quart of oil of turpentine and added to a 
gallon of this bleached oil and white lead ground in oil 
of turpentine be thinned for use with the mixture, he 
amerts that it will be quite dry and void of smell in four 
hours. 

Oil of Turpentine, or, as it is called, Turps, is in 
general use among us im house-painting, and is the 
ingredient by which the flatting, as it is termed, is per- 
formed. All the larch and fi? trees furnish a resin 
known by the general name of turpentine. Commerce 
distinguishes several qualities according to its degree 
of goodness. The larch tree furnishes what is called 
Venice Turpentine ; it is obtained by being made to 


1 flow from die trunk of the tree through holes made 
i with an augur in which small pipes are fixed, that 
conduct the juice into buckets placed to receive it. 
This turpentine has a yellowish, and limpid colour, a 
strong aromatic smell, and bitter taste. In Canada the 
peasants collect it from the fir tree by perforating the 
sacs , which contain it under the bark, with the point of 
a horn which is filled with this juice. It is afterwards 
distilled, in which it liberates an oil more or less vola- 
tile, according to the degree of heat employed. When 
the operation is done by a bath, a white, limpid, and 
odoriferous oil is obtained which is called essence 
of turpentine. The residue from this distillation forms 
the boiled turpentine of commerce. This is sold at 
the colour shops in the same way in which oil is, viz. 
by the gallon. This as well as the oil considerably im- 
proves by age: hence all painters in a large way of 
business keep it by them in quantities which enables 
them to depend on their work retaining its colour : a 
circumstance of no little importance in our mode of 
house-painting. 

Of the Colours . — The colours jised by painters may 
be classed as follows : 

Vermilion, 

Native Cinnabar, 

Red-lead, 

Scarlet-Ochre, y 

. Common Indian Red, 

Red ) Spanish-Brown, 

l Terra di Sienna , burnt 
Carmine, 


Blue 


Yellow 


Green 


Orange 


Lake. 

Rose-Pink, 
Red-Ochre, 
Venetian Red. 
Ultramarine, 

Ditto, ashes, 

. Prussian- Blue, 
j Verditer, 

I Indigo, 

V. Smalt. 
Kings-Yellow, 
Naples Ditto, 
Yellow-Ochre, 
Dutch-Pink, 

English Ditto, 

Light Pink, 

‘ Gamboge, 

Masticot) 

Common Orpiment, 
Gall-stone, 

Terra di Sienna . 
fVerdigris, 

J Crystals of Ditto, 
Prussian-Green, 

| Terra Verte f 
^Sap-Green. 
Orange-Lake. 

6 B 


j 

i 

j 


Colour red, 
tending to 
Orange. 


Colour Crim- 
son tending to 
Purple. 


Purple 
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Purple 


Brown 


Black 


f True Indian Red, 

Archil, 

^Logwood Wash, 
f Brown-Pink, 

Bistre, 

J Brown-Ochre, 
j Umbre, 

I Cologne Earth, 

^Asphaltum. 

( White-flake, 

White-lead, 

I Calcined Hartshorn, 

White 4 Pearl White, 

Troy White, 

Eggshell White, 

^Flowers of Bismuth, 
f Lamp-black, 

Ivory Ditto, 
t^Blue Ditto. 

These embrace almost the whole of the colours em- 
ployed by the house-painter, and which by expe- 
rience he is enabled to mix in proportions to effect 
almost every tint. 

Vermilion is a bright scarlet pigment, and is formed 
of common sulphur and quicksilver prepared for use by 
a chemical process. The best vermilion comes from , 
China, where it is said the secret of making it alone j 
is known. The Dutch pretend to have obtained it, and 
much of the vermilion at the shops is of their manu- 
facture. It is so dear that the painters have recourse to 
every expedient to avoid using it, hence it is that the 
true Chinese pigment of this colour is seldom seen. 

Cinnabar is a similar pigment, differing only from 
vermilion by a more crimson colouring. 

Red-Lead, or minium, is lead calcined till it ac- j 
quire a proper degree of colour by exposing it with a 
large surface to the fire. 

Scarlet-Ochre is an earth with a base of green 
vitriol, and is separated from the acid of the vitriol by 
calcination. 

Common Indian Red, is of an hue verging to scar- 
let, and is imported from the East Indies. 

Venetian-Red is a native ochre rather inclining to scar- 
let ; this is the pigment which is selected for the grain- 
ing, as it is called by the house-painters, of doors, &, c., 
in imitation of mahogany. 

Spanish-Brown is a native earth, found in the state 
and of the colour in which it is used. 

Terra di Sienna is a native ochre, and is brought 
from Italy in that state in which it is generally found. It 
is yellow originally, and in this state it is often made 
use of, and is accordingly placed among the yellow 
colours. It changes to an orange-red by calcination, 
though not of a very bright tint, for which property it 
is sought to produce a pigment of that colour. 

Carmine is a bright crimson colour, and is formed 
of the tinging substance of cochineal with nitric-acid. 
It is not well calculated to mix up with oil, as its 
colour changes rapidly by exposure to the air and light. 


Lake is a white earthy body, as cuttle fiah-bone, 
the basis of alum or chalk tinged with some vegetable 
dye, such as is obtained from cochineal or Brasil wood, 
taken up by an alkali and precipitated on the earth by 
the addition of an acid. 

Rose-Pink is a lake like the former, except that the 
earth or basis of the pigment is principally chalk, and 
the tinging substance is extracted from Brasil or Cam- 
peachy wood. 

Red-Ochre is a native earth, but that which is in 
common use is coloured red by calcination, being yellow 
when dug out of the earth, and the same with the yel- 
low ochre commonly used. This latter substance is 
chiefly brought from Oxfordshire, where it is found in 
great abundance. 

Ultramarine is a preparation of calcined lapis-lazuli , 
which is, when perfect, of a brilliant blue colour, of 
an extremely beautiful and transparent effect in oil, and 
will retain this property with whatever vehicle or pig- 
ment it may be mixed. It is excessively dear and is 
frequently sold at the colour shops in an adulterated 
state. 

Ultramarine Ashes are the residuum or remains of 
the calcined lapis-lazuli . 

Prussian-Blue is a brilfiaut pigment ; it is the fixed 
sulphur of animal or vegetable coal chemically conn 
bined with the earth of alum. 

Verditer is the mixture of chalk with the precipitat- 
ed copper, which is formed by adding the due pro- 
portion of chalk to the solution of copper made 
by the refiners in precipitating the silver from die 
nitric acid in the operation called parting , in which 
they have occasion to dissolve it in order to its puri- 
fication. 

Indigo is a tinging matter extracted from certain 
plants which are found in both the Indies, and from 
whence the Indigos of commerce are imported. 

Smalt is glass coloured with zaffer, and afterwards 
ground to a powder. 

Kings-Yellow is a pure orpiment, or arsenic co- 
loured with sulphur. 

Naples-Yellow is a warm yellow pigment rather 
inclining to orange. 

Yellow-Ochre is a mineral earth, which is found in 
many places, but of different degrees of purity. 

Dutch-Pink is a pigment formed of chalk, coloured 
with the tinging particles of French berries. It is not 
well adapted to work in oil by reason of its colour 
soon flying off. 

English and light Pink are merely a lighter and 
coarser kind of Dutch pink. 

Gamboge is a gum brought from the East Indies ; 
it is dissolved in water to a milky consistence, and is 
then of a bright yellow colour. 

Masticot , as a pigment, is flake-white or white-lead 
gently calcined, by which it is changed to a yellow, 
which varies iu tint according to the degree of the 
calcination. 

Orpiment is a fossil body of a yellow colour com- 
posed 
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posed of arsenic and sulphur, with a mixture fre- 
quently of lead and sometimes other metals. 

Gall-done is a concretion of earthy matter formed in 
the gall bladder of beasts. It is but little used. 

V erdigris is an oxyde of copper formed by a vegeta- 
ble acid : it is used in most kind of painting where green 
is required. 

Crystals of Verdigris is the salt produced by the 
solution of copper or common verdigris in vinegar. 

Prussian-Green is in composition similar to blue of 
the same name. 

Terra Ferte is a native earth ; it is of a bluish green 
colour, resembling the tint called sea-green. 

Sap-Green is the concreted juice of the buckthorn 
berry. 

Orange-Lake is the tinging part of annatto, precipi- 
tated together with the earth of alum. 

True Indian Red is a native ochrous earth of a 
purple colour, but so scarce as seldom to be met with 
at the colour shops. 

Archil is a purple tincture prepared from a kind of 
moss. 

Logwood is brought from America, and affords a 
strong purple tincture. 

Brown-Pink is the tinging part of some vegetable 
of an orange colour precipitated upon the earth of alum. 

Bistre is a brown transparent colour of yellowish 
tint. 

Broom-Ochre is a warm brown or foul orange colour. 

Cologne Earth is a fossil substance of a dark blackish 
brown colour, a little inclining towards purple. 

Asphaltum is sometimes employed by the painters to 
answer the end of brown pink. 

Whitefiake is a ceruse prepared by the acid of grape. 

Troy White is simply chalk, neutralized by the addi- 
tion of water in which alum has been dissolved. 

Lamp-black is the soot of oil collected as it is 
formed by burning. 

Ivory-black is the coat of ivory or bone formed by 
giving to them a great heat, all access of the air being 
excluded. 

Blue-Black is the coal of some kind of wood burnt 
in m close beat where the air can have no access. 

Such are the several colours employed by painters ; 
they are all to be found in the colour shops both in a 
crude and prepared state. Preparing the colours con- 
sists in the first place of grinding them on slabs of 
porphyry till the particles are reduced to the finest ima- 
ginable state ; this is done by saturating them with oil 
or water, according as the colour ground is to be used 
with either of them. 

House-painting is known in the trade by the number 
of coats of paint applied, and the painting is divided 
into work in oil and what is technically called flatting . 
This latter description of work differs from the former 
only in the colour being mixed up with turpentine in- 
stead of oil. Good painting is known by the fullness 
and solidity of its appearance without any marks of the 
brush \ whereas cheap painters care little about this. 


To give a fresh appearance, and get their work out of 
hand, and be paid, is their only concern. 

In the division of houseq>ainting, as understood be- 
tween the surveyors and workmen, are as follow : — 

Clearcole and finish, signifies that the work is to be 
done in the cheapest way, and the process of doing which 
consists in first dusting and cleaning what is to be 
painted, and stopping and fiUing-up all cracks and de- 
fects with putty. After which the whole is painted 
over with a paint prepared of whiting and size, which 
forms the ground for the finish , as it is termed. This 
finish consists of a coat of oil-colour prepared with 
lead. Where the work is not very dirty this kind of 
painting will answer every purpose, but it is by no 
means adapted for outside work. 

Bringing forward, a term used by painters, applies 
to such new-wood or other work which may have 
been added to old wood- work; or in cases in which 
the old wood-work has been repaired, aud, in conse- 
quence, partly replaned, the priming and painting such 
parts to form a ground for the colour, so as that it 
shall appear alike when finished, is the process in- 
tended by this term. 

Stopping is no more than that the painter is to well 
fill up all tne defects in the work he may have to paint, 
with putty. 

Twice in Oil is simply that the work has been twice 
painted over. 

Thrice in Oil, and Flat, signifies that the work has 
been done twice over in oil colours and once in colour 
mixed, or prepared in turpentine. 

Three Times and Flat may be similarly explained, 
that is, three coats of oil colour and one of turpentine. 
This latter description of painting is generally that 
which is required to new wood-work. 

The painter’s tools are few in number, and they are 
found for the journeymen by the masters. They con- 
sist of a tool, or pound brush as it is called, which is 
composed of hogs’ hair ; this they use as a duster, until 
the ends of the hair of which it is composed are worn 
away, and become soft ; it is then U9ed in the colour, 
being better adapted to spread it evenly by such pre- 
vious wear. The other brushes vary in size, as the 
I mouldings aud work to be painted do ; the smallest are 
to paint over the bars of sashes, or draw out lines 
j which are intended to be left of a different tint from 
I the general tone of the other work. 

I In mixing up the colours for oil-painting, white-lead 
j forms the base of all ingredients ; this the colour-pre- 
j parer modifies and changes by adding coloured sub- 
stauces to it, till it is tinged so as to produce a paint of 
the colour he wishes. All those colours which are de- 
rived from vegetable bodies have, at first being spread, 
a more brilliant effect than those of mineral ones; but 
no vegetable colour will long stand the combined effect 
of air and light ; while the mineral colours, so exposed, 
remain unchanged. This defect in the vegetable co- 
lours is owing to that spontaneous* oxidation or 
carbonization which is effected by the oxygen of the 

atmosphere 
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atmosphere on all vegetable matter to which it can | 
operate upon freely. To make this phenomenon more 
obvious, the air occasions a slow combustion or burn- 
ing to take place, which dissipates the lighter or hy- 
drogenous particles of the colour, and turns to a 
state of charcoal those which remain combined in 
the paint; hence all painting made with colours ob- 
tained from vegetable bodies soon appear black and 
discoloured. 

Graining is understood among painters to be the 
imitating of the several different species of scarce woods 
such as are used for the best articles of furniture, viz. 
satin-wood, rose-wood, king- wood, mahogany, 8tc. &c. 
Imitations of this nature, when well performed, are 
calculated to give a zest to painting: at Paris, every 
species of wood-work used in their houses, as a part of 
die building, is done in this manner. The dead-white 
so much in vogue amongst us is not practised there. 
To grain satin-wood a ground is previously laid, com- 
posed of Naples yellow and ceruse, diluted with oil of 
turpentine, this is spread very evenly over the work to 
be grained, and is then left a day or two to get fixed 
and dry. The painter then prepares his pallet-board 
with small quantities of the same yellow and ochre, 
with a little brown, having some boiled oil and oil of 
turpentine mixed together, to saturate the colours to be 
used in the operation. He is also provided with several 
different sized camels’ hair pencils, and also with one or 
more flat hogs’ hair brushes. When he Jias mixed the 
colours he spreads it over a pannel, or any other small 
part of the work, first, to see the effect of the tints, 
and if it suit what he is about to perform, he perse- 
veres by doing a pannel at a time ; and, in the instance 
of doors and other framing, the pannels are done first, 
and the margins round them afterwards. The flat 
bogs’ hair brushes, by being dipped in the mixture of 
oil and turpentine, and drawn down the newly-laid co- 
lour, occasions the shades and grainings in it: this 
effect takes place in the colour from the brush supplying 
an excess of saturation to the colour it touches ; and to 
produce the mottled appearance, the camels’ hair pen- 
cils are applied, and when it is all finished, it is left to 
fix and dry, after which it is covered by a coat or two 
of good oil-varnish. The other fancy-woods are per- 
formed in a similar manner, the painter varying the 
colours to produce them only. Some of our painters 
are so expert at this kind of imitation, and also in that 
of marbles, as to prevent their easy detection, except 
by the touch. Among the best artists in this line now in 
practice in London, are a Mr. Harman of Chelsea, and 
Mr. Willement, of Green-street, Grosvenor-square. 
Such kinds of painting are well calculated to last a great 
many years by being occasionally re-varnished only. It 
is not greatly dearer than good work in the common 
way, but it will last ten limes as long, without appear- 
ing to loose any of its freshness. 

Ornamental Painting embraces the executing of 
friezes and tjie decorative parts of architecture in 
chiara-obscura, or light and shade on walls and ceil- 


ings. It requires, in the first place, a ground to be 
well painted of the tint it is proposed to remain, and 
exactly drawn into the width it is intended to be left on 
such a ground so formed. The ornament to be painted 
is to be drawn out neatly with a black-lead pencil, and 
then to be painted and shaded, to give it its due 
effect. 

5uch kind of painting is often painted on slips of 
paper, or Irish cloth, and pasted up afterwards ; some 
artists also, to facilitate their work, and when the orna- 
ment is of a similar pattern all through, do it by what 
is termed stinse/ling ; this method consists in drawing 
out a certain length of the pattern to be painted, very 
accurately on paper, and then pricking a laige-sized 
needle in regular distances all ' round die pattern 
through the paper, which they afterwards lay smoothly 
against the wall to be ornamented and strike its outer 
surface, which has been pricked through with a small 
linen bag containing powdered chalk, the powder enters 
the apertures in the pattern, and fixes itself against the 
wall, exhibiting the exact outline of the. ornaments 
which the painter immediately fixes by painting it on 
the wall ; by this means a great saving of his rime is 
accomplished. Some paintings in this manner are 
heightened with gold : this is performed after the orna- 
ment is painted-in, as it is termed, by the process 
known as Gilding in Oil. 

Letter or Inscription Writing is performed by per- 
sons known in the trade as letter-writers. The process 
is similar to ornament painting, excepting the superior 
ability and taste required in the one, whereas die other 
is a mere mechanical operation. The letter-writer 
sketches out in pencil the words he has to write, and 
afterwards corrects the outline by the colour which be 
applies with a camels’ hair pencil. When die letterc 
are to be gilt, the process is similar, and as the letters 
are painted, they are covered with leaf-goty, and when 
completely covered it is left to fix . itself by the dry- 
ing of the painting on which it has been hud. After 
whicb, a sponge' and water is used to clear awaj the 
superfluous gold ; the whole is then covered by a coat 
of good oil varnish. Letter-writing is charged by the 
inch, viz. the height of one of the letters being taken, 
will, by being multiplied by the number on the whole 
inscription, denote exactly the quantity of inches yrbich 
has been written. The price varies in as much as sha- 
dowed, letters are a halfpenny an inch more than plain 
ones, and gilt letters are treble the price of either. 
Two-pence an inch is about the average price of inscrip- 
tion letters. 

Painters’ work is measured by the yard superficial, 
of nine square feet, and the painter is allowed to take 
bis dimensions over and into every part where the brush 
has passed. Sash frames are valued at per piece, and 
sash squares at per dozen, as well as window bars, 
balusters of stairs, stay bars, 8tc. Painting done on 
new stucco is allowed one penny per yard more than 
when on wooden work, and colours are charged an ad- 
ditional penny more than when done in plain whites. 

The 
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The punters’ charges are regulated in London by the 
stif*eyor8, and their regulations are made from an average 
of the price of the best materials of every kind ; but 
painting is frequently offered to be done at from fif- 
teen to twenty per cent, less than the price so regu- 
lated, But, perhaps, no branch of trade allows of 


greater description than painting, as oil and colours may : 
be purchased of all degrees of purity : hence painting, 
like the gold of the jewellers, will be, ill its quality, or 
fineness, as it is, viz. by the ratio of its alloy or aduU * 
teration. 


PAPER-MAKING. 


This art, as at present practised, is not of a very 
ancient date ; paper made of linen rags appears to have 
been first used in Europe towards the beginning of the 
thirteenth ceutury, but of its origin nothing can with 
certainty be affirmed. 

The ancients, as substitutes for paper, had recourse 
successively to palm-tree leaves, to table-books of wax, 
ivory* and lead ; to linen and cotton cloths ; to the in- 
testines or skins of different animals ; and to the inner 
bark of plants. In some places and ages they have 
even written on the skins of fishes ; on the intestines of 
serpents; and, in others, on the backs of tortoises. 
There are few plants but have at some time been used 
for paper or books, and hence the several terms, biblos, 
codex, liber, folium, tabula, &c., which express the 
different parts on which they were written, and though 
in Europe all these disappeared upon the introduction 
of the papvrus and parchments, yet, in some other 
countries, the use of them remains to thi? day. In 
Ceylon, for instance, they write on the leaves of the 
talipot: and the Bramin MSS. in the Tulinga language, 
sent to Oxford from Fort St. George, are written on 
leaves of plants. Hermannus gives an account of a 
monstrous palm-tree, which, about the thirty-fifth year 
of its age, rises to be sixty or seventy feet high, with 
plicated leaves, nearly round, twenty feet broad, where- 
with they commonly cover their houses* and on which 
they also write ; psfrt of one leaf sufficing to make a 
moderate book. They write between the folds, making 
tbe character through the outer cuticle. 

The paper which had been for a long time used by 
the Romans and Greeks was made of the bark of an 
Egyptian aquatic plant, called the papyrus, whence the 
name paper. According to the description which Pliny, 
after Theophrastus, gives us of it, its stalk is triangular, 
and of a thickness that may be grasped in the hand ; its 
root is crooked, and terminates by fibrous bunches, 
composed of long and weak pedicles. The Egyptians 
call it Berd, and they eat that part of the plant which is 
near the roots. A plant, named papero, much re- 


sembling the papyrus of Egypt, grows likewise iu Si- 
cily ; it is described in Lobel’s Adversaria. Ray, and 
several others after him, believed it was of die same spe- 
cies ; however, it does not seem that tbe ancients made 
any use of diat of Sicily, and M. de Jussieu thinks 
they ought not to be coufouuded. 

The internal parts of the bark of this plant were the 
only ones that were made into paper, and die manner of ‘ 
the manufacture was as follows: — 

Strips, or leaves, of evevy length that could be ob- 
tained, being laid upon a table, other strips were placed 
across and pasted to them, by means of water and a 
press, so that this paper was a texture of several strips, 
and it even appears that, in the timo of the Emperor * 
Claudius, the Homans made paper of three layers, 

Pliny also informs us, that the leaves of the papyrus 
were left to dry in the sun, and afterwards distributed 
according to their different qualities fit for different 
kinds of paper ; scarcely more than twenty strips could 
be separated from each stalk. 

The Roman paper received a size as well as ours, 
which was prepared with flour of wheat diluted with 
boiling water, on which were thrown some drops of 
vinegar; or crumbs of leavened bread, diluted with 
boiling water, and passed through a bolting-cloth, being 
afterwards beaten with a hammer. This account of 
Pliny is confirmed by Cassiodorus, who, speaking of 
the leaves of papyrus used in his time, says, that they 
were white as snow, and composed of a great number 
of small pieces without any junction appearing in them, 
which seems to imply necessarily the use of size. The 
Egyptian papyrus seems even to have been known in the 
time of Homer; but it was not, according to the testimony , 
of Varro, till about the time of the conquests of Alex- 
ander that it began to be manufactured with the per- 
fection which art adds to nature. 

Paper made in this manner with the bark of the r 
Egyptian plant, was that which was chiefly used till the , 
tenth century, wlieu cotton was used for making paper , 
by pounding and reducing it to a pulp. This method, 

6 G known 



Digitized by I^OOQie 



466 


PAPBR-MAKING. 


known in China some ages before, appeared at last m 
the empire of the East, yet we are withoat any certain 
bftQwledge of the author, or the time and place of this 
invention. 

Father Montfaucon says, that cotton-paper began to 
be used in the empire of the East about the ninth cen- 
tuiy. There are several Greek manuscripts, both on 
parchment, on vellum, and cotton paper, that bear the 
date of the time in which they were written ; but the 
greatest part are without date. From the dated manu- 
scripts a surer judgment may be formed by comparing 
the writings of the age with those that are without any 
date. The most ancient manuscript on cotton paper 
with a date, is that in the king of France’s library, 
numbered 2,889,* written in 1050: another, in the em- 
' peror’s library, that bears its date, is of the year 1095. 
But as the manuscripts without a date are much more 
numerous than those which are dated, Father Mont- 
faucon, by comparing the writings, discovered some of 
the tenth century : among others, one of the king’s li- 
brary, endorsed with the No. 2,436. If the same 
search were made in all the libraries, both of the East 
and West, others, perhaps, might be found, of the same 
time or more ancient. Hence it may be judged, that 
this bombycine, or cotton paper, was * invented in the 
ninth century, or, at latest, in the beginning of the 
tenth. Towards the end of die eleventh, or the begin- 
ning of the twelfth, its use was common throughout 
the empire of the East, and even in Sicily. About 
the same time, the empress Ireiie, consort of Alexis 
Comnenes says, in her Rales for the Nuns at a house 
which she had founded at Constantinople, that she left 
them throe copies of the rule, two in parchment and 
one in cotton paper. Since this time, cotton paper was 
still more in use throughout the whole Turkish empire. 

Chinese paper is of various kinds ; some is made of 
the rind or bark of-trees, especially the mulberry-tree 
and elm, but chiefly of the bamboo and cotton tree. 
In fact, almost each province has its several sorts of 
papers The preparations of the paper made of the 
bark of trees, may be instanced in that of the bamboo, 
which is a tree of the cane or reed kind. The second 
slrin of the bark, which is soft and white, is generally 
made use of for paper ; this is beat in fair water to a 
palp, which they take up in large moulds, so that some 
sheets are above twelve feet in length ; they are com- 
pleted by dipping them in alum water, which serves in- 
stead of sire among us, and not only hinders the paper 
from imbibing the ink, but makes it look as if it were 
, varnished over. This paper is white, soft, and close, 
Without the least roughness, though it cracks more 
easily than the European paper, is very subject to be 
eaten by the worms, and its thinness makes it liable to 
be soovf worn out. 

The inventor of the linen-rag paper, whoever he 
Was, is entitled to the gratitude of posterity, who are 
enjoying the advantages of the discovery. The art 
of printing would have been comparatively of little im- 
portance without having the means of procuring a pro- 


per material to receive the impressions : while the pa- 
pyrus was the only kind of paper, it was impossible to 
have procured it in sufficient quantities to have made 
large editions of books, without which the great bulk of 
mankind would have for ever retained the -ignorant bar- 
barity of the dark ages ; the cotton paper, though an 
improvement, was but a rude and coarse article, unfit 
for any of the nice purposes to which paper is now ap- 
plied. The perfection of the art of paper-making 
consisted in finding a material which could be procured 
in sufficient quantities, and would be easy of prepara- 
tion. Such is paper now in use, of which we shall 
endeavour to describe the manufacture. 

A more common or economical substance could not 
be conceived than the tattered remnants of our cloths, 
linen worn out and otherwise incapable of being applied 
to the least use, and of which the quantity every day 
increases. Nor could a more simple labour be ima- 
gined than a few hours trituration by milk. The dis- 
patch is so great, that it has been observed by a French 
writer, that five workmen in a mill may furnish suffi- 
cient paper for the continued labour of 3,000 transcrib- 
ers. This was on the supposition of the process being 
conducted upon the old system of hand labour, but by 
the improved system of our modern milk, where the 
paper is produced in a constant and regular sheet by a 
curious machine, instead of the workman making sheet 
by sheet separately, a great portion of the labour is to- 
tally done away. 

The operations of paper-making, as they succeed 
each other, are as follows : — 

1st. The rags are washed, if requisite, and then 
sorted. 

2d. They are bleached to render them white, but 
this is sometimes deferred to another ' stage of the 
process. 

3d. They are ground, with water, in the washing- 
engine, till they are reduced to a coarse or imperfect 
pulp, called half-stuff, in which state the bleaching is 
sometimes performed ; at other times it is bleached in 
the engine. 

4th. The half-stuff is ground in the beating-engine, 
and water added in sufficient quantity to make a fine 
pulp, which being conveyed to, 

5th. The vat, the sheets of paper are made by taking 
up a quantity of the pulp upon a mould of fine wire 
cloth, through which the water drains away, and the 
pulp coagulates into a sheet of paper ; to take this off 
the wire is called couching . 

6th. This sheet is put in a pile with many others, 
with a felt between each, and the whole is subjected to 
a strongpresstire to press out the superfluous water. 

7th. The sheets are taken out, the felts removed, and 
the sheets of paper pressed again by, themselves for a 
certain time. 

* 8th. The sheets are taken from the press and bong 
up, five or six together, to dry in the drying-loft. 

9th. The paper is dipped into a tub of fine size, and 
pressed to force out the superfluity, after which it is 

dried 
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dried again; but, in p rin ting-papers, this process is 
rendered unnecessary by sizing the stuff whilst in the 
engine, by adding certain ingredients. 

10th. The paper now undergoes an examination of 
each individual sheet, and all knots and burs are re- 
moved, and bad sheets taken out 

1 lib. The dry sheets are packed in a very large pile, 
and pressed with a most immense force to render the 
sheets fiat and smooth. 

12th. The paper is taken out, parted, and pressed 
again ; parting means, to take down the pile sheet by 
sheet, and make auother without turning the sheets 
over ; by this means new surfaces are brought in contact 
with each other, and the surface of the paper im- 
proved. 

13th. The paper is now finished, and is counted into 
quires, folded, and packed up in reams for market. 

The linen rags, used for making paper, being col- 
lected by itinerant merchants, are purchased by whole- 
sale dealers or rag merchants, who, for the Loudon 
trade, separate them into five sorts of white rags which 
they sell to die mills ; they are denominated Nos. 1, 2, 3, 
4, 5 y according to their respective qualities. No. 1, 
called London superfine, being all linen, die remains 
of fine cloth, which not being so much worn as the 
coarser sort is used for making the finest paper. No. 5, 
is coarse canvass, which by bleaching may be brought 
to a good colour, but will not make paper of the 
strength and fineness of the finer sorts. The next sort 
rag bagging, a worse canvass, pf which the bags are 
made for packing the rags. Coloured rags are generally 
cotton of all colours, except blue, which is selected for 
making blue paper only. 

Superfine paper for writing or fine printing can only 
be made from Nos. 1, 2, and 3; Nos. 4 and 5 are 
appropriated for making an inferior paper called news, 
because used for news-papers; the coloured rags are 
only used for the inferior papers. 

Woollen and silk rags are used for brown paper, 
but even for this purpose they should be mixed up with 
a large parcel of coarse linen. 

Old paper may also serve for the same use, but the 
waste would be too considerable ; whence it is rather 
reserved for pasteboard, in the manufacture of which 
the material is worked in less time, with less force, and 
with the same water. It will also lose much less. Be- 
sides paper that has been once sized, though passed 
through boiling water, still gives the pulp a viscidity 
which ought to be guarded against. 

The rags when first brought to the mill, if they are 
very dirty, as the coarse sorts generally are, are washed 
in hot water by a fulling mill, such as is used by dyers 
for washing cloth. The rags being well dried are (if 
ihjyhave not been previously sorted by the rag mer- 
chant) delivered to women to sort and scrape them. 
These women are disposed of in a large room full of 
old linen, seated two by two on benches with a large 
chest or box divided into five' cases before them, 'for con- 
taining the five different sorts of rags as befbrementioned. 


Each has a piece Of pasteboard hung fmm her girdle fend 
extended on her knees, upon which, with a long sharp 
knife, she unrips seams and stitches, and scrapes off all 
filth. Whatever can be used after being well shaken w 
distributed into the three cases according to the degree 
of fineness, and the women throw the rest at their fee 4. 
Those manufacturers who choose to be more emwt h 
their sorting, have six cases for six different sorts of 
rags ; the superfine, the fine, the seams, and stitches of 
the fine; the middling, the seams and stitches of the 
middling ; and the eoarse, without including the very 
coarse parts, which are reserved for mating brown 
paper. 

Some manufacturers are persuaded that the labour Of 
the sorters is never sufficiently exact, and think that the 
hems and seams should be kept apart ; that die coarse*- 
ness of the cloth should be considered, and that the 
cloth made of tow should be separated from that made 
of the longer slips ; cloth of hemp from cloth of A*x ; 
and, lastly, that the degree of wearing in the doth 
should be attended to ; for if rags which are almost new 
should be mixed with those that are much worn, the 
one will not be reduced to a pulp in the mill, whilst the 
other will be so attenuated as to be carried away by the 
water, and pass though the hair-strainer, and hence 
there must be a considerable waste m the work, a real 
loss to the manufacturer, and even to the beauty of the 
paper, for the particles already carried off, are perhape 
those which give it that smooth and velvet softness of 
which it is often deficient. 

This is not all, for the pulp of uneven tenuity produ- 
ces those cloudy papers, wherein are seen by intervals 
parts more or leas clear, and more or less weak, occa- 
sioned by flakes assembled on the mould in making the 
paper not being sufficiently tempered and diluted to in- 
corporate with the more fluid parts. 

It would, therefore, be very advisable to have the 
different qualities of the cloths milled separately, as also 
the hems aud threads of the stitching ; because sewing 
thread being never so much worn as that of the cloth, 
and being not so easy to be reduced, forms filaments in 
the paper. When the rags unequally disposed for tri- 
turation have been milled apart, then such different 
pulps may >be mixed together without inconveniency, 
which will be found homogeneous, each having been 
worked during the time that was necessary, according to 
the state of the rag. Without this precaution the 
finest particles will fee always lost, and of course the 
quality of the paper will be altered by a a excess of the 
coarsest. 

Tins great precaution in the sorting of rags is of 
course very expensive; but there is no doubt of its 
producing a total difference, in the beauty of the paper, 
without hurting its goodness. It will besides be at- 
tended with the advantage of mixing a pulp, which is 
supposed to form the strength of the paper with ano- 
ther that gives it softness and lustre ; and thus these 
two qualities may be united which hitherto existed sepa- 
rately* 
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The greatest modem improvement in paper-making 
is the bleaching the rags. This enables the manufactu- 
rer to produce the finest paper, in point of colour, from 
any kind of rags. He has, therefore, only to find such 
materials as will make a paper of a strong texture and a 
fine even surface, knowing he can produce colour at 
pleasure. 

, The bleaching is conducted in different methods, 
either bleaching the rags immediately after they are 
sorted, bleaching them in the state of half-stuff, that is, 
after it has been once ground in the washing engine, or 
while they are in the engine. For the first of these me- 
thods Mr. Campbell had a patent in 1792* His me- 
thod is very similar to the process of bleaching of cotton 
thread. The apparatus consists of a receiver or cham- 
ber made of wood to contain the rags] to be bleached; 
it is of a cubical form, and the joints made air tight ; it 
is provided with several retorts, which being filled with 
a mixture of numganese, with two-thirds its quantity of 
sea salt, and a quantity of sulphuric acid equal to the 
salt, will, when moderately heated by a small sand-bath 
furnace, throw into the receiver a gas which quickly dis- 
charges any colour the rags may contain. The patentee 
directs that the rags should, before they are put into the 
receiver to be bleached, contain about their own weight 
of water, the superabundant water being pressed out ; 
the rags should then be opeued by a machine, called 
by the cotton manufacturers a devil, or some machine 
of that nature : they are to be distributed in the re- 
ceiver in layers, spread in frames so that they will not 
Come in contact with each other, or the rags may be 
placed in the body of the receiver, and haye stirrers or 
agitators provided to expose every part of them to the 
action of the bleaching gas. After the process, which 
must be concluded as soon as ever the rags are suffi- 
ciently bleached, lest the gas should act upon and injure 
their quality, they are to be washed in water, and will 
be ready for the mill ; here they are ground and reduced 
with water to a fine pulp till every individual fibre of 
the rag is separated. 

Thq paper-mill is represented in the Plate , Paper- 
Mill* Here Fig . 1 is a front and Fig. 2 a side eleva- 
tion, the same letter expressing the same part in both. 
AB is the great water whee), giving motion to the whole 
on its shaft or axis C ; a crown, or face wheel, D.D is 
framed, and gives motion to the pinion G ; this is fixed 
on the lower part of a vertical axis E F, which goes up 
into the upper room of the mill, and has two face wheels 
I and K nxed upon it; the*e actuate two pinions L M, 
upon the end of the spindles of the two engines N 
and O, where the rags are ground. W, Fig. 1, is a 
wheel turned by the teeth of the great wheel UD ; the 
axis of this wheel is formed into a triple crank v, w, x 9 
which gives motion to the three pumps, by ineans of 
levers or beams y, z 9 y , which cannot be fully seen in 
the figures, but may be easily imagined. These pumps 
raise up a constant stream of fair water, which is ne- 
cessary to be kept running through the rags in the 
engine to wash away the dirt separated from them in 


the grinding. By the arrangement of the cog wheel*, 
the pinions LM and cylinders of the engines are caused 
to revolve at the rate of 160 times per minute, when the 
water wheel moves, with its proper velocity. The internal 
construction of the engine is explained by the remaining 
figures of the plate. Fig. 3, is a longitudinal section, 
shewing the cylinder in action ; Fig. 4, a plan looking 
down upon it; Fig.6, the cylinder separate; N and O 
in Fig. 1, represent a large cistern or vat of an oblong 
figure, with the angles removed, as shewn by Fig. 4; it 
is lined with lead inside, and divided in the middle by a 
partition e f 9 Figs. 3 and 4. O n the front and back of 
the engine two short beams TT, Figs. 2, 4, and & are 
bolted ; they have long mortises through them to re- 
ceive tenons at the ends of two horizontal levers S S, 
which rise and fall in bolts in one of the beams T as 
centres ; the front one of these beams, or that nearest 
to the cylinder R, is capable of being elevated or de- 
pressed by turning the uut of the screw r, which, as 
shewn in Fig. 5, is fixed to the tenon of S, and comes 
up through the top pf the bcamT, upon which the nut 
takes its bearing. Two brasses are let into the middle 
of the levers S S, and form the bearing for the spindle 
of the engine to turn upon. R is the cylinder made of 
wood and fixed fast upon the spindle ; it has a number 
of knives or cutters fixed upon it, parallel to its axis, 
and projecting from its circumference about an inch: e. 
Fig. 3 and 4, is a circular breasting, made of boards and 
covered with sheet lead, which fits the cylinder very 
truly and leaves but veiy little space between the teeth 
aud breasting. An incliued plane leads regularly from 
the bottom of the engine trough to the top of the breast- 
ing, at the bottom of the breasting beneath. The axis, 
of the cylinder, a block a, Fig. S,^ fixed, it has cutters 
of the same size and exactly similar to those in the 
cylinder, which at all times of the process pass very 
close to the teeth in the block, but do not touch. This 
block is fastened by a dove-tail fixed in tiie wooden 
bottom of the breasting ; it comes through the wood- 
work of the chest, and projects a small distance, on 
the outside of it, and is kept up to its place by a wedge, 
so that by withdrawing this wedge the block becomes 
loose, and can be removed to sharpen the cutters as oc- * 
casion requires. The great velocity of the cylinder 
draws the rags, with which the engine trough is filled . 
between the cylinder and the cutters in the block a , and 
by this they are cut in pieces ; then b^the rapid motion 
of the cylinder the rags are thrown over the top of die 
breasting, and they run down the inclined plane, and 
passing round the partition e f come to the cylinder 
again, so as to be repeatedly cut till they are reduced to • 
a pulp. The screw r is used to raise or lower the cy- 
linder, and cause it to cut finer or coarser by enlarging 
or diminishing the space between the cutters in the 
block and those of the cylinder. These cutters act in 
the same manner as a pair of scissors cut, the teeth of 
the cylinder being as before-mentioned parallel to the 
axis of the cyliuder, and those of the block are placed 
rather inclined to them, so that the teeth of the cylinder 
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come first in contact with the cutters of the block at one I 
end, and then successively the contact proceeds along 
to the other end, so that any rags interposed between 
them are cut in the same manner as they woujd be be- 
tween the blades of a pair of shears; sometimes the plates 
or cutters in the block are bent to an ai^le in the middle 
instead of being straight and inclined to the cylinder ; in 
this case they are called elbow plates, and of course 
the two ends are both inclined to the axis of the cylin- 
der in an opposite direction ; in either case the edges 
of the plates of the block cannot be straight lines, but 
must be curved to adapt themselves to the curve, which 
an iuclined line traced on the cylinder will of course 
have. The plates of the block are united by ecrewing 
them altogether, and their edges are bevelled away on 
one side only. The cutters of the cylinder are fixed in, 
as shewn in Fig. 7 ; here R is the cylinder, formed of a 
solid piece of wood, and having grooves cut on its 
circumference parallel to its axis ; each of these grooves 
has two cutters put into it, and a fillet of wood is I 
driven fast in between them to hold them in ; the fillets 
are kept in by spikes driven into the solid wood of the 
cylinder. ,A cover is put over the cylinder to prevent 
the water or rags being thrown out of the engine by its 
great velocity ; it is a square box, g h k t, Fig . 3 and 
marked P, Figs. 1 and 2, it , has two small troughs, 
k and t, coming through the sides of the box ; at mm 
are two hair or wire sieves sliding in grooves made in 
each side of the box. The cylinder as it turns throws a 
great quantity of water and rags up against these sieves ; 
the water goes through them and runs down into the 
troughs at k and t, and from thence into the ends of the 
leaden pipes p p. Fig* 2, by which it is conveyed away ; 
n n, Fig. 3, are grooves for two boards, which when 
down in their places cover the hair sieves and stop the 
water from going through them. A considerable part of 
the rags thus thrown up by the cylinder passes quite over 
it, and goes down under it again. The water is brought to 
the engine by a pipe from the pump ; this pipe delivers 
it into a small cistern aborning and communicating with 
the engine ; the pipe has a cock to stop the entrance 
of the water "when required ; the exit of the foul water 
is, as before-mentioned, made by the cylinder throwing 
it qp into the troughs i and k. The two engines N and 
0 are placed at different levels as shewn by Fig . 1 , the 
bottom of N being higher than the top of O ; the 
latter is called the washer, where the rags are first 
worked coarsely with water running through them, 
to wash and open the fibres of them, which after wash- 
ing are called half-stuff, and are then let down into the 
betting engine O, here they are ground and reduced to a 
finished pulp. ■ 

? The proper management of the rags while in the mill, 
is a great part of the art of the paper manufacturer ; and 
for this no rule can be given, as it wholly depends upon 
the material he has to work, and the article he intends 
to produce from it. For making superfine paper, the 
following may be described as the established system of 
manufacture for the London market: one hundred 


weight of the best white rags, called No. 1, is put 
into the washing engine, and the cock opened to let a 
considerable stream of water run through it. The screw 
of the cylinder is adjusted to raise it up, so that its teeth 
do not actually touch the teeth of the block : the rags 
are not therefore cut, but rather rubbed in a violent 
manner, so as to open and expose every fibre to the 
action of the water, that it may carry off all dirt ; this 
gentle washing continues for a quarter of an hour or 
twenty minutes, when the cylinder is laid down, that is, 
the screw' is turned back till the cylinder is let down 
upon the cutters of the block, and rests its weight 
upon them ; in this state they begin with a most tremen- 
dous noise and vibration to cut the rags into pieces ; 
this is continued for about four hours, by which time 
the engine will come to work very steadily and with 
less noise, because the rags are cut into pieces and 
chopped up veiy much, though not yet reduced to a 
pulp. The bleaching now commences, if it has not 
been done in the first stage upon the rags. To bleach 
the stuff in the engine they stop the water from run- 
ning in, and throw into the engine a quantity of bleach- 
ing salt, or muriate of lime ; for fine rags one or two 
pounds, more or less, are used according to circum- 
stances ; the two sliders, n ft , Fig . 3, are put down 
in the cover of the cylinder to prevent the water getting 
away, and in this state the engine is worked about an 
hour for the bleaching. During this time the rags lose 
their colour, but this does not colour the water, though 
it is rendered rather white and milky by the salt. The 
very best rags, when first put into the engine, are of a 
very yellow and dirty colour, but they become by the 
bleaching a very perfect snow white. The cylinder is 
usually raised up a very little during the bleaching; 
which being concluded, the water-cock is opened again, 
the boards n n removed, and the washing continued 
about an hour to wash the salt away. This concludes the 
operation, and the half-stuff, as the rags are now called, 
is let off into a basket which suffers the water to draiu 
through it : or if the manufacture is proceeding with 
dispatch, and every thing is ready, it is let off into the 
beating-engine at once ; here the stuff is worked for 
about five hours with a sufficient quantity of water to 
make a pulp ; in this affair great judgment is required 
as it materially influences the quality of the paper ; the 
water is not suffered to ruu through the beater, as in 
the other engine. The only difference between the two 
engines is the firmness of their teeth. The cylinder of 
the washer has twenty grooves in it, each containing two 
bars or teeth, as shewn in Fig . 7, but the beater has 
three in each, so as to have sixty teeth in all. The 
beater is made to turn with a greater velocity than the 
other; the pinion L, Fig . I, which turns the beater 
having only twenty teeth, while the other, M, has 
twenty-two. This greater velocity and number of teeth 
in the beater cause the strokes of the several knives 
passing by each other to be so rapid that they produce 
a coarse musical note or humming, which may be heard 
to a great distance from the mill ; but the washer being 
6 D coarse r 
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coarser and less rapid, produces the most horrible 
growling which can be conceived, and is so violent as to 
shake the whole building. 

In many small mills, which have only a local trade for 
the supply of the surrounding country, and where per- 
haps there is a deficiency of water, they only use one 
engine both for washing and beating, as it will do for 
either purpose ; but the mills near London, chiefly at 
Maidstone in Kent, have two, three, or even five 
engines. These require an immense body of water to 
turn them, for there is a considerable force required to 
turn the cylinder, and with so great a velocity it becomes 
veiy great. The stuff when finished is conveyed to a 
general receptacle called the stuff-chest, where it is kept 
till wanted to be made into paper, for the engines work 
day and night, though the making the paper, as it re- 
quires many workmen, is of course only carried on in 
the day-time. The implements employed in this depart- 
ment of the manufacture are as follows : the vat with 
its stirrer , the moulds and deckles , th e felts, the vat 
press, and another press similar to it for giving the paper 
a second pressure. 

The vat is made of wood in the form of a tub, and 
generally about five feet in diameter and two and a half 
in depth/ It is kept at a proper temperature by means 
of a grate introduced at a hole in the side, and sur- 
rounded on the inside of the vat w ith a case of copper. 
For fuel to this grate charcoal or wood is used, and fre- 
quently to prevent smoke the wall of the building comes 
in contact with one part of die vat, so that the fire has 
no communication with the place where they make the 
paper. Eyery vat is furnished on the upper part with 
planks, enclosed inwards, and even railed in with wood 
to prevent any of the stuff from running over in the 
operation. Across the vat is a plank pierced with 
holes at one of the extremities, and resting on the 
planks which surround the vats. This is used to rest 
the mould upon when a sheet of paper has been made. 
In different mills two methods are made use of to mix 
up the stuff and water with which the vat is filled, and 
keep it in such an agitation as will prevent any coagu- 
lation or subsedence of the pulp, which would render 
the paper flaky and the different sheets of unequal thick- 
ness ; in one, two instruments are employed to mix 
them, one of which is a simple pole, and the other a 
pole armed with a piece of board, rounded and full of 
holes. The operation of stirring is repeated as often as 
the stuff falls to the bottom. In the principal paper 
mills for making writing paper, they use for this purpose 
what is called a hog ; which is a machine within the 
vat, that by means of a small wheel on the outside is 
made to turn constantly round, and keep the stuff in 
perpetual motion. When the stuff and water are pro- 
perly mixed, it is easy to perceive whether the previous 
operations have been complete; for if the stuff floats 
close and in regular flakes, it is a proof that it has 
been well worked in the engine. 

The mould is a square frame or box made of well 
seasoned mahogany, and covered at Ae top with wire. 


In the old way, the wires were disposed in parallel 
rows, with others across to strengthen them ; this may 
be readily understood from the examination of a sheet 
of paper. But the modern paper is chiefly made of 
wool wire, which is exactly like cloth. The wire cloth 
is made larger than the intended sheet of paper, and 
turned down over the sides of the frame ; the size of 
the sheet is determined by a square frame of mahogany 
bound with brass ; this, which is called the deckle, 
when placed upon the wire of the mould forms a shallow 
dish or mould, in which a quantity of the pulp is taken up, 
and by the draining through of the water the pulp is 
left in a sheet upon the wire, therefore this frame is 
necessary to retain the stuff of which the paper is made 
on the cloth ; it must be exactly adapted to the wire 
cloth of the mould, otherwise the edges of the paper 
will be ragged and badly finished. The wire cloth of 
the form is varied in proportion to the fineness of the 
paper and the nature of the stuff. 

The deckle is moveable, and only held upon the 
mould by the workmen grasping the mould and deckle 
together in both hands at the opposite sides, so that the 
deckle being removed the sheet of paper may be taken 
up from the wire by applying the mould upon a piece of 
-felt ; it is then pressed with a felt between each sheet. 
The felts are pieces of woollen cloth spread over every 
sheet of paper, and upon which the sheets are laid to 
detach them from the wire of the mould; they prevent 
them from adhering together and imbibe part of the 
water with which the stuff is charged, and transmit the 
> whole of it when placed under the action of the press. 

The two sides of the felt are differently raised, that 
to which the hair is longest is applied to the sheets 
which are laid down, and any alteration of this disposi- 
tion would produce a change in the texture of the paper. 

The stuff of which the felts are made should be suf- 
ficiently strong, in order that it may be stretched ex- 
actly on the sheets without falling into folds, and at the 
same time sufficiently pliant to yield in any direction 
without injury to the wet paper. As the felts have to 
resist the reiterated efforts of the press, it appear* ne- 
cessary that the warp be made strong of combed wool 
and well twisted. On the other hand, as they have to 
imbibe a certaiu quantity of water and to retain it, it is 
necessary that the woof be of carded wool, and drawn 
out into a slack thread. These are the utensils together 
with the presses which are used in the apartments where 
the sheets of paper are formed. 

Three workmen are employed in the operation of 
making the paper, which they manage thus ; the first 
called the dipper, stands in a nitch or hollow part of that 
kind of ledge or table which goes round the circumfe- 
rence of the vat; he holds a mouldin both hands by the 
two extremities with the deckle, applied exactly over the 
mould as if only one piece ; then inclining it a little to- 
wards him he dips it into the vat and brings it up again 
in a horizontal position. The superfluous part of the 
pulp flows- over on all sides, and the quantity thought 
sufficient is shaken gently from the right to the left, 
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and up and down horizontally'until it is equally extended 
over Ae whole surface of the mould. These two mo- 
tions are also accompanied by a slight shake, that serves 
to fix and stop the sheet as the water drains through the 
wire ; and then the parts of the pulp uniting, the mould 
is immediately laid on the edge of the vat, the deckle 
taken off, and the mould made to slide along the board 
which is laid across the vat to the part where the sheet 
is to be laid or taken off. This board which is but two 
inches in breadth where the sheet w laid is nothing 
more tharf a deal board, which runs along the length of 
the vat, and is pierced with several holes at the broad 
extremity for letting the mould drain into the vat. 

The dipper taking^ the deckle off the first mould, 
places it immediately on the second which is given him 
for dipping it immediately in its turn, and the second 
workman called the coucher, taking the mould on the 
board that runs across the vat, with the left hand raises 
it gently and lays it in an inclined position against one 
or two small pins which are driven into the board on 
the edge of the vat. In this condition the mould re- 
mains two or three seconds of time for draining into the 
vat, whilst the coucher extends a felt on which he 
applies the mould to take off the sheet, which being 
done he returns the mould to the dipper. ! 

These operations are performed in so short a time, 
that seven or eight sheets of a middling size can be 
made m a minute ; but it would be advisable to pro- 
ceed more slowly, as no doubt the paper would be 
better made, and of a stronger consistence. 

The dipper should be attentive in distributing the 
matter on the mould to reinforce the comer he is to 
take hold of, in raising and extending the sheets; for 
without this precaution he would break a great many. 
If he also takes up'too much matter with his mould, if 
He does not equally extend it, or if he strikes his mould 
against the drainer, in all these cases, the matter is ac- 
cumulated in certain parts of the mould, which pro- 
duces something like ridges in the paper ; or, if he lets 
the matter rest on the mould, and does not distribute it 
immediately, there will be parts of unequal thick- 
ness. When the vat is too hot, the stretching out of 
the sheet will be ill performed, because the water eva- 
porates too soon over the mould. Add to (his, that, 
m letting the matter run towards one of the edges, by 
not giving his arm a regular motion, he may form a 
feather-edged paper, which may likewise happen if he 
does not extend his stuff sufficiently ; if the vat be too 
hot, if the fecuta of the pulp is too erode, and does 
not run well ; if his arms are too stiff, and if he gives 
a bad shake, or if the mould be ill made. An in- 
dented sheet happens by not taking off the deckle pro- 
perly, or by the fault of the felts having stitches, seams, 
and selvages in them. 

In examining a sheet of paper, before the light, a 
greater opacity is seen on both sides of each brass wire 
than towards the midst of the space. This thickness is 
occasioned by the pulp, which the motion of the mould 
could not distribute, being stopped by the wires, or the 


manicord, that serves to string them. This defect is 
completely remedied by the improvement of weaving, 
the wire of the mould like cloth, but a prejudice still 
prevails in favour of the old paper with lines, which 
obliges manufacturers still to make it, though by no 
means so fine or good as the wove. In order to avoid 
drops of water, which, if they fall upon the paper will 
make disagreeable spots, the mould should be laid 
gently, and raised readily ; and, as often as the coucher 
returns his mould to the drainer, he ought to be careful 
to shake his hands behind him, for, without this pre~ 
caution, his fingers, which are wet, would drop upon* 
the sheet already laid, whilst he is covering it with the 
felt. If he is also too quick in laying, the air, de~ 
tained and compressed under the sheet, occasion^ a 
bloating, and makes some parts more clear thap others. 

The coucher having taken off the several sheets 
from the mould as fast as they are made, lays them one 
by one in a pile under the press,, with the felt between 
each individual sheet, until they have, in this manner, 
made six quires of paper, which quantity is called a 
post, and contains one hundred and forty-four sheets. 
When the last sheet of the post is covered with the last 
felt, the workmen about the vat assist each together to 
submit the whole heap to the action of the press. 
They begin, at first, to press it with a middling lever, 
and, afterwards, with a lever fifteen feet in leogth ; this 
operation expresses the water and thus gives the paper 
a strength which it did not possess before. The ves- 
tiges of the protuberances made by the wires of the 
mould, are altogether flattened, and, of cousequence, 
the hollows opposite to them disappear also; but' the 
traces formed by the interstices of the wire, in conse- 
quence of their thickness, appear on both sides, and 
are rounded by the press. 

The business of the third workman, called the lifter,, 
begins after the operation of the press, and consists in 
I faking the sheets off the felts (for they are caused to ad- 
here to them by the action of the press), and then, 
making the sheets up in a second pile :,but if the coucher 
works too fast, and the lifter finds himself hard pressed, 
he cannot stretch out his sheets exactly upon one ano- 
ther, so as to make a neat and compact pile, for this is 
very necessary to make the paper of a regular and 
equal thickness, when it is put under a second press,, 
which is done as soon as several of the piles, are com- 
pleted, and can be collected together ; this second 
pressure being made with all the sheets m contact with 
each other expresses a great quantity of water from the 
paper, and gives the sheets a very considerable strength;, 
it also tends to take out those freckles in the surface of 
the sheets, which were occasioned by the impression of 
the felt ; though it is necessary to have felts in the first 
pressure, because the paper is then so wet that it would 
be pressed into a solid mass if the sheets touched each 
other. The paper remains in the second press as long 
as it can, nntil another pile is made ready by the lifter* 
when it is taken out and the sheets carried to the diying- 
house. 
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When the sheets ere very thin, and it is found after 
the second pressure that they are formed by a fecula 
which is still saturated with a great deal of water, so 
that they have little consistence, it is probable that the 
second press has so joined them to one another, that it 
is difficult to separate them ; and, indeed, they cannot 
well be taken off, one by one, without tearing a great 
number ; but, happily, this separation, sheet by sheet, 
is not necessary for drying, so that seven or eight may 
be taken together, which is called forming the pages ; 
sometimes, also, a less number may do when the paper 
is of a large size, but never less than three sheets are 
hung up together. It is of more importance than we 
are at first aware of, that the sheets should remain, as 
it were, pasted several of them together; if they were 
single, and one by one, they could not resist the 
moisture of the size, yet this moisture is sufficient to 
facilitate their operation; and, to hinder their sepa- 
rating, when they are hung up to dry, they should be so 
placed that the pages may receive the wind in the sur- 
face and not in the sides and edges. 

The drying-lofts are very extensive apartments, usually 
the upper parts of all the buildings of the mill ; the 
sides are formed by lofier boards, which are a kind of 
lattice, or boarding, which can be opened and 9hut to 
admit more or less air at pleasure. The sheets are 
token up upon a piece of wood like a T, and hung upon 
hair lines, stretched across large horizontal wooden 
frames, called tribbies ; and then, as they are filled, are I 
lifted up between upright posts, to the top of the room, 
and retained by pegs put in the posts; then another 
frame being filled, is put up in its turn, and so on, till 
the loft is filled from top to bottom. 

Mr. Bramah has made an improvement on this me- 
thod, which enables women or children to perform the 
business of the drying-house instead of men, and adds 
considerable facility to the process of hanging and re- 
banging the sheets. Instead of using tribbies, he has a 
proper number of frames, made of wood, mounted 
with leaves, to represent so many frames or clothes’ 
horses, similar to those used by any common laundress, 
but of a length proportioned to the dimensions of Xhe 
drying-house, which may be divided into two or more 
rows, so as to leave room and proper aisles or passages 
for the convenience of the operators to hang and re- 
hang the sheets ; and the height of the frames may be 
equal, or nearly equal, to one half the story in which 
they are fixed. They are stationed at proper distances 
from >each other by means of upright posts with grooves 
fitted to the frames, so that each may slide vertically 
up and down, by means of lines and pulleys affixed to 
each, just like sash windows that are double hung ; so 
that while one of the frames is sliding up to touch the 
ceiling of the building with its upper edges, the alter- 
nate one may be depressed till its lower edge, or the 
paper which hangs upon it, may come nearly in contact 
with the floor. By the means children can reach to 
hang the paper, ami can afterwards" elevate the frames 
to their proper height in the loft. 


The paper, when dry, is carried to an apartment 
where it is sized ; this is done by dipping each page, 
that is, each bundle of thirty-four or thirty-five sheets, 
which have been dried together, into a vat, containing 
a weak size. This is made from shreds and parings got 
from tanners, curriers, and parchment^makers ; ail the 
putrefied parts, and the lime, are carefully separated 
from them, and they are enclosed in a kind of basket, 
and let down by a rope and pulley into the caldron. 
This is a late invention, and serves two valuable pur- 
poses. It makes it easy to draw out the pieces of 
leather when the size is extracted from them by boiling, 
or easy to return them into the boiler if the operation is 
not complete. When the glutinous substance is soffi 
ciently extracted, it is allowed to settle for some time, 
and it is twice filtered before it is put into the vat where 
they dip the paper. Immediately before the operation, 
a certain quantity of alum is added to the size. Tie 
workman takes a handful of the sheets, smoothed and 
rendered as supple as possible, in his left hand, dips 
them into the vat, and holds them separate with his 
right, that they equally imbibe the size. After holdiug 
them above the vessel for a space of time, be sizes on 
the other side with his right hand, and again dips them 
into the vessel. When he has finished ten or a dozen of 
these handfuls, they are submitted to the action of the 
press, from which the superfluous size is carried back 
into the vat, by raeaus of a small pipe. The vessel iu 
which the paper is sized is sometimes 'made of copper, 
and finished with a grate, to give the size, when neces- 
sary, a due temperature, and a piece of thin board or 
felt is placed between every handful as they are laid on 
the table of the press. 

After the sheets are sized and pressed they must be 
quickly separated from each other, to prevent their ad- 
hering together, but it is to be remembered that the 
size is an extremely weak solution, so that the sheets 
will be in no danger of adhering, until they are dry. 
In some of the most improved nulls the sizing is per«r 
formed in a machine, consisting of a large square vat, 
or wooden cistern, containing the size ; in this a strong 
screw press is situated horizontally, the side beams of 
the press forming the outsides of the vat, and the screw 
works through a tight collar of leather. The press 
being open, the sheets of paper are suspended on lines, 
stretched in a frame, similar to those on which they are 
dried, and this is let down to immerse them in the size ; 
and, after remaining a proper time, the screw of die 
press is worked, and the sheets thus gathered up into a 
close parcel ; then the lines being withdrawn, a strong 
pressure is given, and the paper, when taken out, is 
finished ready to be hung up again to dry. By this 
means the paper is sized very equally, whereas, in the 
old method of tub-sizing, some sheets drained off more 
size than others, and rendered them unequal as well as 
making marks in them. 

The operation of sizing is veiy expensive ; but, for 
printing papers, and some others, it may be dispensed 
with. In this case, a small quantity of oil mixed with 

alum 
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wbm, pounded mj fine, is throfrn into (he beatings said pistons wil be as 1 to 2,904; and die intermediate ' 
engine towards the end of (he process. About a pint space being filled with water, which is an iocompressi- 
snd a half, or less, is sufficient to give the paper a ble fluid, any force applied to the small piston will 
proper quality for printing, and is rather better than operate upon the other in the above proportion, viz. as 
tub-eking. Powder blue is also put into the engine to 1 to 2,304. Suppose the small piston, or injector, to 
give a bloom to die paper. be forced down, when in the act of forcing or inject- 

When the paper is sofficiendy dry, it is carried to the ing, with a weight of twenty hundred, which can easily 
finishing room, called the Saul f where it is pressed, be done by means of a long lever, the piston of the . 
selected, and examined, by women, who remove all great cylinder would then be moved up with a force, 
damaged and imperfect sheets; it is then put into the equal to twenty hundred weight multiplied by 2,304, or 
dry press, and squeezed with a most immense force, to 2,304 tons. 

render the paper flat, and give it a good surface. The In a screw-press, of a fine thread, it requires nearly’ 
lever of this press, is fifteen or eighteen feet long, and as much labour to unscrew as to screw it down, an evi— 
ten or twenty people are employed at die last to work dence of the enormous friction of a screw when acting 
it, though they sometimes use Sampson; that is, a against a -great pressure; but the hydrostatic-press only, 
windlass like a crane, with which they purchase the requires a cock to be opened to let out the .water from 
lever of the screw. The dry press is generally large beneath the piston, which then descends quickly by its- 
enough to hold two packs of ordinary paper side, by own gravity, or the. elasticity of the substance under 
side. The Saul is surrounded by the dry presses, the pressure. The greatest convenience of the hydros- 
often twenty or thirty, but one windlass serves them all. tatic-press is, that the power can so easily be trans- - 
The paper remains under pressure as long as the de- mitted to it from any distance, and in any direction, by 
mand of . the mill will admit, but while it is 'm this ope- means of pipes conducted along in situations, where, 
ration it is parted, once, twice, or even three times : to all other means of conveying the motion would be com- 
do this, the heaps are carried back to the table, and plicated and expensive in the extreme* Thus, in a 
the whole turned sheet by sheet, in such a manner that large paper-mill, an injecting pump may be : kept in 
the surface of every sheet b exposed to a new one, and conAaut action by the water-mill, and inject water into 
in thb situation they are again brought under the press, an air vessel, from which pipes are conducted to 
It is in conducting these two operations of parting and presses in all parts of the mill, and by simply opening, 
pressing sometimes four or five times, or as often as the a cock at any press, thq. required pressure will be in- 
nature of the paper requires, that the perfection and stanlly given by the elasticity of the confined air ope- 
finish of the finest writing and drawing-paper consist, rating on the enlarged surface. of the pbton of any 
If the stuff b fine, or the paper slender, the parting b press. The air vessel has, of course, a safety-valve to 
less frequently repeated. In thb operation, it is neces- allow, the escape of the water, when the pressure be- 
saiy to alter the situation of the heaps, with regard to comes so .great as to eud anger the rupture of any of the 
one another, every time they are put under the press ; vessels ; for it is to be observed, that the power of thb 
and, as the heaps are highest in the middle, to place principle b irresistible wheu the pump b worked, by 
small pieces of felt, which will bring all parts of the a mill, and will; burst any vessels without the least ap- 
pile to an equal pressure. II pearances of strain on the moving parts of the pump. 

Mr. Bramah’s ingenious hydrostatic-press b most ad- To . avoid the . necessity of having such a number of 
mirably adapted for dry-pressing the paper. Thb press presses for the dry-work of a mill, Mr. Bramah, in- 
has no screw, but, in lieu thereof, a pbton or plunger, stead of more presses, proposes. to use a considerable 
fitted accurately into a chamber, or barrel of cast iron, number of another kind of apparatus called retainers, , 
by collars of leather; a small force-pump b. situated which consist of a top and, bottom bed, of wood or 
near to the press, and water b injected by it into the metal, of sufficient strength to resist the re-action of the 
great chamber, and the pbton b thus expelled from it ; paper, when the press b slackened from its severest 
at every stroke a quantity proportioned to the quantity squeeze, and to retain it, in its most compressed state, 
of water injected, and this presses up the board, or for any required length of time, after the grasp pf the press 
follower of the press, with a power in proportion to has been finally withdrawn. In these retainers vertir 
the relative diameters of the pump and the piston. cal bars . are. fixed at the comers of the lower bed, , 

Tbe bottom of die cylinder must be made sufficiently passing through the holes in the upper one, and have 
strong, with the other parts of the surface, to resbt the each several holes to receive wedges or keys; by which 
greatest strain which can ever be .applied to it ; the pipe the upper bed of the retainer b confined to preserve the 
from the forcmg»pump communicates with the cylinder state into which it has been pressed, notwithstanding 
at the bottom, ami the pump has, of course,'* valves to any efforts of the paper or felts to expand to the space 
prevent the return of the water. they originally occupied. These retainers are mounted 

Now, suppose the diameter of the cylinder to be upon wheels, applied to the lower boards, in the man- 
twelve inches, and the diameter of the pbton of the ner of a truck, and a railway b laid which goes through 
small pump, or injector, only one quarter of an inch, the press, so that the paper may be piled upon the 
* the proportion between die two surfaces or ends of the trucks : the top board is then put on, and the whole 
™ ^ 6 E wheeled 
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wheeled into the press, and the operation being finished, 
the retainer is made fast; the press is slackened, and the 
whole is wheeled forwards, leaving the press vacant for 
the reception of another retainer. 

After the dry-pressing, the paper is finished, end only 
requires to be assorted into different lots, according to . 
its quality and faults ; after which it is made up into 
quires. The person who does this must possess great 
skill, and be capable of attention, because he acts as a j 
check on those who separated the paper into different 
lots. He takes the sheets with his right hand to fold 
and examine them, laying them over bis left arm till he 
harf the number requisite for a quire ; then brings the 
sides parallel to one another, and places them in heaps 
under the table. i 

The paper is afterwards collected into reams, of j 
twenty quires each, packed up for the last time, and 
put under the press, where it is continued for ten or 
twelve hours, or as long as the demand of the paper- 
mill permits. 

A great revolution has been recently made in the art 
of paper-making, by the adoption of machinery for 
fabricating it from the pulp, and, at one operation, 
pressing it between the felts, and rendering it fit for the 
second pressure, by which an immense saving of labour 
is made, and the quality of the paper improved. 
Messrs. Fourdrineer’s have a patent for these machines, 
of which they have erected great numbers in different 
parts of the kingdom. Their construction is extremely 
curious and not easily explaiued without drawings. A 
wire cloth, of many yards in length, is used ; its ends 
being sewed together, and it is extended horizontally 
between two rollers, so as to represent a table, which, 
by the revolution of the rollers is in constant motion; 
at one end, the vat, containing the pulp, is situated, 
having a lip, or low side, at which the pulp runs over m 
a continued stream upon the cloth, and is, by its mo- 
tion, carried forwards ; the cloth is contrived to have a 
continual shaking motion sideways, which tends with 
the draining through of the water to coagulate the pulp 
into a sheet of paper; this is taken off from the wire, 
at the other end, in a continued sheet, between a pair 
of rollers, like those of a flatting-mill; each of these 
has an endless felt passing round it, and the paper is in- 
troduced to receive its pressure between the felts, so 
that it is delivered from the machine in a continued dry 
and firm sheet. A reel, tuVned by the machine, re- 
ceives the paper, and winds it up as it comes off the 
cloth ; and when a sufficient quantity is wound on it, it 
is cut off by a knife, which, by cutting through the 
folds, divides the paper into separate sheets, which are 
ready for the operation of the second press. The ma- 
chines are constructed with the cloth so wide, that the 
continual sheet is cut up into two, and sometimes three, 
in width, by which means it produces an immense 


number of sheets in a abort time ; but the g re atest ad- 
vantage is in making very- large sheets, which it will do 
to almost aby extent in length, and Us much as two 
yards in width. This machine is only adapted for 
making wove paper, but a patent has lately been taken 
out for carrying this invention further, and making the 
paper \rith lines in it, which is done in separate moulds, 
similar to those at present used, but worked by ma- 
chinery. 

Mr. Bramah, Mr. Dickenson, and Mr. Cobb, hare, 
at different periods, taken out patents for paper-ma- 
chines ; but it has not come to our knowledge whether 
they have carried tbeir inventions into practice, as Messrs. 
Fourdrineer’s have done. 

The great price which rags have acquired of late 
years, in consequence of thte great increase Of panting 
and the paper trade, has induced many ingenious men 
to turn their attention to discover other materials for 
making paper. A very large manufactory was esta- 
blished Some years ago, in London, for snaking straw- 
paper at Mill Bank, by the river-side, but the scheme 
proved abortive, and the premises, were lately dicrpoaod 
of. 

In 1602, Mr. Matthias Koop invented the following 
method of making straw-paper, for which he obtained a 
patent. For each pound of straw, or hay, a pound 
or a pound and a half of quicklime is to be dissolved in 
about a gallon or six quarts of river water. The bay, 
or straw, is to be cut into portions about two inches in 
length, then boiled in a considerable quantity of water,, 
viz. about two gallons to apound of materials, for three 
quarters of an hour. It is then to be macerated in the 
solution of lime and water for five, six, seven, or more 
days, taking care to agitate the mass by frequently stir- 
ring and turning it over. At the end of this time the 
lime-water is to be drawn off, And the materials to be 
washed very clean, then boiled in a large portion of 
clean river water. This part of the operation is to be 
repeated ; and, for the sake of improving the colour of 
the paper, one pound of dissolved crystal of soda, or 
pot-ash, may be used to every thirty-six pounds of straw 
or hay. When the materials are pressed out of the 
water, the manufacture of them into paper may be 
proceeded with by the usual and well-known processes. 
In some cases, the patentee has thought it advisable to 
suffer the materials to ferment and beat before they 
w ere reduced to a pulp, as was formerly the case with 
the rags for paper-making. This, however, will always 
depend upon the warmth of die season. 

When thistles are used, they are te be cut down when 
the bloom begins to foil, to be dried, and reduced into 
lengths of two inches; and then the same process to* be 
made use of, as has been already described with regard 
to the stfUw and hay. See Staining. 
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This is one of the minor manufactures, when car- something in the same way as the ties are usually fan- 
ned ou alone, but it is often conducted with some other naged. And, lastly, he fixes to the hinder- part of the 
branches of business. A patten has been defined an patteu, or otherwise, an elastic string, made of brass 
under shoe of wood, with an iron ring, worn under the wire, covered with leather or cloth, and coining round 
common shoe by women, to keep them from the dirt, the hinder part of the foot, by means of which the 
Trifling as this article is, yet it requires the aid of seve- patten is fixed very firmly on the foot, 
ral persons to render it complete. The wooden sole, In June, 1801, Mr. Joeiah Longmore obtained * 
or support, is made chiefly of beech, by person* in patent for the manufacture of a patten or clog, which# 
London or elsewhere ; the iron rings are manufactured by the aid of an elastic tongue or spring, made of iron* 
at Birmingham and Sheffield ; die leathern straps require or any other metallic substance, through a perforated 
the aid of the currier or leather-dresser ; and, besides hole in the middle of the block of the patten, presses 
these, ribbands or other strings are wanting to fasten against the sole of the shoe, diereby keeping it tight 
those straps tight to the feet. The chief tool for the against the ties. The foot or block of the patten or 
wood-work is a knife, of peculiar construction, fastened clog may be made of iron, wood, cork, or of any 
down at one end and moveable on a joint at the other, other material adapted to the occasion, or of any two W 
This seems to be the only description necessary with more substances united. 

regard to the common patten. It may, however, be Patten-shoes have been introduced into the veterinary 
right to say, that His Majesty’s letters patent have been art : it is a horse-shoe so called, under which is soldered 
granted to two persons for improvements of this article, a sort of ball of iron, hollow within. It is designed 
In the year 1798, Mr. Hornblower obtained an exclu- for hip-shot horses, and put upon the sound limb, se 
•ive right for an invention that is thus described that the horse not being able to stand easily upon tbd 
First, instead of that part of the common pattens now foot may be obliged to support himself upon the lame 
made of wood, to which the rings are rivetted, he sub- foot, acid thus counteract die disposition in the sioews 
stitutes iron, or any other metallic substance, which to contract the haunch. Some writers on this subject * 
renders them, he says, much more elegant, lighter, ! contend that the patten-shoe is only necessary in Old 
and not so liable to collect the dirt. Secondly, in order j lamenesses where the muscles have been a long while 
to make the pattens as light as possible, he makes them contracted. 

of thin iron plates, Or of latten, or iron clipped in tin ; ! In some parts of Lincolnshire, a patten of a different 
and to prevent their bending or giving way, by the kind has been used, namely, flat piece of board, 
weight of the wearer, he applies a piece of iron, or adapted by proper ties to each foot of the horse, when 
other metallic Substance, under the bend of the patten, he is sent on land too tender to bear the weight of the 
rivetted at each end, which prevents the patted from animal ; and from land that would be much injured by , 
•bending or getting out of the true form. Thirdly, he the horses in the common Way, great crops have thus 
cauies the ties to be fixed to the iron by rivetting, or been obtained. By cultivation, the same soil has, in a 
otherwise. Fourthly, in some cases, instead of the , few years, become sufficiently firm to -carry the homes 
ties now made, he applies elastic ties, made of any j without this precaution, 
metallic substance, covered with leather, cloth, &c., 
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A Pin, though an apparently insignificant instrument, 
is ah important article in commerce. The art of 
making pros, of brass wire, was not known in England 
before the year 1543 : prior to that period they were 
made of bone, ivory, or box. In the year 1543, by 
statute 34 and 35 of Henry VIII., cap. vi., it was 
enacted, “ that no person shall put to sale any pins, but 
only such as shall be double-headed, and have the heads 
soldered fast to the shank of the pins, well smoothed ; 
the shank well shapen, the points well and round filed, 
cauted, and sharpened.” From the above extract it 
should appear that the art of pin-making is but of late 
invention, probably introduced from France, and that 
oar manufactories since that period have been wonder- 
fully improved. 

The pin manufactory was introduced into Gloucester, 
in 1626, by John Tilsby. There are now, in Glou- 
cester, nine distinct pin manufactories, which employ, 
together, at least, 1,500 persons. The pins sent an- 
> ntially to' the metropolis amount to the value of £ 20,000 : 
but the chief demand is from Spain and America. 

: Though pins are of apparently simple construction, 
their manufacture, however, is not a little curious and 
complex. We have traced, says a traveller, with much 
pleasure the whole process in the manufactories at 
Gloucester, * and observed, that the article, small as it 
is, passes through several bands from its first state of 
rough wire to its being stuck in paper for sale. The 
following may suffice for a general sketch of the me- 
thod. | 

When the brass wire, of which the pins are formed, 
is first received at the manufactory, it is generally too 
thick for the purpose of being cut into pins. The 
first operation, therefore, is that of winding it off from 
one wheel to another, with great velocity, and causing 
it to pass between the two through a circle, in a piece 
of iron of smaller diameter ; the wire being thus re- 
duced to its proper dimensions, is straightened by 
drawing it between iron pins, fixed in a board, in a 
zig-zag manner, but so as to leave a straight line be- 
tween them ; afterwards, it is cut into lengths of three 
or four yards, and then into smaller ones, every length 
being sufficient to make six pins : each end of these is 
ground to a point, which is done by boys, each of 
whom sits with two small grinding-stones before him, 
turned by a wheel. Taking up a number in bis hands 
be applies the ends to the coarsest of the two stones, 
being careful, at the same time, to keep each piece 


moving round between his fingers, so that the points 
may not become fiat: he next gives them a smoother 
and sharper point, by applying them to the other stone. 
By this means, a lad of fourteen years old is enabled td 
point sixteen thousand pins in an hour. When the wire 
is thus pointed, a pin is taken off from each end, and 
this is repeated. The next operation is that of forming 
the heads, or, as it is termed, head-spinniug, which is 
done by means of a sort of Spinning-wheel ; one piece 
of wire being thus, with great rapidity, wound round 
another, and the interior one being drawn out, leaves a 
hollow tube between the circumvolutions ; it is then cut 
with shears, every two circumvolutions or turns of the 
wire forming one head : these are softened by throwing 
them into iron pans, and placing them in a furnace till 
they are red hot. As sooa as they are cold they are 
distributed to children, who sit with anvils and hammers 
before them, which they work with their feet, by means 
of a lathe, and, taking up one of the lengths, they 
thrust the blunt ends into a quantity of heads wiridt lie 
before them, and catching one at the extremity, they 
apply it immediately to the anvil and hammer, and, by 
a motion or two of the foot, the pointed end and the 
head are fixed together in much less time than it can be 
described, and with a dexterity only to be acquired by 
practice. 

We may notice a new invention for heading pins by 
Mr. William Bundy, of Camden Town, to whom was 
granted His Majesty’s letters patent, in September 1809. 
This operation is performed by means of a frame or 
stock made of metal, in which are fitted a pair of steel 
dies, in the manner of those generally used in the ma- 
nufacture of screws, held together by cylinders ; the 
dimensions may be various, according to the quality of 
the work, but the dies most generally in use are about 
two' inches long, and one inch wide. In the prominent 
parts and 011 that side of each of .the two dies which 
comes in contact when in use are made corresponding, 
grooves, which when pressed together form holes, each 
to be the diameter of the shaft intended to have the 
head fixed on ; these holes may be made tapering up- 
wards, or contracted at that part close under the head, 
where half a hemisphere, whose diameter being that of 
the size of the head required, is to be worked out. 
Viewing the dies thus worked, and in a particular kind 
of frame, which is the position in which they are placed 
while introducing the pointed shafts, each having a head 
loosely put on, the upper die being at liberty in the 

frame, 
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frame* the pressure of its weight will be found sufficient 
to hold the number of shafts, with their heads in their 
respective places, while they are pushed forwards with 
a straight motion, till the quantity of the heads prevents 
the shafts from going any farther. In this state it is ne- 
cessary to turn a lever, to which is fixed a screw for die 
purpose of forcing the dies together, w hich will hold the 
shafts firm enough to receive a stroke from a press on the 
top piece to secure and form complete the w hole number 
of heads in the dies. The hemispheres are to be 
finished according to fancy, as respects the ornament or 
figure of moulding' intended for the top of the head by 
sinkiog them accordingly. The patentee says, “T leave 
a point in the centre of those cavities in the top piece, 
which serves when forced into the top of the shaft to 
widen it there, and form a rivet, and thereby secure 
the head firm from coming off the top of the shaft; and 
the dies being hard screwed together with the lever, 
there will be a collar formed by that pressure on the 
shaft under the head sufficient to prevent the liability of 
the head being by any ordinary means forced down the 
shaft Having described the working parts and ex- 
plained the process by the drawings, Mr. Bundy adds, 
that placing the whole in a fly press, one stroke there- 
with ou the top piece will be found sufficient to com- 
plete the whole number of heads in the dies. Hitherto 
it has been the practice to strike the bead several times, 
u but my method," says Mr. B., “ of effectually and 
securely fastening the heads on the shafts, and leaving 
the heads of a superior form, is by placing the shafts 
in a perpendicular direction, and striking the heads and 
shafts on their tops, which I call superior heads, and 
which method I claim as my invention. To succeed in 
the completest manner in forming these superior heads, 
it will be necessary that the dimensions of the heads be- 
fore they are fixed to the shafts, should be particularly 
attended to. If they are to be of nearly a spherical 
figure, they should be prepared of a greater depth of 
axis than the diameter; that the diameter may be 
small enough to go freely into the hemispheres in the 
dies and top piece which are to receive them ; for this 
purpose head wire may be made flat, either by drawing 
or rolling to a size, so that when spun, one or more 
rounds will be sufficient for a head. I recompiend 
head wire of a smaller size than ordinary without flatting, 
w that when spun and cut three rounds, it shall con- 


tain the quantity of metal required for the size of the 
intended head." When the heads have been fixed on 
the shafts by the fly press, the screw is then to be 
turned back by a lever, and taking hold of the milled 
head, which is on the head of the small shaft, and 
which goes through the screw, and is fixed to the top 
dies by being screwed hard in the die : it may be drawn 
back to separate the dies sufficiently wide for the supe- 
rior headed pins which they contain, to fall throOgh into 
some place prepared to receive them. 

The pin is now finished as to its form, but still it is 
brass ; it is therefore thrown into a copper containing 
a solution of tin and leys of wine, where it remains 
some time, but when taken out it assumes a white but 
very dull appearance : to give it a polish, it is put into 
a tub containing a quantity of bran, which is set in 
motion by turning a shaft that runs through its centre ; 
and thus by means of friction it becomes perfectly 
bright. The pin being complete, it only remains to 
separate it from the bran, which is performed by a sort 
of winnowing, the bran flying off and leaving the {fin 
behind. 

On the Continent the mode of tinning brass pins is 
rather different from that just described. A vessel is 
filled by layers with plates of tin and brass pins, a tin 
plate being at the bottom and another at the top. The 
Vessel is then filled with water, adding some cream of 
tartar, by the acid of which the tin is dissolved. After 
about five hours boiling the pins are found to be uni- 
formly tinned. 

The pins of this country are those most in repute, as 
well in the pointing as the whitening, because our pin- 
makers in pointing use two steel mills, the first of 
which forms the point, and the latter takes off the irre- 
gularities, and renders it smooth, and as it were po- 
lished. In whitening they make use of the best block- 
tin granulated, whereas in some places they are said tq 
have recourse to a mixture of tin, lead, and quicksilver ; 
which not only whitens worse than tin, but is also dan- 
gerous on account of the ill quality of the mixture, 
which ' renders a puncture with a pm thus whitened 
somewhat difficult to be cured. 

Pins are sometimes made of iron-wire, rendered 
black by a varnish of linseed -oil with lamp-black : these 
are designed for the dress of persons in mourning. 
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Pipes are of various sorts, as tobacco-pipes, once 
much in use by persons of all conditions, but now the 
practice of smoking tobacco is very generally laid aside 
by persons in the middle class of hfe, and almost wholly 
by those who move in the higher circles. Still the 
demand for them is considerable, and there are many 
manufacturers of them in the vicinity of London. It 
seems, however, to be one of the very lowest among 
pur manufactures, and those employed in it seem never 
to rise to a state of competence. There are pipes 
likewise which answer the purpose of canals or conduits 
for, the conveyance of water and other liquids. These 
are* made of wood, of lead, of iron, of copper, of 
pottery ware, and of stone. We shall give a sketch of 
the manufacture of these. 

Tobacco-pipes are too well known to need a minute 
description ; they consist of a long tube from 12 to 15 
or 16 inches in length, made of a peculiar kind of clay, 
having at one end a little bowl for the reception of to- 
bacco, the smoke of which when lighted is drawn by 
the mouth through the other end. Tobacco-pipes are 
made of various shapes and fashions : some are long, 
others are short ; some are very plain, and can in these 
times be sold to the publicans at the rate of four or five 
a penny; others are handsomely wrought and varnished 
of different colours, and are sold as high as from eight 
to twelve shillings per gross. The Turks who are 
famed for smoking, make use of pipes three or four 
feet long made of rushes or of wood, bored at the end 
whereon they fix a kind of pot of baked earth, which 
serves as a bowl and which they take off after smoking. 
The clay of which tobacoo-pipes are made is perfectly 
white, and is distingimbed from other kinds of clay by 
its great adhesion to the tongue, which is well known 
to be considerable when baked, in consequence of its 
affinity to water. In a raw state this property is per- 
ceptible in a slight degree. The pipe-clay is found at 
the islaud of Purbeck in Dorsetshire, and at Teign- 
mouth, in Devonshire, in large lumps which are purified 
by dissolving in water in large pits ; the solution being well 
stirred up is poured off into another, where it subsides 
and deposits the clay ; the water becoming clear is let 
off, and the clay at the bottom is left sufficiently dry 
for use ; by this means the smallest stones or particles 
of foreign matter are left at the bottom of the first pit ; 
the clay thus prepared is spread on a board and beaten 
with an iron bar to temper and mix it ; then it is divid- 
ed into pieces of the 7 proper size to form a tobacco- 
pipe ; each of these pieces is rolled under the hand into 
f long roll with a bulb at one end to form the bowl, 


and in this state they are laid op in parcels for a day or 
two, until they become sufficiently dry for pressing, 
which is the next process, and is conducted in the fol- 
lowing manner : the roll of clay has a small wire thrust 
nearly through its whole length to form the tube, and is 
put in between two iron moulds, each of which has 
imprinted in it the figure of one half of a pipe, and 
therefore when put together the cavity between them is 
the figure of a whole pipe. They are put together by 
pins which enter holes in the opposite half. The 
moulds with the clay in them are now put into a press 
which consists of an iron frame fonfted of two plates, 
one of which is fixed down to die bench, and the other 
pressed towards it by a screw turned round by a handle. 
The moulds are put in between the two plates, and die 
screw being turned round presses them together, im- 
printing the figure of a pipe on the clay included be- 
tween them. The lever is next depressed, and the 
stopper entering the mould forms the bowl of the 
pipe, and the wire which is sdtl in the pipe is thrust 
backwards and forwards to cany the tube completely 
into the bowl. The press is now opened by turning 
back the screw, and the mould taken out. A knife is 
next thrust into a cleft of the mould left for the purpose, 
to cut the end of the bowl smooth and flat: the wire b 
carefully withdrawn, and the pipe taken out of the 
mould. The pipes when so far completed are laid by 
two or three days properly arranged for die air to have 
access to them in all their parts, dll they become stiff, 
when they are dressed with scrapers to take off die im* 
predion of the joints of the moulds : they are after- 
wards smoothed and polished with a piece of hard 
wood. The next process is baking or burning, and this 
is performed in a furnace of peculiar construction. It 
. is built within a cylinder of brick-work, having a dome 
at top, and a chimney rising from it to a considerable 
height to promote the draught. Within this is a fining 
of fire-brick-work having a fire-place at the bottom of 
it. The pot which contains the pipes is formed of 
broken pieces of pipes and cemented together by fresh 
clay and hardened by burning: ithas a number of verti- 
cal flues surrounding it, conducting the flame from 
the fire-grate up to the dome, and through a hole in the 
dome into the chimney. Within the pot several pro- 
jecting rings are made, and upon these the bowls, of the 
pipes are supported, the ends resting upon circular 
pieces of pottery which stand on small lone pillars rising 
up in the centre. By this sort of arrangement a small 
pot or crucible can be made to contain fifty gross of 
pipes without the risk of damaging any of them. The 
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pipes are put into the pot at one side when the crucible 
is open, but when filled this orifice is made up with 
broken pipes and fresh clay. At first, the fire is but 
gentle, and it is increased by degrees to the proper 
temperature, and so continued for seven or eight 
hours, when it is damped and suffered to cool gradu- 
ally, and when cold the pipes are taken out ready for 
sale. We have been aided in the above description, by 
attending at the manufactory for pipes of Mr. W. An- 
drews, Higbgate, and observing the several processes 
from the clay in lumps to the perfect pipe. 

Wooden pipes are trees bored with large iron angers 
of different sizes, beginning with the less and proceed- 
ing on to those that are larger ; the first being pointed, 
the rest are formed like spoons, increasing in diameter 
from one to six or eight inches ; they are fitted into the 
extremities of each other. Wooden pipes, if small, 
are frequently bored by mere manual labour, but where 
they are large and made of hard wood, the use of 
horses or of the steam engine is required. On the 
large scale the following will serve as a description : the 
piece of timber, or perhaps the tree itself, when a little 
shaped on the outside by the axe, intended to form a 
pipe, is placed on a fritme and held down firmly upon 
it by means of iron chains going over it and round two 
windlasses ; it is at the same time wedged up to pre- 
sent its rolling sideways : if the piece is tolerably 
straight this will answer every purpose, otherwise it 
must be fixed firm by wedges, iron hooks, &c., similar 
to those used by sawyers, drove into the carriage at one 
end and into the tree at the other. The frame and 
tree being bound together run upon small wheels travers- 
ing two long beams, or as they are usually called 
ground-sills, placed on each side of a pit dug to re- 
ceive the chips made by the borers. At one end they 
«fe connected by e cross beam bolted upon them ; this 
supports the bearing for a shaft, the extremity of 
which beyond the bearing is perforated at the end of a 
square bole, to receive the end of the borer. The tim- 
ber and carriage are made to advance towards the 
borer by means of ropes : one rope being made to wind 
up, while the other gives out and draws the carriage 
and piece of timber backwards and forwards according 
as the wheel is turned. The weight of the borer is 
supported by a wheel turning between uprights fixed 
on a block, the end of which rests upon the ground-sills. 
It is moved forwards by two iron bars pinned to the 
front cross-bar of the carriage. The distance between 
the wheel and the carriage may be varied, by altering 
the Won bar and pins so as to bring the wheel always as 
near as convenient to the end of the tree. The shaft, 
as we have already hinted, may be turned by any first 
mover, as wind, water, horses, or steam, as is most 
convenient, and a man or boy regulates the wheel. 
When the borer is put in motion by turning the wheel, 
he draws the tree up to the borer that pierces it; when 
a few inches are bored he draws the tree back by re- 
versing the motion of the wheel, in order that the bo- 
rer may throw out its chips; he then returns the tree. 
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and continues the process t31 the work is finished. The 
borer in this case, be its size what it will, is of the 
same shape as that of a common auger. 

Mr. Howe!, of Oswestry, some years back, invented 
an. engine for the purpose of boring or hollowing 
wooden water-pipes, by means of which the process is 
not only much more expeditious, but causes a consi- 
derable saving of timber. By this mode, instead of 
the common method of boring by angers, or instru- 
ments of any other description which perforate the 
wood by cutting out the inner part of the substance in 
chips or shavings, a hollow tube or cylinder, made of 
thin plates of iron, or other metal, about one inch less 
in diameter than the hole to be bored, is to bd 
made use of. To one end of this tube or cylinder is to 
be fixed a fianch or ring, of from one quarter of an 
inch to five-eights of an inch in breadth ; and one part 
of the circumference of this fianch or ring is to be di- 
vided or separated, so that if it be made of steel, an 
edge or cutter may be formed thereby; or, for the 
more convenient use of it, a cutter of steel, or other 
metal, may be screwed, or otherwise connected with 
the tribe and the fianch or ring. The operation of this 
instrument is, that it will bore out a piece of wood ca- 
pable of being converted into a pipe or pipes of less 
dimensions, and that it will do this with die aid of less 
power, and at less expense and with less waste of wood 
than by means of the boring instrument now in use. 

By another invention, pipes have been made of 
separate pieces or staves, instead of boring a solid tree 
or timber. In this case, the end of one piece of pipe 
is tapered off to fit into the next piece, ana the different 
parts are connected by dove-tpiling, rabbeting, or by 
means of screws, or by any other method of joining 
the surfaces of wood together. The quter and inner 
surfaces may be painted, varnished, or covered over 
with pitch, tar, or any kind of cement that can be made 
to adhere to wood. 

The method of making leaden pipes consists in casting 
the lead upon a smooth steel mandril, placed in a 
mould also of metal, to form die outside. These 
pieces are about eighteen inches long. They are after- 
wards joined together by a process called lining. 

A very great improvement has been made in the ma- 
nufacture of leaden pipes, by drawing them in a manner 
similar to wire. Tne lead to form the pipe is cast 
upon a mandril of the diameter of the inside of the 
pipe, but of such a thickness as to equal the whole 
pipe in weight ; it is then fastened upon one end of a 
cylindric steel mandril, and the lead is pulled through 
different sized holes till the pipe is of sufficient length and 
thickness. These pipes can be drawn to the length of 
eight or ten feet. The power required, however, is 
very great, which is one olnection to the method. They 
are also liable to flaws, for, if die casting happen to 
be imperfect, the imperfection is much increased and 
extended by die process of drawing. 

This manufacture has been much improved by pase- 
! ing the lead upon the mandril through grooved rollers 
i ' of 
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of different sizes, following each other in succession. 
The power required is much less than that required for 
drawing ; and the pipes are said to be superior in other 
respects. For this method of manufacturing leaden 
pipes, Mr. John Wilkinson obtained His Majesty’s 
letters patent about twenty years ago. 

For the manufacturing of iron pipes, we refer to die 
article Founding, it being a considerable branch 
of the iron-founder’s business. Copper and tin are 
rarely used for pipe-making; the former being too ex- 
pensive, and the latter not sufficiently durable : when, 
however, recourse is had to diese metals, they are bent 
round mandrils, or other proper instruments, and the 
edges soldered together. 

' Of late years we have seen pipes, made of pottery, 
brought much into use. In the neighbourhood of 
London, and other large towns, where it is difficult to 
preserve any thing from die hands of the pilferer, they 
are excellent substitutes for lead, as they afford no 
temptation to theft, and if the passage be always kept 
clear, so that the water will not be stopped in its 
course, they must be durable. Mr. Bell, of Birming- 
ham, in 1808, obtained, by His Majesty^ letters 
patent, the exclusive privilege of manufacturing them. 
We shall transcribe his own account attached to the 
specification . 

“ It has been found, by long experience, that pumps 
or pipes for conducting water from water-works which 
have been made of wood, or iron, lead, or any other 
metallic substances, have been justly objected to, for 
the various following reasons : 

“ First. Pumps or pipes which are made of wood 
are liable to constant decay, and in a short time to be- 
come rotten : and it is invariably the case that in their 
rotten or decayed parts they generate insects and vast 
numbers of noxious animalculae, which may always be 
discovered in water which passes through wood pipes or 
pumps which have been some time in use; and Dr. 
Buchan observes, that < waters become putrid by the 
corruption of aniihal and vegetable bodies with which 
they abound.’ Water, which is conducted through 
pumps or pipes which are made of iron, lead, copper, 
or most other metallic bodies, becomes impregnated 
with the corrosive qualities of the metals which renders 
it unwholesome and poisonous, and, of course, unfit 
for cooking or washing linen, and many other domestic 
uses. The nature of my improvement is, therefore, to 
remove the aforesaid objections, which I completely 
perform by making tubes of porcelain pottery, and va- 
rious compositions which are vitrifiable, and are not 
liable to corrosion or decay. These tubes are formed 
in such a way at the ends as to fit one within the other, 
which I connect or unite together by cement, so as to 
make them water or air tight. And by the addition of 
any number of these tubes, connected as aforesaid, I 
form one complete tube or pipe to any extent which 
may be required. I prefer the method of enclosing 
them in cast-iron pipes or cases, . which are to be made 
in various ways and forms ; which pipes or cases serve 


as defenders of these porcelain or pottery tubes, to 
prevent breaking or bursting. Cases or pipes may be 
made of wood, and various other substances, for en- 
closing these porcelain or pottery tubes or pipes ; but, 
for the sake of compactness, strength, and durability, I 
recommend cast-iron cases, boxes, or pipes. There 
are compound metals which are less corrosive than the 
real metals as aforesaid, of which tubes may be made, 
and if enclosed in the manner before described would 
be useful in conducting water and various liquids, either 
hot or cold, for particular purposes ; as also thin tubes, 
made of wood, which may be prepared for durability 
by boiling it, or burning or charring it, which has the 
effect of preventing its breeding .or harbouring insects, 
See. These, in addition to my pjpcelain or pottery 
tubes enclosed, I claim the originality of.” 

The Manchester Water- Works Company employ 
stone pipes for the conveyance of their water, and th? 
stone which they have found most suitable to tbeir pur- 
pose comes from a quarry at Fox-Hill, in the parish of 
Gorting-Power, Gloucestershire, which is very like the 
Portland-stone ; but the latter is the more dense or sper 
cifically heavy, in the proportion of 17 to 16; that is, 
the Fox-hill stone requires seventeen cubical feet to the 
ton, but sixteen feet only of the Portland-stone go to 
the ton. The following method is used in boring the 
stone for pipes : the first mover is a steam-engine of a 
power adapted to the work, giving a rotatory motion to a 
shaft placed horizontally, and running from one end of 
the works to the other. The works are divided into 
compartments, each of which serves for the boring of 
four pipes at the same time ; by means of what is 
known to mechanics, by the name of the bevel-geer, 
motion is communicated from the main horizontal shaft 
to a vertical arbor, at the top of which is a . wheel. 
The rotatory motion^ of this wheel, by means of a crank 
bar, gives a reciprocating motion to the larger wheel, 
and this latter motion is such as to give rather more 
than a complete rotation to each of four smaller wheels 
placed opposite ; with respect to the larger wheel, the 
mutual connexion between them and it, being by means 
of teeth or cogs. Thus the small wheels go through 
somewhat more than a complete rotation in one direc- 
tion, and then rather more than a complete rotation in 
the opposite direction, and so on alternately. On the 
vertical shafts, beneath the smaller wheels, are placed 
iron tubes, which are suffered to act by their own 
weights upon the stones to be bored, and by means of 
their rotation to bore those stones by attrition. The 
stones are cut into lengths of six or eight feet, and 
bored into pipes of various diameters. When the pipes 
are of fourteen inches diameter, the thickness of stone 
allowed is about five inches. The tubes* by which the 
boring is effected, are, of course, fourteen inches in 
diameter, and weigh about ope hundred and a half. 
They are made of thin plate iron, except their circular 
rim or sole at the bottom, which is about half an inch 
thick. As the attrition wears away the stones *ou which 
the soles of the tubes rest, they sink lower and lower ; 
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the whole is kept moist by a sort of semi-fluid mixture bottom of those tubes, carries up with it the particles 
of and and water, which runs down from the small of tbe stone taken off during the process of boring, 
wheels at the top of the tubes, and, after sinking to the 
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Although this art is strictly connected with Car- The plough,' Fig. 29, is a narrow rabbet-plane, with 

. pentry, Joinery, and Cabinet-making, yet we make a the addition of two staves, on which are shoulders. Its 
: distinct article of it, in order to introduce an account use is to plough a narrow square groove on the edge of 
of Mr. Bramah’s patent machinery, which we believe a board. 

to be not only interesting and curious, but adapted to The mott/dtng-plane, Fig. 35, is of various kinds, 
various purposes of utility. accommodated to the various forms and profiles of the 

A plane is an edged tool- for paring and shaving of moulding ; as, the rounding-plane, the hollow-plane, 
wood smooth. It consists of a block of wood, very die ogee, the snipes-bill, &c., which are all of different 
smooth at bottom, as a stock or shaft, in tbe middle of sizes, from half an inch to an inch and a half in width* 
which is an aperture, and through this passes a steel Fig. 35, represents a quirk-ogee plane, 

edge, or chisel, placed obliquely, which, being sharp, There are many other kinds of planes, but we shall 

i takes off the inequalities of the wood over which it now give an account of Mr. tframah's invention, 
is slid along. Planes have ^various names according chiefly in his own words, for producing straight, 

I to their forms, sizes, and uses. Thus, Fig. SO, smooth, parallel surfaces, and curvilinear surfaces on 
, Plate I, Carpentry, represents the /ore-plane, or wood, and other materials, requiring great accuracy, in 
jack- plane, which is very long, and is usually that a more perfect and expeditious manner than can be 
winch is first used : the steel or chisel part is composed done by me hand. 

of two faeces shewn in Fig. 32 and S3, and in this Tbe principal parts of my invention are as fol- 

C e they are not ground quite straight, but are left a lows ; that is to say, to shorten and reduce manual la* 
convex. They are called the top and bottom bour, and the consequent expenses which attend it, by 
irons; the top iron having a screw in it, by which it is producing the effects stated in my patent by the use of 
fastened to the other after the edges are sharpened, machinery, which may be worked by animal, elemen* 
The use of the jack-plane is to take off tbe greater tary, or manual force ; and which said effects are to 
irregularities of the stuff, and to prepare it for the produce, straight, true, smooth, and parallel surfaces, 
smoothing-plane. j in the preparation of all the component parts of work 

The smoothing-plane, Fig. 34, is short and small ; consisting of wood, ivory, horn, stone, metyls, or any 
its chisel being finer, and its use is to take off the irre- other sort of materials, or composition usually pre- 
gularities left by the jack-plane, and prepare the wood pared, and render them true and fit for use, by means 
for the jointer, or trying-plane, which is the longest of edge-tools of every description. I do not rest the 
of them all : its edge is very fine, and does not stand merits of this invention on any novelty in tbe general 
out above an hair’s breadth ; it is chiefly used for shoot- principle of the machinery 1 employ, because the public 
ing the edge of a board perfectly straight for joining benefit I propose will rather depend on new effects, 
tables, &c. produced by a new application of principles already 

The strike-block, is like the jointer, but shorter ; known, and machinery already in use for other per- 
ils use is to shoot short joints. poses, in various branches of British manufacture. 

The rabbet-plane, which is used in cutting the upper This machinery, and the manner of using it, with some 
edge of a board, straight or square, down into the improvements in the construction, together with sundry 
stuff, so that the edge of another, cut after the same tools and appendages never in use before, are particu- 
maimer, may join in with it, on the square ; it is also larlv described and explained hereunder, 
used in striking facias on mouldings. The chisel of I mean to use and apply for the purposes above 
this plane is as broad as the stock, that the angle may stated, every kind of edge-tool, or cutter, already 
be cut straight, and it delivers its shavings at the sides, known, either in their present shape, or with such vast- 
and not at the top, like the others. afions and improvements as the variety of operations J 
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may encounter may severally call for. Blit the tools, I 
instead of being applied by hand, as usual, I fix, as 
judgment may direct, on frames driven by ma- 
chinery : some of which frames I move in a rotary di- 
rection round an upright shaft ; and others having their 
shaft lying in a horizontal position, like a common lathe 
for turning wood, &c. In other instances I fix these 
tools, cutters, &c., on frames which slide in stationed 
grooves, or otherwise, and like the former they are 
\ calculated for connexion with, and to be driven by, ma- 
chinery, all of which are hereafter further explained and 
particularized. 

The principal points on which the merits of the in- 
vention rest are the following : — First, I cause the ma- 
terials meant to be wrought true and perfect, as above 
described, to slide into contact with the tool, instead of 
the tool being carried by the hand over the^vork, in the 
usual way. 

Secondly, I make the tool, of whatsoever cutting 
kind it be, to traverse across the work in a square or 
oblique direction ; except in some cases, where it may 
be necessary to fix the tool or cutter in an immoveable 
station, and cause the work to fall in contact with it by 
a motion, confining it so to do, similar to the opera- 
tions performed on a drawing-bench. 

Thirdly, in some cases I use, instead of common 
saws, axes, (Janes, chisels, and other such instruments, 
usually applied by band ; cutters, knives, shaves, planes, 
and the like, variously, as the nature of the work may 
fender necessary f some in form of bent knives, spoke- 
sfaaves, or deep-cutting gouges, similar to those used by 
turners for cutting oil the roughest part. I also apply 
planes of various shapes and construction, as the work 
may require, to follow the former in succession, under 
the seme operation ; and which latter I call furnifoers. 

Fourthly, these cutters, knives, 8tc., I fix on 
frames of wood, or metal, properly contrived for their 
reception, and from which they may be easily detached 
fbr foe purpose of sharpening, and the like— these I 
call cutter-frames. These cutter-frames I move in 
cases like those on which the saws are fixed in a saw- 
ing-mill, and sometimes to reciprocate in a horizontal 
-direction, confined and stationed, by grooves or other- 
wise, as may be found best calculated to answer the 
several works intended. In other instances, and which 
I apprehend wit! generally have the preference, I fix 
cutter-frames on a rotary upright shaft, turning on a 
step, and carrying the frame round in a (Erection similar 
to foe upper mill-stone; and sometimes 1 cause the 
frames to turn on a horizontal shaft, just resembling 
foe mandril of a common turning-lathe, or those ma- 
chines used for cutting logwood, 8cc., fbr the dyers' 
uses. When these frames are mounted in any of the I 
foregoing directions for cutting ; planes, 8cc., are fixed j 
so as to fall successively in contact with the wood or 
other materials to be cut, so that the cutter or tool, cal- 
culated to take foe rough and hilly part, operates the 
firft, and those that follow must he so regulated as to 
reduce the material down to foe line intended for the 


surface. These cutter-frames must also have foe pro- 
perty of being regulated by a screw or otherwise, so as 
to approach nearer the work, or recede at pleasure, in 
order that a deeper or shallower cut may be taken at 
discretion, or that the machine may repeat its action 
without raising or depressing the materials on which 
they act. The manner of thus regulating the cutter- 
frames, when on an upright shaft, is particularly de- 
scribed below. These cutter-frames may be made of 
any magnitude and dimensions the work requires, only 
observing to make the diameter of those on the rotary 
plane so as te exceed twice the width of the materials 
to be cut, as the said materials must slide so as to pass 
the shaft on which the cutter-frame revolves, when on 
the upright principle. 

Fifthly, when I use upright shafts, for the purpose 
of carrying the cutter-frame as above described, I do 
not mean that the lower end or point of such foafb 
shall come in contact with, of rest on, the bottom of 
the step or box in which they stand : neither do I mean 
that such said shafts shall rest or turn on any stationed 
unalterable point at rest, but the pivot or lower point 
of the shaft shall actually rest and turn on a fluid body, 
such as oil, or any other fluid proper for that purpose, 
a considerable portion of which is always to be kept 
between the lower point of the shaft and foe bottonupf 
the step in which it works. The said foafts maybe 
either raised or depressed at pleasure to any required 
altitude, by means of a greater or less quantity of the 
said fluid being confined as aforesaid between foe ead 
of the shaft and the bottom of the step. This device I 
deem of great consequence in the fabrication of aH 
kinds of machinery, where massy arid heavy loaded up- 
right shafts are used ; and I perform it in the following 
manner : that is to say : the lower ' part of foe shaft 
must be turned perfectly smooth and cylindrical, to a 
height something above the greatest distance or length 
the shaft will ever be required to be raised or depressed 
when in use. This part of the shaft I immerse or drop 
into a hollow cylinder, which fits its circumference near 
enough to allow freedom of motion, but sufficiently 
fitted to prevent shake. This cylinder I call foe step- 
cylinder, and which must be of a, length nearly equal 
to that of the cylindrical part of the shaft above-men- 
tioned, so that when the point of the shaft rests on the 
bottom of the cylinder, the parallel or cylindrical part 
may be something above the top or upper end of the 
step-cylinder. In the upper end of this step-cylinder I 
make a stuffing-box, by means of a double cupped lea- 
ther, or other materials, surrounding the cylindrical 
part of the shaft, in such a way as will cause the junc- 
tion, when the shaft is passed through it, to remain 
water-tight under any pressure that may be felt from 
the efforts of the fluid retained as before mentioned, to 
make its escape upwards through this part, which I have 
called the stuffing-box, when the shaft, with all its 
load, is passed through it, and immersed in the cylia- 
1 der below. When this is done, foe injecting-pipe of a 
small forcing-pump, similar to those I use in my patent 
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press, must form a junction with the step-cylinder In 
some part below the stuffing-box ; then the pump being 
worked, the oil, or other fluid injected by it, will, by 
pressing in all directions, cause the shaft to be raised 
from its rest, on the bottom of the cylinder, and to be 
dided up through the stuffing-box just the same as the 
piston of my patent press; and by this means the shaft, 
with all its encumbrance, and whatever may be its 
weight, may be raised to any given point at pleasure, 
and at the same time it will be left resting on the fluid 
under it, whatever the quantity or thickness of such 
fluid npy be between its point and the bottom of the 
step-cylinder. By this means the shaft, with all its 
incumbent load, as aforesaid, should it even amount to 
hundreds or thousands of tons, can be easily raised and 
depressed to any required point at pleasure, by the 
alternate injection or dischaige of the fluid used, 
exactly the same as performed by my patent press as 
aforesaid; and at the same time all friction will be 
avoided, except that of the stuffing-box, which will be 
comparatively trifling to that which would result from 
the resting of such a shaft on the bottom of the step, 
in the usual way. Thus will be gained the properties 
above stated ; and in addition thereto, I think it any be 
inferred, that, provided the stuffing-box is kept per- 
fectly fluid tight, such a shaft, thus buoyed up by and 
1 turning in a proper fluid, may continue working for 

1 years, or perhaps hundreds of years, without a fresh 

5 supply of oil, or whatever other fluid substance is found 

f the most proper to apply. 

1 Sixthly, Uie material that b to be cut and made 
true must be firmly fixed on a platform, or frame, 
i made to slide with perfect truth, either on wheels or io 

' grooves, &c-, similar to those frames iu a saw-mill on 

i which die timber b carried to the saws. These frames 

must be moved iu a steady progressive manner, as the 
t cutter-frame turns round either by the same power 
i which moves the latter, or otherwbe, as may be found 
to answer best in practice. Thb motion also must be 
under the power of a regulator : so that the motion of 
the sliding frame may be properly adjusted according to 
the nature of the work- The motion of the cutler- 
frames must also be under the control of a regulator ; 
so that the velocity of the tool in passing over the work 
may be made quicker or slower, as such work may 
respectively require, to cause the cutter to act prpperly, 
and to the best advantage. 

Seventhly, I regulate the motions of both these 
t parts of the apparatus, as aforementioned, by means of 
j: a new invention, which I call a universal regulator of 
p velocity, and which b composed as follows ; viz. I take ! 
f nay number of cog-wheels, of different diameters, 
with teeth that will exacdy fit each other through the 
i whole, suppose ten, or any other number, but for 
pj example, say ten, the smallest of which shall not exceed 
4 one iigh in diameter, and the largest suppose ten inches 
t id diameter, and all the rest to mount by regular grada- 
) tions in their diameters from one to ten. I fix these 
f ten wheels fapt and immoveable, on an axis perfectly 

I- 


true, so as to form a com of wheels. 1 then take ten 
other wheels, exactly the same m all respects as the 
former, and fix them on another axb, also perfectly 
true, and the wheels in conical gradation also; but 
these latter wheels I do not fix fast on their axis, like 
the former, but leave them all loose so as to turn upon 
the said axb, contrary to the former which are fixed. 
All these latter w h eel s I have the power of locking by a 
pin, or otherwise, so that I can at discretion lock eft 
set fast any single wheel at pleasure. I then place thb 
two axes parallel to each other, with the wheels which 
form tiie two cones, as above described, in reversie 
position, so that the large wheel at the one end of thb 
cone may lock its teeth info die smallest one in thb 
cone opposite, and likewise vice versa. Then suppose 
the axb on winch the wheels are permanently fixed to bb 
turned about, all the wheels on the other axb will be 
carried round with an equal velocity with the former, 
but their axb wiH not sieve. Then lock the largest 
wheel on the loose axis, and by turning about the 
fastened axb as before, it must make ten revolutions, 
while the opposite performs but one : then by unlocking 
the hugest wheel and locking the smallest one at die 
contrary end of die cone in its stead, and turning as 
before, the fastened axb will then turn the opposite 
ten times while itBelf only revolves once. Thus thb 
axes, or shafts, of these cones, or conical combination 
of wheels, may turn each other reciprocally, as one to 
ten, and as ten to one ; which collectively produces a 
change in velocity under a uniform action of the 
prrmum mobile , as ten to a hundred: for when the 
smaH wheel on the loose axb is locked, and the fast one 
makes ten revolutions, the former will make one hun- 
dred. And by adding to the number of those wheels 
and extending die cones, which may be done ad infini- 
tum, velocity may be likewise infinitely varied by this 
simple contrivance — A may tern B with a speed equal 
to thousands or millions of times its own motion ; and 
by changing a pin and locking a different wheel, as 
above described, B will turn A in the same propor- 
tion, and their power will be transferred to each, in 
proportion as their velocities, reciprocally. Here is 
then a universal regulator at once for both power and 
velocity. In some instances I produce a like effect by 
the same necessary number of wheels, made to corre- 
spond in conical order, but instead of being all con- 
stantly mounted on the axes or shafts, as above de- 
scribed, they will reciprocally be changed from one 
axb to the other in single pairs, match according to the 
speed or power wanted, just as in the former instance, 
Thb method will have in all respects die same effect, 
but not so convenient as when the wheels are all 
fixed, 8cc. 

Eighthly, when spherical surfaces are to be pro- 
duced perfectly true, and equidbtant from their centres 
in all directions, I use a tool, or cutter, of a proper 
shape, according to the nature of the materials tp be 
ait. This tool must be fixed on a cutter-frame, fas- 
fenedto the rest of any common lathe, so as to present 
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its point exactly to a fine drawn through -the centre of 
the mandrel of the lathe horizontally, and the said frame 
on which die cutter is fixed must have the capacity of 
drawing out, at pleasure, to any required distance, to 
accommodate the diameter of the sphere to be cut or 
turned true. This cutter-frame must be likewise made 
to turn upon a centre or pin, very firm, and steadily 
fixed on the rest above-mentioned, so as to enable the 
cutter to be turned by its frame round a centre exacdy 
perpendicular to die centre of the lathe or line before- 
mentioned, by which the altitude of die tool’s point is 
to be regulated; when this is done, and the wood or 
Other materials fixed on the lathe in the usual way, the 
cutter-frame must be drawn nearer, or farther distant 
from the centre on which it turns, to accommodate the 
diameter, just the same as the common rest If die 
materials be rough, and require to be reduced to a 
spherical form by gradations, the work may be re- 
peatedly gone over by the cutter, before it reaches the 
diameter proposed. By this simple apparatus the dif- 
ficulty of turning perfect spheres is overcome; as it 
must be obvious to any person of the most ordinary 
capacity in mechanics, that while the work is turning 
in the lathe in a vertical direction, and the tool or cutter 
is by the hand or otherwise, turned, at the same time, 
in a perfectly horizontal direction, round a centre, op- 
posite to the actual centre of the sphere, the point of 
the tool or cutter must, of necessity, generate or turn a 
perfect sphere, true in all directions, without the small- 
est attention or assistance from die use of the instru- 
ment. I mention here the application of the cutter- 
frame to a common lathe, conceiving it will, by such an 
explanation, be more familiarly understood without a 
drawing ; but, by this method, spheres of any practical 
magnitude may be cut with perfect ease and cer- 
tainty. 

Ninthly, when concave surfaces are to be produced 
perfectly true, smooth, anc^ equidistant from their re- 
spective spherical centres, the work is fixed on a ma- 
chine the same in all respects as the common turning 
lathe, as in the instance last referred to ; I then fix a 
tool or cutter on a centre, exactly in ‘a line, both per- 
pendicular to, and on a level with the exact centre of 
the shaft or mandrel on which the work revolves ; and 
which cutter or tool projects to the required radial 


distance with its point, so that when the work goes 
round by the revolution of the lathe, the tool or cutter 
at the same time revolving round its centre, a spherical 
concave will be generated atid produced by the flection 
of its point, as in the instance of the convex sphere. 

Tenthly, I convert solid wood, or other materials, 
into a thin concave shell, similar to a dish. I cut them 
alternately out of each other, beginning at the smallest, 
by means of another tool or cotter, likewise moving on 
a stationed centre, as before, exactly on a level with, 
and perpendicularly true with the centre of the mandrel 
or waft of the machine on which the work is fixed. 
This tool, or cutter, is made at its exterior point, or 
cutting end, of such a shape as best soits the nature of 
the work ; and its shank, or stem, is bent to the exact 
circle the concave is meant to be : it is then fixed on an 
arm or frame calculated to receive others of different 
circles, according to the work ; in fact, the same frame 
may be used which is above described to hold the tool 
for cutting spheres, either of the concave or convex 
kind. The tool mast be fixed oil this frame or arm, as 
above-mentioned, at such a radial distance from die 
centre on which the frame or arm turns, so as to form 
a quadrant with one leg, turning on its centre, and the 
tool forming the periphery with its cutting point pro- 
jecting to the line of the deficient leg. Before this 
tool begins its action, a common rest must be applied 
close to the face of the work, in order to support the 
tool when it begins its cut ; and on which rest the tool 
will slide till its point proceeds under the control of 
the centre on which its frame is fixed, until it reaches 
the horizontal line of the lathe’s centre, when the part 
cat off, or the inner dish, will fall from the stock, and 
leave the rest for the operation of another tool, of a 
laiger circle. Thus the operation may be repeated till 
the whole lump is converted according to the inten- 
tions of the owner. 

This is one of the patent inventions that has been 
brought into use, and is found of very great importance 
at Woolwich, where it has been long at work, and by 
which we have been told thousands of pounds are an- 
nually saved, as well by the velocity of the work per- 
formed, as by enabling the workmen to use up timber 
that from its knotty substance could not be wrought by 
the hand. 


PLASTERING. 


The plasterer occupies a very considerable space as 
a mechanic in every department of architecture. To 
him is .intrusted the finishing of the sides and ceilings 
of the interior of buildings, and, also, the stuccoing in 


all the various manners on their exterior. The decora- 
tive part of architecture owes a considerable part of its 
effect to the plasterer, as he supplies die facilities of 
producing it. 

Plastering 
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Plastering, in this article, will be divided, and placed 
under its several heads, and will include plastering on 
laths in its several ways ; also rendering on brick and 
stone ; and, finally, the finishing to all the several kinds 
of work of this description. Also, modelling and cast- 
ing the several mouldings, both ornamental and plain ; 
stuccoing and other outside compositions which are ap- 
plied upon the exterior of buildings, and the making and 
polishing the scagliuola, so much die taste now for co- 
lumns and their ante. 

Lime forms an extensive part in all the operations of 
this trade ; its nature and composition are too well kabwn 
to be much dwelt upon in this place ; chemically con- 
sidered, its specific gravity is 2,3, and, when pure , it is 
soluble in 300 parts of water. It is reduced to the state 
known as quick-lime, by being deprived of its fixed air, 
or carbonic acid and water by means of heat generated 
from fuel in a kiln prepared for the purpose, lime- 
stone, or chalk, intended to be thus reduced, is broken 
into convenient pieces, and piled with coal or wood, 
stratum, super stratum, in kilns, where it is kept for a 
considerable time in a white heat, by this means the 
carbonic acid and water are driven off, and quick-lime is 
the product. It is veuded at the wharfs in bags, and 
varies in its price from thirteen shillings to fifteen shil- 
lings per hundred. Most of the lime made use of in 
London is prepared from chalk, and the greater pro- 
portion comes from Purfleet, in Kent : but, for stucco- 
ing and other work, in which strength and durability 
are required, the lime made at Dorking, in Surrey, is 
preferred. 

The composition, known as plaster of Paris, is that 
on which the plasterer is very much dependent for pro-* 
ducing whatever is good in his business : by it alone he 
is enabled to give the form and finish to all the better 
parts of plastering, with it he makes all his ornaments 
and cornices, besides mixing it in his liine to fill up 
the concluding coat fo the walls and ceilings of rooms. 
The stone from which it is obtained is known in the 
Aits by several names, as sulphat of lime, selenite, 
gypsum, &c. &c., but it is commonly called plaster of 
Paris, from the circumstance, perhaps, of the immense 
quantities which are extracted from a mountain in the 
environs of Paris, called Mont-martre. The stone from 
this place is, in its appearance, similar to common 
free-stone, excepting its being surrounded and full 
of small specular crystals. The French break it into 
fragments of about the size of an egg, and then burn 
it in kilns with billets of wood : till they perceive the 
crystals have lost their brilliancy, it is afterwards ground 
with stones to differenf degrees of fineness, and is then 
considered fit for use.. This kind of specular gypsum is 
affirmed by some travellers to be employed in Russia, 
where it abounds, as a substitute for glass in windows. 
According to chemists its specific gravity is from 1.872 
to 2.31), it requiring 500 parts of cold water and 450 
of hot, to dissolve it; when calcined it decrepitates, be- 
comes very friable and white, and heats a little with 
water, with which it forms a solid mass. In the process 


of burning or calcination it loses its water of crystalliza- 
tion, which, according to Fourcroy, is 22 per cent. 

The plaster made use of in London is prepared from 
a sulphat of lime dug in Derbyshire, and is called ala- 
baster . It is said eight hundred tons are annually raised 
there. It is brought to London jn a crude state, where 
it is calcined, and ground in a mill for use, and vended 
in brown paper bags, each containing about half a peck ; 
the coarser sort is about fourteen-pence per bag, and 
the finest from eighteen-pence to twenty-pence. The 
figure-makers use it for all the casts which they prepare 
of anatomical and other figures, and it is of the first im- 
portance not only to the plasterer but to the sculptor, 
mason, 8cc. 

The working-tools of the Plasterer consist, in the 
first place, Of a spade of the common sort, a two or 
three pronged rake, which he uses for the purpose of 
mixing his mortar and hair together. His trowels are 
of two sorts, and of oue of which there are in use 
three or four sizes. The first sort is called the laying 
aod smoothing tool ; its figure consists in a flat piece of 
hardened iron, very thin, of about ten inches in length 
and two inches and a half in width, ground to a semi- 
circular shape at one end, while the ofter is left square; 
on the back of the plate, and nearest to the square end; 
is rivetted a piece of small rod iron having two legs, one 
of which is fixed to the plate, and to the other a round 
wooden handle is adapted ; with this tool all the first 
coats of plastering are put on the work, and it is also 
used in setting, as it is called, or putting on the final 
coat of plastering. 

The trowels of the plasterer are made more neatly 
than the tools of the same name used by other arti- 
ficers. The largest size is about seven inches long 
on the plate, and is of polished steel, two inches and 
three-quarters at the heel, diverging to an apex or point, 
to the wide end of whiqh is adapted a handle, commonly 
of mahogany, with a deep brass ferrule ; with this trowel 
the plasterer gauges, as he terms it, all his fine-stuff 
and plaster for the purpose of forming cornices, mould- 
ings, Sic. The other trowels are made and fitted up 
in a similar manner, varying gradually in their size from 
two to three inches long only. 

The plasterer has in use also several small tools, called 
stopping and picking-out tools ; they are made of steel, 
and well polished, and are of different sizes, commonly 
about seven or eight inches long, about half an inch 
wide, flattened at both ends, and ground away till they 
are somewhat rounding. With such tools he models and 
finishes all the mitres, and returns to the cornices, and 
fills up and perfects the ornaments at their joinings. 
The plasterer keeps all his working tools uncommonly 
clean ; they are polished by the hawk-boys daily, and 
never put away without being wiped and freed of the 
plaster about them. 

The plasterers require many rules and models of ' 
wood ; these rules, or straight-edges, as they are called, 
enable them to get their plastering to -an upright line, 
and the models to run plain mouldings, as cornices, &c. 
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. The cements made use of by the plasterer for the in- 
terior work, are of two or three sorts. The first of 
which is called lime and hair , or coarse stuff \ this is 
prepared in a similar way to common mortar, with the 
addition of having the hair from the tan-yards, mixed 
in it. The mortar to form lime and hair is previously 
mixed with the sand, and the hair added afterwards; 
this the labourers incorporate by the three-pronged rake. 

Fine stuff, as it is termed, is lime only, slaked with 
a small portion of water, and afterwards saturated to 
excess, and put into tubs in a semi-fluid state, where it 
is allowed to settle and the water to evaporate. A 
small proportion of hair is sometimes added to the fine 
stuff. 

Stucco for inside walls, Called troweled or bastard 
stucco, is composed of the fine stuff above described, 
and very fine washed sand, in the proportion of one of 
the latter to three of the former. With such stucco 
all walls intended to be painted are finished. 

Mortar, called gauge-stuff by the plasterer, consists 
in takipg about three-fifths of fine stuff and one of plaster 
of Paris, ahd mixing them together with water, in 
small quantities at a time, to render it more susceptible 
of fixing or setting, as it is called* A cement so 
gauged, is employed to form all the cornices and 
mouldings which are run with a mould of wood.* The 
plasterers gauge all their mortars with plaster of Paris 
when great expedition is required, as they can immedi- 
ately proceed id their work by so gauging the mortar, 
as it fixes and sets m soon as laid on. 

Plasterers have technical divisions of their work, by 
which is designated its quality* and from which its value 
is ascertained. ' 

Lathing consists in nailing up slips' of wood on the 
ceiling and partitions, which are raided from fir r or 
oak, and are called three-foots and four-foots , being of 
these several lengths, and are purchased by the bundle 
or load. There are three sorts of laths, viz. single 
laths, lath and half, and double laths. Single laths 
are the cheapest and thinndst ; lath and half is supposed 
to be one-third thicker than the single lath;aud the 
double laths twice their thickness. The laths most in 
use in London are made of fir, the wood for Which is 
imported from the Baltic and America, in pieces called 
staves. AH the London timber-merchants are dealers 
m laths, and there are many places besides, which con- 
fine themselves exclusively to this business. The fir 
laths are generally fastened by cast-iron nails , whereas 
the oaken ones require wrought-iron nails, as no nail of 
the former kind woutd be found equal to the perforation 
of the oak, but would shiver in pieces in the attempt at 
driving them through it. In lathing ceilings, it is desi- 
rable the plasterer should make use of both the usual 
lengths, and so manage the nailing of them up that the 
joints are as much broken as possible, which will tend 
much to strengthen the plastering with which they are 
to be covered, by giving them a stronger key or tie . 
The strongest laths are adapted to the ceilings, and the 
slightest or single laths to the partitions of buildings. 


haying, as it is called, consists in spreading a single 
coat of lime and hair all over a ceiling or partition, 
taking care that it is very even in every part, and quite 
smooth throughout. This is the cheapest manner of 
plastering. 

Pricktng-up is a similar method to laying, excepting 
that it is used.as a preliminary to a more perfect kind of 
work ; after the plastering has been put by in this me- 
thod, it is crossed all over with the end of a lath which 
has the effect of giving a key or tie to the finishing 
coats, which are to follow afterwards. 

bathing, laying , and set , mean that the work b to 
be lathed-** before described, and covered with one 
coat of lime and hair, and when this is sufficiently dry, 
finishing it by covering it over with a thin and smooth 
coat of lime only, called, by the plasterer, putty, or 
set . This coat is spread by the workman with his 
smoothing trowel ; in doing which he is supplied with t 
large fiat hog’s hair brush and water. In his right baud 
he bolds his trowel, and in bb left the brash : and as he * 
lays on the set he draws the brush backwards and for- 
wards over it, and by the assistance of the brash and 
trowel he b enabled to get the ceiling or wall tolerably 
even for this cheap kind of work. 

Lathing, Jtoating, and set, consist as before in re- 
spect of me lathing and covering them over by a coat of 
plastering, excepting only, that for the floated work, a 
pricking-up coat b used ; when this coat is sufficiently 
dry another b put on to receive the set, and which is 
called the floating : thb is performed in manner follow- 
ing, viz. the plasterer provides himself with a strong 
rule, or straight-edge, often from ten to twelve feet 
in length ; two workmen are necessary in thb part of 
the work, as one would be inadequate to the handling of 
the straight-edge. It b begun by {dumbing with a 
plumb-rule, and trying if the parts to be floated are up- 
right and straight, by which b ascertained where the 
filling-out , as it is called, b wanting. Thb they do by 
putting on a trowel-fall or two of lime and hair only ; 
when they have ascertained these preliminaries, the 
screeds , as they are called, are commenced to be 
formed. 

A screed in plastering means a stile formed of lime 
and hair about seven or eight inches wide, gauged ex- 
actly true, by drawing the straight-edge over it tiH it b 
so. In floated-work such screeds are made at every 
three or four feet distance vertically round a room, and- 
are gotten perfectly straight by applying the straight-edge 
to them to make them so, and when all the screeds are 
formed the parts between them are filled up with lime 
and hair, or ttuff, as it is called, until they are quite 
flush aud even with the face of the screeds. Tbe 
straight-edge is then worked horizontally upon the 
screeds, which has the effect of taking off all super- 
fluous stuff which projects above them. In thb way is 
finished the floating by adding stuff continually, and ap- 
plying the rule upon the screeds till it become quite even 
with them, and straight in every part. Ceilings are 
floated in the same manner, by having screeds formed 

across 


Digitized by 


Google 



PLASTERING. 


487 


across them,* and filling up the intermediate spaces with 
stuff, and applying the rule as is done for the walls. 
Plastering is good or bad, in proportion to the care 
taken in this part of the work, hence the most careful 
workmen are generally employed about it. 

The set to the floated work is performed in a similar 
way to that which has alteady been described for that to 
the hid plastering ; but as floated plastering is em- 
ployed to the best rooms, it is often performed with 
more care than is found necessary in that inferior style 
of work. The set-too for the floated work is frequently 
prepared by adding to it about one-sixth of plaster of 
Paris, which fixes it more quickly, and gives it a closer 
and more compact appearance ; and also renders it 
more firm and better adapted to be whitened or co- 
loured when dry. The dryer the pricking-up coat of 
plastering is, the better for the floated stucco work ; but 
st is not so exacdy for the floatiog which is to receive the 
setting-coat, for if the floating be too dry before the set 
is put on, there is a probability of its peeling off, or 
appearing all over in little cracks or shells, which is 
particularly to be avoided in doing the ceilings. Good 
plastering admits of no such defects, and cracks and 
other disagreeable appearances in ceilings more fre- 
quently arise from the weakness of the laths and too 
plastering, or, vice versa , strong laths and too 
little plastering, than from the inadequacy of the timbers 
of the building. Good floated work, executed by a 
judicious plasterer, is by no means likely to crack, and 
particularly if the lathing be previously attended to. 

Rendering and set , or rendering, floated, and set, 
embrace a portion of the process employed in both the 
previous modes, except no lathing is required in this 
branch of the work. Rendering is to be understood 
when a wall of brick or stone is required to be plastered 
over with one coat of lime and hair, and the set desig- 
nates that it is again to be covered and finished in fine 
stuff or putty, The method of doing it, is, as has been 
before described for the setting of the ceilings and par- 
titions for other kind of work* The floated and set is 
performed on the rendering in the same manner as it is 
on the partitions and ceilings of the best kind of plas- 
tering, and has been explained above. 

Troweledrstucco is a very neat kind of work, and is 
used in dining-rooms, vestibules, stair-cases, &c., or 
in cases in which the walls are proposed to be finished 
by painting. This kind of stucco requires to be worked 
upon q floated ground, and the floating should be as dry 
as possible before the stuccoing is commenced, when 
the stucco is made as before described ; it is beaten and 
tempered with clean water for use. The plasterer-' about 
to do it is provided with a small wooden tool, called a 
float, which is merely a piece of half-inch deal, about 
nine inches long and three inches Wide, planed smooth, 
and a little rounded away on ks lower edges ; a handle 
is fitted .to the upper side to enable the workman to 
move it with ease. The statco* is spread upon the 
ground, which has been prepared to receive it, with the 
largest size trowel, and made as events possible all 


| over, and when a piece, four or five feet square, has 
I been so spread, the plasterer hegins to use the wooden 
i float which he holds in his right hand, and in his left, a 
| brush, and he begins to work by first sprinkling a small 
> part of the stucco with water from a brush, and then 
; applies the float, alternately sprinkling and rubbing the 
face of the stucco till he reduces it to a perfectly smooth 
and even surface, and this he continues to do till the 
whole be finished. The water has the effect of harden- 
ing the face of the stucco surprisingly, and when well 
floated the stucco feels to the touch as smooth as glass. 

Cornices are plain or ornamented, and sometimes 
embrace a portion of both. As to ornamental plaster- 
ing a better taste has now developed itself, founded ou 
principles derived from the study of the antique, than 
has heretofore been practised. The preliminaries to 
forming cornices in plastering consist of examining the 
drawings, and measuring the projections of the members, 
and if they shpuld be found to project more than seven 
or eight inches bracketing will be necessary. It consists 
in affixing up pieces of wood .about eleven or twelve 
inches from one another all round the place intended to 
have a cornice, and lathing over them with laths, and 
covering the whole by one coat of plastering, making 
allowance in the brackets for the stuff necessary to form 
the cornice: about one inch -arid a quarter it generally 
found sufficient. When th&Corbicte has been so far for- 
warded, a mould is to be made of the profile or section 
of the cornice, exactly representing all its members; 
this is generally prepared by the carpenters (but at the 
plasterer’s expense) of beachen wood, and of about one 
quarter of an inch in thickness ; all the quirks or small 
sinkings being put in with brass. When the mould is doue 
the plasterer examines if, and rubs and files off all 
the sharp edges, and opens with his knife such parts as 
he finds not adapted to leave the plaster well in the cor- 
nice. When the mould is ready the work of running 
the cornice with it is commenced. Two workmen are 
necessary for the operation ; they are provided with a tub 
of set or putty, and a quantify of plaster of Paris ; but 
before they begin with the mould they gauge a straight 
line or screed on the wall and ceiling made of putty and 
plaster, extending so far on each as to answer to the bot- 
tom and top of the cornice to be formed. On the screed 
so made on the wall, they nail one or two slight deal 
straight-edges, and make a notch or chase in the wooden 
mould of the cornice for it to fit into. This is the guide 
for moving the mould upon. When all is so far ready, the 
putty is to be mixed with about one-third of plaster of 
Paris, and rendered together of a semi-fluid state, by 
being diluted with clean water. One of the workmen « 
now takes two Or three trdwels-full of the prepared 
putty upon his hawk, which he holds in his left hand, 
having in his right a trowel with which he plasters it over 
the parts where the cornice is to be formed, the other 
workman applying the mould to see where more or less 
of it is required ; and when sufficient has been put on 
to fill up to all the parts of the mould, the workman, 
whose business it is to work the mould, moves it back- 
wards 
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wards or forwards, holding it up firmly to the ceiling and 
wall, and which has the effect of removing* the super- 
fluous stuff, and leaving the exact contour of the cornice 
required, formed in plaster against the wall and ceiling. 
This is not effected the first time, but the other work- 
man keeps supplying fresh putty to all the parts which 
he sees, by the moving of the mould, is in want of it ; 
and by thus going on, the one working the mould, 
and the other adding putty, a piece of cornice is soon 
formed of from ten to twelve feet hi length, or shorter 
or longer, as they generally endeavour to finish all the 
lengths or pieces which happen between breaks or pro- 
jections at the same time, in order to its being more 
correct and true. If the stuff gets too stiff by delay in 
working the mould, one of the workmen sprinkles it 
with water from a brush, and this is frequently the case 
in large sized cornices, as the plaster occasions a very 
great tendency to fixation in the putty. When the cor- 
nices are of very large proportions, as is sometimes the 
case in 1 the application of the orders of architecture, 
three or four moulds are requisite, and they are applied 
in the same manuer until the whole composition of its 
parts are formed. The mitres, internal and external, 
and also small returns or breaks are afterwards modelled 
and filled up by hand; the plasterer piques himself much 
on the performance of this part of the work. 

Ornamental Cornices are formed previously, and in a 
similar way to those above described, except that the 
plasterer leaves indents or sinkings in the mould to allow 
of the casts being fixed in. The plasterei^ at this time 
cast all their ornaments in plaster of Paris, whereas ori- 
ginally they were performed by hand, by artists, known 
in the trade as ornament-plasterers. Casting the orna- 
ments in a mould has almost superseded this branch of 
art, as those few which are left are confined wholly to 
modelling and framing moulds to cast out of. The 
most ingenious in this way is Mr. Bernasconi, and those 
under him. This artist has been engaged by architects 
of known taste, and there are to be seen, in his gallery, 
capitals of the best Greek* orders, embracing, perhaps; 
as much of the spirit of the originals as can be accom- 
plished in plaster. Indeed, every thing done by him is 
like the work of an artist. All the ornaments which 
are cast in plaster of Paris are previously modelled in 
clay, exactly representing what is required by the design 
and drawing. The clay model exhibits the power and 
taste of the designer as well as that of the sculptor. 
When it is finished *and got somewhat firm, it is oiled 
all over, and put into a wooden frame, which it is 
adapted to fit into ; 'and all its parts are then re-touched 
and perfected, in order to their receiving a covering of 
melted-wax, which is poured warm into the frame and 
over the clay mould, where it is allowed to cool and fix 
itself. It is, when cool, turned upside down, and the 
wax comes easily away from the clay, and is au exact 
cameo of it. In such a mould are cast all the enrich- 
. ed mouldings, which are performed by the common 
pmsterer. The w'axen models are made so as to cast 
.about one foot in length of the ornament at a time, these 


being found easily to be gotten from out of the cameo. 
The casts are all made with the finest and purest plaster 
of Paris, saturated with water, and Che waxen mould is 
oiled previously to pouring it in to form them. The 
intaglios or casts, when first taken out of the mould, are 
not very firm, and are suffered to dry a little either in 
the air or in an oven adapted for the purpose; and 
when hard enough to bear handling, they are scraped 
and cleaned up for the workmen to fix. in the place 
for which they were intended. Such is- the process 
adapted by plasterers in casting ornamental mouldings. 

The friezes and basso-relievos are performed exactly 
similar, excepting that the waxen mould is so made as 
to allow of a ground of plaster being left behind the 
ornament, of half an inch, or more, in thickness ; this 
is cast to the ornament or figure, and strengthens and 
secures their proportions and promotes their general 
effect when fixed in the places for which they arc in- 
tended. 

Capitals to columns are got up in a' similar wav, bat 
will require several moulds to complete them. To 
make a good capital will demand the utmost exertion of 
the modeller ; he must feel before he can execute them 
with success. The Corinthian capital will require a 
shaft or bell to be first made, exactly shaped, to pro- 
mote a graceful effect to the foliage and volutes, all of 
which, as well as the other details, will require sepa- 
rate and distinct cameos when they are intended for the 
capital to an order, as they are detached when fixed 
upon its shaft. 

The most beautiful capital perhaps ever executed, 
and which approximates in its general character to 
what is generally known as the Corinthian, is that to 
the Choragic monument of Lysicrates at Athens. This 
capital has been successfully modelled and executed in 
plaster of Paris by the before-named Mr. Bernasconi. 

The plasterers, as before mentioned, in performing 
cornices in which ornaments are to be used take care to 
have projections in the running moulds ; these have the 
effect of leaving a groove or indent in the cornice ; into 
this groove is put the ornament after it is cast, and it is 
fixed in its place by having a small quantity of liquid plas- 
ter of Paris spread on its back part Friezes aue prepared 
for, in the cornices, &c. in a similar way, by leaving a pro- 
jection in the running mould at that part of the cornice 
where they are intended to be inserted, and they are also 
fixed in their places by liquid plaster. Detached orna- 
ments, when designed for a cieling or any other part to 
which no running mould has been employed are cast in 
pieces exactly corresponding with the design, and fixed 
upon the cieling or other place by white-lead. 

Plasterers require a great many models in wood, as 
there is rery little of their finishing process completed 
without them. But with a mould a gdod plasterer is 
capable of making the most exquisite mouldings, pos- 
sessing a sharpness and breadth unequalled by any other 
mode now practised. But this is in some measure 
dependent on the truth of the moulds. Good' plaster- 
ing is known by its exquisite appearance both as to 
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regularity and correctness, its solid effect, with no 
cracks or indications of them, in words piano, piano 
canoexo, or piano concavo may be taken as its symbolic 
character. 

Stucco-making and working has for a considerable 
time employed the ingenuity bf several descriptions of 
persons, viz. architects, chemists, physicians, and plas- 
terers ; but in our climate little good has been effected 
by their experiments, excepting the teaching of a better 
understanding of the materials employed in it. The 
common stucco now made for external work is compo- 
sed of cleanly-washed Thames sand and (ground Dorking 
Ume, which are to be mixed in a ary state in the 
proportion of three of the latter to one of the former 
and when they have been well diffused one with the 
other, the compound should be put into casks and se- 
cured from the air. This is called among the plasterers 
Bailees Compo. The process of using it on bricks or 
other walk consists in first preparing the parts to be 
covered with it by raking the mortar from out of all 
the joints and picking over the bricks, &c. themselves, 
till the whole of the wall appear indented. It is then 
to be brushed to free it of, all dust and other superfluous 
matters which may be hanging About it ; after which it 
must be sprinkled and washed over with clean water, 
and when wrought to this state the wall is ready to 
receive its first coat This part of the work is called by 
the plasterers roughing in. It consists in diluting to 
excess the stucco in pans of water, till it is little stiffer 
in consistence than common white-wash. With stucco 
of this description the workmen rub over the whole of 
the wall by means of a flat hogs’ hair brush, after which 
it must be left till it becomes tolerably dry and hard, 
which is known by its getting more white and 
transparent than when first done. The finishing of this 
kind of stucco-work is commenced by a process 
similar to what has been previously described for 
floated plastering, viz. by the forming of screeds ; to do 
which the stucco is brought in casks, and tempered and 
saturated with water, and when deemed of a consistence 
proper for the work, some of it is spread on the wall 
to about eight or nine inches wide, and against its two 
outward or extreme ends, first extending from the top 
to the bottom of the wall. Two workmen are required 
to do it, the one in supplying the stucco, the othelr in 
using and trying the plumb-rule and straight-edge. 
When the s creeds are formed and found to be quite 
true, others will require to be made and usually at every 
four and five feet distance from each other, unless it 
should happen that the apertures prevent it, in which 
case they must be formed as near together as possible. 
When the screeding is done, the wall will appear with 
sundry vertical stiles of detached stucco on it. These 
vs the screeds, and will be the guides to the workmen 
in getting the wall, covered over neatly and truly in 
stucco. More compo is now to be prepared, and in 
larger quantities than was wanted for the screeding ; and 
when the stucco is ready, both the workmen begin by 
spreading it with their trowek over the wall in the space 


left between each two of the screeds which are nearest 
together, and when this space is filled up flush to 
them the straight-edge is applied across both, and 
dragged from the top to the bottom, which removes 
and brings away all the superfluous stucco which pro- 
jected above the screeds. To the hollow mid uneven 
parts fresh stucco is added, and die rule again applied 
and dragged backwards and forwards until the stucco 
completely raises itself up to the face of the screeds, 
and answers correctly to the edge of the rule ; and so 
the workmen go on until all the spaces left between 
the screeds are filled up flush to them with the stucco, 
and the whole wall becomes entirely covered over with 
it. As the work proceeds thus gradually, space after 
space, one part will be done before another is ; this is 
found to be a convenience, inasmuch as it admits of 
those parts which have been done first getting somewhat 
more dry than the others, which allows the final finish- 
ing to be proceeded in without any delay. The finish- 
ing to this kind of stucco-work consists in floating or 
hardening its surface by rubbing it with a wooden float 
and sprinkling it with water. This operation is simi- 
larly performed to the method before described for , 
trowelled stucco . 

Cornices or mouldings are formed in this kind of 
stucco by plasterers in the same manner (by moulds 
and screeds) to what has been before explained for doing 
them in common plastering. But the workmen find 
it essential to add a small qtiantity of plaster of Paris to 
the stucco, in order to produce a greater degree of 
fixation to it while running or working the mould. 
This is not much calculated to add strength to the 
stucco, and is only employed from necessity. 

The patent stucco of Dr. B. Higgins had consider- 
able reputation about thirty years since, and was em- 
ployed by die Messrs. Adam in several places, but 
particularly in their great work to the Adelphi. It was 
composed of 14 or. 15 pounds of .choice stone lime, 14 
pounds of bone ashes finely powdered, and 9* pounds 
of dean sand, fine or coarse according to the work 
intended, mixed up into mortar as quickly as possible 
with lime water, and used as soon as made. Altogether, 
there are about forty different suggestions and modes of 
forming the same materials into stucco, varying the pro- 
portions of each only, not one of which in this climate 
has been found to remain in a tolerably entire state above 
thirty years. Bailey’s is the best common stucco now 
in use, and when done by himself is not very likely to 
fail, but it crackB and becomes unsightly in a few years. 
However, after all the toil and pains which had been 
taken on the subject by the titled superiors in science, it ; 
fell to the lot of a plain, and, we hope, honest man, with- 
out either an university or an academic distinction, to 
produce to his countrymen a cement embracing every 
requisite of durability, facility of working, and at the 
same time singularly capable of being formed with ease 
and expedition into every moulding or device in ar- 
chitecture and masonry. It is not too much to say of 
it, that it is the ne plus ultra of cements. This inven- 
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lion was announced to the public by Mr. Parker, in 
June 1796, at which time he obtained letters patent for 
liis invention. The way certainly in which he de- 
scribes the nature of his new composition is liable to 
some objection from want of definiteness, but the ob- 
ject was obtained and he was satisfied. He says, no- 
dules of clay or argillaceous stone generally contain 
water in their centre surrounded by calcareous crystals, 
and having veins of calcareous matter. They are formed 
in clay, and are of a brown colour like the clay. The 
nodules are directed to be broken into small pieces 
and burned in a kiln-like lime/ with a heat nearly suf- 
ficient to vitrify diem, and to be then reduced to a 
powder. Two measures of water to five of the powder 
makes tarras; lime and other matters may or may not 
be added, and the proportion of water may be varied. | 
Mr. Parker’s patent now having expired there are many 
other manufacturers of this cement, which are found to 
be of equal goodness in point of quality and some of 
them of rather a better colour, which is a recommenda- 
tion, as the fresco-painting now used upon it when ap- 
plied to buildings soon waslies off by the rains and leaves 
it of a dark dingy and bad appearance. That made and 
sold by Mr. Cooke at Smarts Wharf, near Westminster 
Bridge, is of the lighter description of colour, and is of 
excellent quality! There are two qualities of this cement 
in use, the one fine and the other coarse; all the outsides 
of buildings are done with the latter, while the cornices 
and devices are formed of the former sort ; the plas- 
terers mix about ohe-fourth of washed sand with it 
when Used for the stuccoing. The process of working 
it, if it be mechanically considered, is the same as for 
the other stuccoing ; but no roughing in coat is re- 
quired for it, as with this cement the work is done by 
the finishing process only of the other kinds. It is 
sold at all the wharfs and other depots in bags or casks 
by the bushel, varying from 4s. 6d. per bushel to 5s. 6d. 
for the coarser sort, and from 6s. 6d. to 7s. 6d. for the 
finest. The bags or casks to be returned or paid for 
at the option of the buyer of the cement. The bags 
usually contain three and the casks five bushels. It is 
• perfectly impervious to water, and may be employed 
with success in the lining of tanks, ice-houses, and cis- 
tern.*, in all of which cases the writer of this article has 
employed it with the desired effect. 

The Frescoing or staining to the walls when stuc- 
coed with this cement ta make them represent the 
masonry of building, is done by diluting sulphuric-acid , 
or, as it is called in the shops, oil of vitriol with wa- 
ter, by putting into the fluid* ochres, &c. to vary the 
tint of the fresco to the taste of the proprietor or 
painter of die work. Of this kind of paint various 
shades of colours are made, with which the stucco 
is painted over in pieces representing stone work, and 
the affinity existing in the iron of the cement ceases, 
and fixes the acid and colour it suspended in and upon 
the stucco, and renders its exterior appearance more 
agreeable to the eye, and at the same time resembling 
the asblering bond of mason^. Some of the workmen 


do this so adroitly as to cause a doubt at first viewing it, 
whether it be cemented or not. Mr. Bemasconi is the 
most distinguished for using the cement and frescoing 
this kind of stucco work. 

Rough-casting is an outside finishing cheaper than the 
stucco ; from which circumstance it is more frequently 
employed on cottages and farm-buildings than in die 
better description of houses. It consists in the first 
place in giving the wall to be rough-casted a pricking- 
up coat of lime and hair, and when this is gotten tolerably 
dry it has a second coat of the same material added to it, 
which is laid on the first, and as smooth and even as it can 
be spread, and as fast as this coat is finished a second 
workman follows the one who is doing it with a pail full 
of rough-cast, which he casts on the new plastering. 
The rough-cast is composed of fine gravel widi the 
earth , washed cleanly out of it, and afterwards mixed 
with pure lime and water till the whole together be of a 
semi-fluid consistence; it is then spread or rather 
splashed upon the wall by a float made of wood. This 
float is five or six inches long and as many wide, of 
half-inch deal, to which is fitted a rounded deal handle. 
The plasterer holds this too in bis right hand, and hi 
his left a common white-wash brush, with the former of 
which he lays on the rough-cast, which is ready mixed 
as above, and with the latter which he dips in the 
rough cast also, he brushes and colours the mortar and 
the rough-cast he has spread, to make them when finished 
and dry appear even, regular, and of the same colour 
throughout. 

Columns, &c. done in Scagliuola is a separate branch 
of plastering. The discovery was made in Italy, where 
much has been executed : it was from thence introduced 
into France, where it fascinated prodigiously all the 
cognoscenti of taste, and hence every thing became 
scagliuola. The first introduction of it into England was- 
by the late Henry Holland, who brought the artists from 
Faria to perform it, some of whom, from finding there 
was a demand here for their labour, remained among 
us and taught our own workmen the art. The principal 
artist who now works in the scagliuola is Mr. Alcott, 
of Southampton-place, New Road ; and as the de- 
mand of late has prodigiously increased he has taken 
in many additional persons, and taught them the mak- 
ing and working of the scagliuola. To execute columns 
and their antae or pilasters in this kind of plastering re- 
quire the following preliminaries. When the architect 
has furnished the drawing exhibiting the diameter of 
their shafts, a wooden cradle is made composed of 
thin strips of deal or other wood, about two and a half 
inches less in diameter than the column is intended to 
I he wheu it is completed. This cradle is lathed all 
round, as is done for common plastering, and after- 
wards covered by a pricking-up coat of lime and kair f 
; and when this is gotten quite dry the artists who work 
I in scagliuola commence their portion of the business. 

I It must be remarked here that the scagliuola is ca- 
; pable of imitating beyond discovery (except by actual 
1 fracture^ the most scarce and precious marbles ; any 
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stone partaking of the quality of marble may be ex- 
actly imitated iu it, the imitation taking aa high a polish, 
and feeling to the touch as cold and solid as the com- 
pactest and densest marble. To perforin this the 
workmen are anxious to obtain the purest gypsum, 
which they usually select themselves, and after breaking 
it in small pieces calcine it. The fire is^vithdrawn as 
soon as they perceive that the largest fragments 
have lost their brilliance, and that the whole mass is 
become opaque and of the same colour. The calcined 
powder is then passed through a very fine sieve, and 
mixed up as it is to be used with a solution of Flanders 
glue, isinglass, &c., and it is m this solution that they 
diffuse the colours required in the marble they are 
about to imitate. But when the work is to be of various 
colours, they prepare each separately, and afterwards 
mingle and combine them nearly in the -same manner 
a s a painter mixes on his pallet the primitive colours 
^’hich are to compose his different shades. When the 
powdered gypsum or plaster is prepared and mingled 
for tie work, it is laid on the shaft of the column, &c., 
covering over the pricked up coat which has been 
previously laid on it, and is floated with moulds of wood 
to the size required, the artist using the colours neces- 
sary for the marble it is intended to imitate during the 
floating, and which becomes miogled and incorporated 
in it. In order to give his work the polish or glossy 
lustre po much admired in works of marble, he rubs it 
with a pumice-stone in one hand, while with the other 
he cleanses it by means of a wet spouge. He next 
proceeds to polish it with tripoli and charcoal, and fine 
soft linen, an.d after going over it with a piece of felt 
dipped in a mixture of oil and tripoli, finishes the oper 
ration by the application of pure oil. 

Hence is effected perhaps one of the completes! imita- 
tions in the world, and when the capitals and bases of 
columns so performed are made of white or other kinds 
of real marble, as is the common practice, the decep- 
tion is past a discovery. It is also as strong and as 
durable as real marble for all works not exposed to ihe 
effects of the atmosphere, retains its lustre as long and 
equal to real marble, and is not one-eighth of the ex- 
pense of the cheapest imported. 

There is a species of plastering practised in the trade 
and known to uie public as Composition , or Composition- 
Ornament. This is done by a distinct set of persons, 
and consists in the making of all kinds of ornaments, not 
only for the decorative part of architecture, but for 
picture, glass frames, &c. 8tc. The composition for 
this work is of a brownish colour exceedingly com- 
pact, and when completely dry very strong. I t is com- 
posed of powdered whitening, glue in solution, and 
linseed-oil ; the proportions of which are, to tw o pounds 
of whitening and one pouud of. glqe, half a pound of 


oil is added. These are placed in a copper and 
heated, stirring it with a spatula till the whole becomes 
incorporated. It is then suffered to cool and, settle; 
after which it is taken and laid upon a stone covered 
with powdered whitening and beaten till it become of 
a tough and of a firm consistence. It is then put by 
for use, coveredHby wetted cloths to keep it as it is called 
fresh . The ornaments to be cast in this composition 
are modelled in clay, as is done for common plastering; 
and afterwards a cameo or mould is carved in a block 
of box-wood. The carving the cameo is done with 
great neatness and truth, as on it depends the exquisite- 
ness of the ornament that is to be cast in it The com- 
position when it is to be used Is cut with a knife into 
pieces adapted to fill the mould, and is closely pressed 
by hand into every part ; it is then carried and placed in 
a press, worked by an iron screw, and by which it is 
further pressed till it is supposed to be forced into every 
part of the sculpture of the cameo : after which it is 
taken out of the press, and by giving it a tap upside 
down only it comes easily away and out of the mould. 
One foot in length is as much as is usually cast at 
a time, and when this is first taken from out of the 
mould, all the superfluous composition is removed by 
cutting it off with a knife ; the waste pieces being 
thrown into the copper to assist in making a fresh sup- 
ply of composition. This composition when formed 
into ornaments is fixed upon wooden or other ground by 
a solution of heated glue, white lead, 8cc. It is after- 
wards painted or gilded to suit the taste and style of the 
work for which it is intended. The best plasterer in 
this line was the late Mr, Thorp of Pnnces-street, 
St. Anns ; and the work appears now to be equally well 
performed by his successor Freeman. It is at least 80 
per cent cheaper than carving, and in many cases 
equally well calculated to answer every purpose to be 
derived from it. 

The measuring and valuing plasterers’ work is con- 
ducted by persons known in the trade as measurers, to 
the public as surveyors. All common plastering is mea- 
sured by the yard square of nine feet ; this incluides the 
partitions and cielings of rooms, stuccoing in and ex- 
ternally, &c. &c. Cornices are treasured by the foot 
superficial, girtiug their members to ascertain their 
width. Their length is the length of the cornice. The 
Running measures consist of beads, quirks, arrises, and 
small mouldings. Ornamental cornices are frequently 
valued in this way also, viz. by the foot run . 

The labour on plasterers’ work is frequently of more ' 
consideration than die materials ; hence a cautious mas- 
ter is particular in noting down the exact time his men 
may take in performing their respective pieces of plas- 
tering, in order to an adequate value being put upon the 
work commensurate to its difficulty. 
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Plumbery embraces a certain portion of hydraulics, 
as well as casting and laying of sheet-lead as a covering 
on buildings. To the plumber is confided the pump- 
work, as well as the making and forming reservoirs, 
large and small, for all the purposes of our domestic 
economy. To him, also, we are indebted for the 
water-closet, a delicate apparatus adapted to every 
situation; the utility of which, in as far as delicacy 
is concerned, is too obvious to need observation : 
it is of English invention, and was unknown on the 
Continent till the Peace of Amiens allowed of its ex- 
portation. 9 

The plumber chiefly works in lead. This metal is 
known in the Arts, from its durability, maleability, and 
many other properties, which renders it of the very 
highest importance. Lead is of a bluish-white colour, 
and, when newly melted, very bright, it soon be- 
comes tarnished by exposure to the air. Its hardness is 
5 ±, its specific gravity is 1 1,3523. It may be reduced 
by the hammer to very thin plates, it may also be drawn 
out into wire ; but its tenacity is not great if compared 
with many of the other metals. A lead wire inch 
diameter is capable of supporting 18:4 pounds only with- 
out breaking. Lead melts when heated to the temperature 
of 612 of Fahrenheit, and when a strong heat is applied 
the metal boils and evaporates. If it be cooled slowly 
it crystallizes. When exposed to the air it soon loses its 
lustre, and acquires at first a dirty grey colour, and, 
finally, its surface becomes almost white. This is 
owing to its gradual combination with oxygen, and con- 
version into an oxide ; but this conversion is exceedingly 
slow. The external crust which forms first, preserving 
the rest of the metal for a long time, from the further 
action of the air. Water has no direct action upon 
lead, but it facilitates the action of the external air ; for 
when lead is exposed to the air, and kept constantly 
wet, it is oxidated much more rapidly than it otherwise 
would be. Hence the reason of the white crust which 
appears upon the sides of leaden vessels containing wa- 
ter just at the place where the upper surface of the 
water terminates. 

Lead is obtained from the mines, and is almost 
always combined with sulphur, and hence it is called a 
sulphur et. The operation of roasting the ore, or smelt- 
ing, as it is called, to obtain the pure metal consists : — 
1. In picking up the mineral to separate the unctuous, 
rich, or pure ore, and the stony matrix, and other im- 
purities. 2. In pounding the picked ore under the 
stampers. 3. In washing the pulverized ore to carry off 
the matrix by the water. 4. In roasting die mineral in 


a reverberatory furnace, taking care to stir it, to fadli- * 
tate the evaporation of the sulphur. When the surface 
begins to become oL the consistence of paste, it is co- 
vered with charcoal, the mixture is shaken, the fire in- 
creased, and the lead then flows down on all sides to the 
bottom of the basin of the furnace, from which it is 
drawn off into moulds or patterns, prepared to receive 
it. The moulds are made so as to tike a charge of 
metal equal to one hundred and fifty-four pounds; 
these are called, in commerce, pigs, or pigs of lead, 
and are exported, and sold as such at the depots, by the 
lead merchants. 

The plumbers use lead in sheets, and of these they 
have two kinds ; one of which they call cast, and the 
other milled lead . The cast lead is used for the pur- 
pose of covering the flat roofs of terraces of buildings, 
forming gutters, lining reservoirs, &c. In architec- 
ture it is technically divided into 5, 5 {, 6, 64, 7, 74, 8, 
and 84 lbs. cast-lead, by which is understood, that to 
every foot superficial of such cast-lead, it is to con- 
tain these several weights of metal in each respectively ; 
so that an architect when directing a plumber to cover 
or line a place with cast sheet-lead, tells the workman 
that “ it is to be done with 6 or 7 lb. lead meaning 
by it, that he expects each foot superficial of the metal 
to be equal in weight to six, seven, or other number of 
pounds. The plumbers sometimes attempt deception 
m this arrangement, and particularly in work agreed for 
by contract, by putting down a lighter metal than the 
one they have engaged to do. The writer of this article 
has once or more had occasion to interfere in such at- 
tempts, and has had the whole of such lead removed, 
not finding it adequate in weight per foot to that which 
was contracted for. 

Every plumber, who conducts business to any extent, 
casts his sheet-lead at home ; this he does from the pigs, 
or from old metal which he may have taken in exchange. 
The ductility of lead renders it easily to be run, which 
they do with considerable address. To perform which 
they provide a copper, well fixed in masonry, and 
placed at one end of their casting-shop, and near to the 
mould or casting-table. The casting-table is, gene- 
rally, in its form, a parallelogram, varying in its size 
from six feet in width to eighteen or more feet in 
length. It is raised from the ground as high as to be 
about six or seven inches below the top of the copper 
which contains the metal, and stands on strongly framed 
legs, so as to be very steady and firm. The top of the 
table is lined by deal boarding laid very even and firm, 
and it has a rim projecting upwards, four or five inches 
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fell round it. At the end of the table, nearest to the 
copper in which is the heated lead, is adapted a box 
equal in length to the width of the table, at the bot- 
tom of this is made a long horizontal slit, from 
which the heated metal is to issue when it is to be cast 
into sheets. This box moves upon rollers along the 
edges of the projecting rim of the table, and is set in 
motion by ropes and pulleys fixed to beams over the 
table. As soon as the metal is found to be adequately 
heated, every thing is {gotten ready to cast it ou the table, 
the bottom of which is then covered by a stratum of 
dry and clean sand, and a rake is applied to smooth it 
regularly all over the surface. When this is done the 
box is brought close up to the copppr. It must be ob- 
served, that these boxes are made, in their contents, 
equal to the containing of as much of the melted lead 
as will cast the whale of the sheet at the same time, and 
the slit in the bottom is adjusted so as to let as much, 
and no more, out during its progress along the table, 
as will be sufficient to cover it completely of the thick- 
ness and weight per foot required. When the box 
has dispersed its contents upon the table, it is suffered 
to cool and congeal, when it is rolled up and removed 
away, and other sheets are made till all the melted 
metal in the copper be cast up, and it is emptied. The 
.sheets so formed are rolled up and weighed, a* it is by 
weight the public are charged for sheet-lead. 

The other kind of sheet-lead made use of by plum- 
bers, called, in the trade, milled lead , is not manufac- 
tured at home. This they purchase of the lead mer- 
chant, as it is cast and prepared commonly at the ore 
and roasting furnaces. Such kind of lead is very thin, 
and commonly there is pot more than four pounds of 
metal to the foot superficial. It is used by architects 
for the covering only of the hips and ridges of roofs of 
buildings. It is by no means adapted to gutters or ter- 
races, or, in fact, to any part of a building much ex- 
posed either to great wear and tear, or the effects of the 
sun, as it expands and cracks by the latter, and is soon 
worn away by the former exposure. It is laminated in 
sheets about the same size as has been described for cast 
sheet-lead ; and, in the operation of making, a lami- 
na ting-roller is used, or a flatting-mill, which reduce* it 
to the state in which it is seen in commerce. 

Solder is used by the plumber for the purpose of se- 
curing tbe joints, of leaden work, in cases in which a 
lap or roll-joint cannot be employed. It is a general 
rule with respect to solder, that it should always be 
easier of fusion than the metal intended to be soldered 
by it. Next to this, care must be taken that the solder 
be as far as it i& possible of the same colour with the 
metal intended to be soldered. Technically, tbe soft 
solder is that which the plumber makes use of, by rea- 
son of its melting easily. This solder is composed of 
tin and lead , in equal parts, fused together ; after ! 
which it is run into moulds in shape not unlike a common 
gridiron. In this state it is sold by the pound by the 
manufacturer. In the operation of soldering, the sur- 
faces of the metal intended to be joined are scraped 


and rendered very clean, they are then brought close up 
to each other, and, to secure them, they are held by one. 
plumber while another lays a little resin or borax about 
tbe joint. This is done to defend the metal, while sol- 
dering, from oxidation. The heated solder is then 
brought in a ladle and poured on the joint to be sol- 
dered, and is smoothed and finished by rubbing it about 
with a heated grozing-iron, and when complete, it is 
filed or scraped off, and made even with the joint and 
contiguous surface of the lead. 

The plumber has no need of great variety of working 
tools, as the ductility of the metal he works in does not 
require them, and what he may require are generally 
supplied by the master-tradesman. They consist of an 
iron hammer made rather heavier than they usually are 
seen, having a short but thick handle. Two or three 
different sized wooden mallets, and a dressing and flat- 
ting tool. This instrument is made of beechen wood, 
commonly about eighteen inches long, and two inches 
aud a half square, planed quite smooth ou one side, 
and rounded into an arch on the other, or upper side. 
One of its ends is tapered and rounded to make it con- 
venient to be held in the hand of the workman. With 
this tool the plumber stretches out and flattens all the 
sheet-lead, as well as dresses it into the shape it may be 
wanted in. the various purposes to which such lead is 
applied, using first the flat side of this tool, and then 
the round side, as may be required. They have also a 
jack and trying plane, similar to the same kind of tools 
used by carpenters. These tools consist of a piece of 
beechen wood, that for tbe former about sixteen inches, 
and, for the latter, twenty-two inches long, in each of 
which a flat iron of sharpened steel is fitted, and held to 
its work by wooden wedges adapted to mortises made at 
the distance of about one-third from the fore-end of 
each plane. At the opposite end is formed a handle 
by which the planes are worked. With such tools 
plumbers plane , straight the edges of their sheet-lead, 
when it is required to present a very regular and cor- 
rect line, as it is frequently wanted to do iu archi- 
tecture. They are provided also with a line and roller, 
called a chalk-line ; with this they line out all the lead 
into the different widths it may be wanting. Their 
cutting tools embrace chisels and gouges of different 
sizes, as well as several cutting knives. These latter 
are used for the purpose of accurately cutting the sheet- 
lead into the strips and pieces to the division mark- 
ed by the chalk-line which has been drawn on the 
lead. They have files of different sizes, which they 
use in manufacturing of cistern leads to pipes, pump- 
work, 8cc. 

For soldering, they keep a variety of different sized 
grozing-irons ; these are commonly about twelve inches 
long, and tapered at both ends, the handle-end turned 
quite round to allow of its being held firmly in the hand 
while in use. The opposite ends* of which are made 
spherical, and some of tnera are of a spindle-shape, and of 
a size in proportion to the soldering to be done with 
them. These kind of irons are heated to redness when 
6 K used. . 
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used. Their iron ladles are of three or four sizes, and 
used for the purpose of heating the solder. 

A plumber’s measuring rule is of two feet in length, 
divided into three parts, each of which is eight inches 
long. Two of its legs are of box-wood, and duodeci- 
mal^ divided, and a third of a piece of slow-tempered 
steel ; this is attached to one of the box legs by a pivot, 
on which it turns, and the same legs being grooved out 
on its side it receives the steel leg, when not in use, in 
this groove. The plumber finds a rule of this descrip^ 
tion very convenient, inasmuch as he can pass the steel 
leg of his rule into places he may have to examine, 
which he could not readily get any thing else to enter : 
it also answers the purpose occasionally of removing the 
oxide or any other matter from off his heated metal. 
A plumber’s rule, by being so mode, is constantly in 
use in one way or another. 

Scales and Weights are also very essential, as nothing 
done by the plumber is chargeable till it be weighed. 
He is also supplied With centre-bits of all sizes, and a 
stock to work them in, for the making perforations in 
lead or wood, where he may have occasion to insert 
pipes, &c. toe. The compasses he uses occasionally to 
strike out any tircular portion of lead wanted to line or 
cover figures of that description. 

Of laying Sheet-Lead , — The method usually adopted 
consists, if it be for terrates or flats, of covering such 
places with a bottom as evert as possible, either by 
boarding or plastering ; if, by the former, observing to 
have the boards thick enough to prevent their warping 
and twisting Upwards, as, when this is not attended to, 
the lead work is soon cracked and becomes very un- 
sightly. The sheets of lead not being more than about 
six feet iti width ftfokes it necessary to have joints when 
a large surface is to be covered ; these joints the plum- 
ber manages in various ways to prevent them leaking. I 
The best way is by forming what are called rolls ; a roll j 
consists of a piece of wood of about two inches 
square, planed rounding on its upper ride, these are 
fastened under the joints of the lead between (he edges 
of the two sheets which meet together, one of which 
is dressed up over the roll on the inside, and the other 
over both of them on the outside, by which means the 
water is prevented from percolating the flat. No other 
fastening is required than the adherence of the lead by 
being closely hammered together, and down upon the 
flat : indeed, all fastening to the sheet lead, exposed to 
heat and cold, ought to be avoided, as it expands and 
shrinks by such vicissitudes, and if secured so as to 
prevent these from spontaneously effecting it, it will be 
cracked and dilapidated quickly. When rolls are not 
Used, which is sometimes the case from their being 
found inconvenient by their projection, seams, as they 
are called, are employed, and consist in simply bending 
the two edges of the lead which approach to each other 
up and again over one another, and then dtessmg them 
down close to the flat throughout their whole length. 
This plan is by no means equal to the one by the roll, 
either for neatness or security. Soldering die joints 


is sometimes had recourse to for such kind of work, but 
it is a very bad way, and no good plumber would re- 
commend it, as lead so fixed' wilt be cracked and leak 
like a sieve, after having been exposed to one sum- 
mer’s sun. Leaden-flats, as well as gutters, requite to be 
laid with a current to keep tlieoi dry. The rule for 
forming of which consists vn giving a foil from back to 
front, or in the way in which it is deteraiined that the 
sheets of lead are to be laid. A quarter of an inch to 
the foot run is a sufficient foil for lead, that is, if the 
sheets be twenty foet long, and hence they will require to 
be laid five indies higher at one end than at the other. 
This inclination, or, as it is called, giving a current, is 
generally apportioned and determined on by the car- 
penter and plumber previously to the laying of tbe lead, 
while the former’s part of the business is doing. 

Flashings, as they are called, are pieces commonly 
of mil led -lead about eight or nine inches wide, and fixed 
all round the extreme edges of a flat or gutter, in which 
lead has been used. If a wall of brick-work surround 
it, it is passed into the joint between the bricks and ill 
other edge, dressed over that of the edge of the lead 
in the flat or gutter, and when no joint can he found 
to receive its upper edge, it is then fastened by wall* 
hooks, and its other edge dressed down as before. 

Drips in Flats or Gutters consist in raising one part 
above another, and dressing the lead as has been de- 
scribed for covering tbe rolls. They are had recourse 
to when the lengths of the gutter or flat exceed that of 
the lettgth of the sheet, or sometimes for convenience ; 
they are also an expedient to avoid joining the lead by 
soldering it. 

The pipes used by the plumber are of various sizes as 
well as description. All the smaller rises are called by 
their caliber or bore, thus, *, 1, 1|, 1 3 , and 2-mch 

pijie. They originally used to be cast by a core of 
wood of these respective diameters, bat they are now 
all made by a machine worked by steam, which faf- 
nishes a neater article of almost any length, and consi- 
derably more cheap than heretofore. AM those pipes, 
from *, to 14 -inch caliber, are charged by the foot run, 
and those above that size by the hundred weight. The 
rain-water pipes attached to the outside of buildings for 
the purpose of conveying off the superfluous water from 
the roofa of them, caked, by the plumbers, socket-pipes', 
of these several respective diameters is 3, 3±, 4, or 5 
inches, and are made from sheet-lead, and most commonly 
from that which is called milled. They are formed in 
lengths of from eight or ten foet each ; the sheet-lead for 
making which 4s dressed on a rounded core of wood, 
and the vertical joint which is made at the back is fast- 
ened and securea by solder. The horizontal joints ate 
formed by an astrigal moulding in a separate piece of 
lead ahout two or three inches wide, and which laps 
completely over it, both above and below it, and is 
called the lap-joint, or collar of the socket-pipe. Two 
broad pieces of lead are attached to the back of the 
lap-joints, called the tacks, these are spread out right 
and left of the pipe upon the wall to which they am 
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hammered quite close, and answer the purpose of fixing 
the whole to the buildings : to do which, more effec- 
tually, wall-hooks of iron are sometimes put, and driven 
into the masonry. The dsteru-head, which is fixed at 
the top of rain-water pipes, is made up of sheet-lead, 
or cast in a mould. They are commonly moulded into 
a variety of forms, these are easily supplied in a metal 
so ductile as lead is : they are fastened by tacks in the 
same way as the collars are. 

Reservoirs are generally formed of wood or masonry 
on their exterior, and their insides lined with cast sheet- 
lead, the joints of which are secured by solder. In 
this application of soldering no fear of cracking need 
be anticipated, as change of temperature seldom takes 
place hi or near the place where reservoirs are commonly 
placed. 

Fumps are of various descriptions, and employed for 
purposes multiplied and extensive; but the plumber's 
employment ra this kind of work is confined generally 
to the making of two or three several kinds, as may be 
required in our domestic economy. These may be con- 
sidered as the sucking, forcing, and lifting pumps. The 
fo rm er and latter being now the most commonly made 
use of. 

The Suckimg-Pump consists of two pipes, one of 
which is the barrel, and die other die suction-pipe, 
which is of smaller diameter; these are joined by 
means of Sanches pierced with holes to admit of being 
fastened by screwed bolts. The joint of the Sanches 
is filled wkh leather, which being strongly compressed 
by the screwed bolts, renders the joint air-tight. The 
lower end of the suction-pipe is commonly spread out a 
little to facilitate the entry of the water, and frequently 
has a grating across it to keep out filth or gravel. The 
working barrel is cylindrical, and as evenly bored as 
possible, that the piston may fill it with as little friction 
as may be consistent with air-tightness. 

The piston is a sort of truncated cone generally made 
of wood, the small end of which is cut off at the sides, 
so as to form a sort of arch, and by which it is fastened 
to the iron rod or spindle. The two ends of the coni- 
cal part may be hooped with brass : this cone has its 
larger end surrounded with a ring or band of strong 
leather fastened to it by nails. The leather-band 
should always reach to some distance beyond the base 
of the cone, and the whole must be of uniform thickness 
all round, so as to suffer equal compression between 
the cone and working barrel when put into action. The 
seam or joint of the two ends of this band must fie 
made very close, but not screwed or stitched together ; 
if done so H would occasion lumps or inequalities, 
which would destroy its tightness, and no harm can 
f«eult from the want of it, because the two ends will 
be squeezed close together when in the barrel. It is 
by no means necessary that this compression be great ; 
when it is so, it is found a detrimental error of the 
pump-maker, by occasioning enormous friction, which 
destroys tbe very purpose they have in view, viz. ren- 
dering the piston air-tight ; and it moreover causes the 


| leather to wear through very soon at the edge of the 
cone, and also wears away the working barrel; in con- 
sequence of which it becomes wide in that part which is 
continually passed over by the piston, while tbe mouth 
remains of its original diameter, and hence follows the 
impossibility to thrust in a piston that shall completely 
fill the part so worn away. 

Tbe suction-pipe is usually made of smaller size 
than the working barrel, but only for the sake of eco- 
nomy, as it is not necessary that it should be so ; but it 
ought to be of such a size that the pressure of the at- 
mosphere may be able to fill the barrel with water as 
fast as the piston rises.* This is the kiud of pump 
fixed and made by plumbers, and is that which 19 com- 
monly seen over wells and reservoirs for the purpose 
of raising water for tbe common purposes of life. 

The Forcing- Pump consists of a working barrel, a 
suction-pipe, and a main, called serving main, or rais- 
ing pipe. This kind of pump was formerly much 
in use for the purpose of forcing water to unnatural 
heights. The raising pipe of such pumps is usually in 
three parts, the first of which may be considered as 
making part of the working barrel of the pump, and is 
sometimes cast in one piece, with it tbe second is 
joined to it by flinches, with which it forms an elbow. 
Tbe third is properly the beginning of the main, and is 
continued forward to the place of the delivery of the 
water where it is supplied by two moveable valves. 
The beauty of this kiud of pump consists in the perfec- 
tion of the barrel and piston, for which reason it is 
now made of brass or bell metal, and when it is well 
polished the piston may be used in it without either a 
wadding or leather. 

The Lifting- Pump consists as before of a working 
barrel, which is closed at both ends. The piston is 
solid and its rod passes through a coHar of leather in 
the plate, and closes the upper end of die working bar- 
rel. The harrel communicates laterally with the k suc- 
tion-pipe, and above with the raising main. This 
kind of pump differs only from the -sucking-pump be- 
fore described in having two valves, the lower one 
moveable and the upper one fixed. 

The first pump invented above a century before 
Christ by Ctesibius, of Alexandria, to whom also mu- 
sic is indebted for the organ, was a forcing-pump, as 
may be easily collected from its description by Vitru- 
vius ( 1 . x. cap. 12 ). 

Mixed Pumps are the combination of the principle 
of the forcing and sucking-pumps into one machine; 
when the lower valve of a forcing-pump is above the 


9 Tbe length of the suction-pipe should never be greater than 
thirty feet below its moveable valve, and there may be a loss of 
time in the ascent of the water, unless it be made even a few ffeet 
shorter. In nsing it the velocity of tbe stroke should never be less 
than four inches, nor greater than two or three feet in a second. 
The stroke should be as long as possible toprevent loss of water by 
the frequent alternations of the valves. When this pipe is adapted 
to common pnrposes, its diameter should be abeut two-thirds er 
three-fourths of that at the barrel. 
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surface of the water it can only raise it by suction, fyit 
the manufacture of the pump remains as before. 
The mechanism of a pump may be employed for con- 
verting the weight of water descending in its barrel to 
the purpose of working apother pump ; such a pump 
has been invented by Mr. Trevithick, a description of 
which may be seen in Nicholson's Journal. 

Of the Spiral Pump. — If we wind a pipe round a 
cylinder of which the axis is horizontal, and connect one 
end with a vertical tube while the other is at liberty to 
turn round and receive water and air in each revolution, 
the machine is called a spiral pump . This pump was 
invented about 1746, by Andrew Wirtz, a pewterer in 
Zurich, and was afterwards employed at Florence. At 
Archangelsky near Moscow, it is reported such a pump 
was erected in 1784, which raised a hogshead of water 
in a minute to a height of 74 feet, and through a pipe 
7 60 feet in length. The force employed is not stated, 
we may therefore coujecture that it was turned by 
water. 

The Screw of Jrchimedes, or Water Snail, and the 
Water Screw Pump, consist either of a pipe wound 
spirally round a cylinder, or one or more spiral excava- 
tions formed by means of spiral projections from an 
internal cylinder covered by an external coating so as to 
be water-tight. But if the coating is detached so as to 
remain at rest while the spirals revolve, the machine is 
called a water-screw. These kind of pumps are em- 
ployed by the architects in removing superfluous water 
from out of the foundations of bridges or elsewhere. 
The screw of Archimedes should always be so placed 
as to fill exactly one half of a convolution in each turn. 
It has often happened that very unfavourable reports 
have been made of the power of this machine from 
want of attention to this circumstance; for when its 
orifice remains constantly immersed the effect is very 
much diminished. Where the height of water is so 
variable as to render this precaution impossible, the 


water-screw will be preferable, although in this instru- 
ment one-third of the water runs back, and it is easily 
clogged by accidental impurities in the water. • The 
screw of Archimedes is generally .placed when io 
action, so as to form an angle of between 45 and Go 
degrees with the horizon ; while the open water-screw 
will do at an angle of 30 degrees only. -Fo r great 
heights the spiral pump is preferable to either of the 
before-mentioned machines, as promoting a greater effect 
with less labour. 

Pum|>-work will require a very refined calculation 
to develope its real powers. The machines here treated 
of are reduced to public purposes by having their de- 
tails regularly manufactured to almost every required 
purpose, as such they are vended to the plumbs and 
public. 

Water-Closets are made in a similar way, manufactured 
by one set of workmen and sold to the plumber, who u 
another, to fix in their places. A water-closet consists 
of a bason and apparatus, traps, socket-pipe, and cistern; 
the whole of which is put into action by the plumber. 
To supply the cisterns with water is the purpose of his 
adopting a forcing or lifting-pump. These latter are 
on a small scale, very neatly fitted up, and require only 
the suction and main pipe to be added by the plumber, 
to be capable of forcing or lifting water to almost any 
height. They are sold by the manufacturers at 71. 7s. 
each. The mains or pipes are charged by tbe plumber 
additional, with such day-work as is required in putting 
the whole in its place. The bason and apparatus to a 
water-closet is sold for 5l. 5s.; but the whole fitting up 
of such a convenience cannot be made, with all its pipes, 
for a less sum than 25l. to 301. Plumbers charge their 
sheet-lead by the one cwt., and their prices are arranged 
half-yearly by the Warden and Court of Assistants of 
the Plumbers’ Company. The milled-lead is always 
charged two shillings per cwt more than the cast-lead. 


POTTERY. 


Pottery is the art by which plastic earth is con- 
verted into hard and brittle vessels of various kinds and 
forms, and designed for various purposes. The essen- 
tial material of all potteries is clay, which, of itself, 
possesses the two requisite qualities of being in its na- 
tural state so plastic, that, with water, it becomes a 
soft uniformly extensible mass, capable of assuming 
and retaining any form, and when thoroughly dried, and 
having undeigone a red-heat for a time, of losing this 


plasticity, and of becoming hard, dose in texture, and 
able more or less perfectly to confine all liquids con- 
tained within its hollow. The most important circum- 
stances requisite to be considered in selecting the mate- 
rials for pottery are plasticity, contractibility, solidity, 
and compactness after diying, colour, and infusibility. 

The plasticity seems to be simply owing to the pro- 
portion of clay used, or the nature of the clay itself, 
for all clays are, owing to their mixture with other sub- 
stances, 
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stances, not equally plastic, and the foreign ingredients, 
in no case increase, but, in many cases, diminish this 
property in a very considerable degree. 

The texture, including die qualities of hardness and 
compactness, depends partly on the mixture of siliceous 
or flinty ingredients, with the clay, and partly on the 
beat employed in die burning of the pottery. The 
very pare natural clays are infusible in almost any degree 
of heat, and their hardness keeps pace with the inten- 
sity of the fire, but they have the essential defects of 
drying very slowly, of shrinking much, and of becoming 
full of cracks when dried. On these accounts it is ne- 
cessary to mix them intimately with some other earth or 
earths of different qualities ; that is, with some that will 
absorb but little water : will quickly part with it, and 
will dry compact and close. 

The colour of the earths used is also of essential im- 
portance in the finer pottery, in which the great desi- 
deratum is to find clay that, after burning, remains 
perfectly whke. The appearance, before burning, can- 
not always be depended on; for, though the whitest 
clays, after burning, are those that were white before, 
yet it is only the clay of certain districts that retain a 
perfect whiteness. Thus, we are told, that there exists, 
at the foot of a range of hills that overlook the Stafford- 
shire potteries, a stratum of white clay, which, to ap- 
pearance, is fully equal to the best Devonshire clays, 
but which cannot be employed for fine pottery, from its 
acquiring, in burning, a yellowish cream-colour, which 
no art has yet been able to correct. 

The fusibility of clays and other earths used in pot- 
tery is a subject of great importance, as it is property 
that constitutes the difference between common earthen- 
ware, as it is sometimes called, and porcelain. 

We shall now proceed to give some account of the 
mixture and combination of the earths with respect to 
potteries. 1 

None of the primitive earths, treated separately, pre- 
sent to us, as we have seen, the union of ail the quali- 
ties necessary to form a good potter’s clay ; and it h 
also to the well-contrived mixture of some of the earths 
that we are indebted for this production of the arts. 
We shall comprehend under the general title of pottery, 
all die productions of the art, from the coarsest manu- 
factory to that of the finest porcelain : the whole art 
consists in die proper mixing of two or three earths ; 
the only difference in the results proceeds from the 
choice of the earths, from the care taken in their pre- 
paration, the proportions in which they are employed, 
and from the nature of the baking and degree of heat to 
which they are subjected. There are, therefore, some 
general principles which apply to all these operations ; 
these are the principles which are necessary to be known, 
in order to adapt them to processes, which, though iso- 
lated and separated in practice, flow from the same 
laws, end should be elucidated by the same doctrine. 
We may regard alumine as the base of all the potter’s 
earths ; the property that it possesses, of dividing itself 
in water, and forming a paste susceptible of being ma- 


nipulated, turned in the lathe, ground, 8cc., in order to 
assume easily and preserve all the forms we may wish to 
give it ; the faculty which is peculiar to it, of becoming 
so hard m the fire that it will strike fire with steel ; of 
scratching glass, and of uniting, by the application of a 
violent heat, so as to assume a smooth and almost vitre- 
ous surface without fusion ; and of no longer being 
divisible or dilutable in water ; have caused alumine to 
be adopted in preference to all the other earths. But 
this earth is not free from inconveniences ; k contracts 
upon being fired, and can bear with difficulty a sudden 
transition from cold to heat. These defects are reme- 
died by mixing it with sand or siliceous earth, which 
being infusible like itself, do not sensibly contract in the 
fire, and form a kind of frame, which, by isolating, as 
it were, the argillaceous particles, admits of their being 
subjected, without inconvenience, to the alternate tran- 
sitions of heat and cold. Besides, the mixture of these 
two substances forms a kind of compound, the pro- 
perties of which may differ from those of its constituent 
principles. 

By examining more closely the principal qualities of 
baked earths, we shall perceive the reason of their 
greater or less resistance to being broken by the sudden 
change of temperature. In fact, it is known that the 
earthy substances are bad conductors of caloric $ so that 
when we apply heat to the surface, it produces its 
effects of contraction or dilatation before it is able to 
penetrate to the same degree all the mass ; it must, 
therefore, have unequal* effects, which tend to break tlie^ 
whole. This must be still more sensible when the 
earthen-ware presents a great inequality of thickness. 
But when we multiply the pores, or die small aper- 
tures, by means of sand, the fluid of heat circulates 
more freely; the mass is more equally heated, and 
nearly at the same time ; and the vessel resists alternate 
heat and cold. This property may also be given to it 
by applying the heat gradually ; the changes then take 
place slowly, and at once, over all the parts. But the 
alumine is rarely pure, it is naturally mixed with lime, 
silex, magnesia, oxydes of iron, copper, manganese, 
8tc.; and it is the nature of these mixtures, and the 
proportions among the bodies which form them, that 
give to argils a variety of modifications in their proper- 
ties. 

Among the number of these natural mixtures, there 
19 one of them which only requires the hand of the 
potter to shape it into useful utensils. For this reason, 
we see manufactories of coarse earthen-ware established 
upon the very stratum of clay which supports them ; 
but more frequently these argils require a particular 
operation, and must be mixed with other earths to 
make them of use for the purposes for which they are 
wanted. In general, it is only from well conducted ex- 
periments that we judge of the quality of an argil, and 
that we determine the nature and proportions of the 
substances most proper to add in order to make it fit for 
producing good ware. It is almost needless to observe, 
that we must not expect the same dualities for every 
6 L kind 
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kind of ware, since these qualities are relative to the 
different uses to which the ware is to be applied : thus, 
in order that an earth should be fit for making pipes 
for a dram, house-tiles, or bricks, it would be ridicu- 
lous to require that it should be able to resist great heat, 
or undergo the sudden transitions of heat and cold. In 
this case it is sufficient if the mixture acquires hardness 
enough to prevent water from softening or penetrating 
it. * 

Those wares destined to undergo a violent heat and 
sudden transitions of temperature,* such as crucibles, 
retorts, furnaces, &c., should likewise have no attrac- 
tion for the bodies which we intend to work in them. 
The ware employed in our kitchens would be of very 
limited use, if they did not uudergo, without alteration, 
a sudden change of temperature, and if they were not 
compact enough to prevent liquids from filtering through ] 
them. When we possess a pure clay, furnished with 
the requisite qualities for forming the base of a good 
earthen- ware, w k inay apply it to every purpose, by | 
well-contrived mixtures. It is necessary, therefore, to ' 
know the qualities which constitute a good clay, before 
we attend to the nature and proportions of the earths 
that we ought to mix with such as do not already pos- 
sess qualities required. 

A good clay has the following characters: — 1st. It 
divides or melts in water without any nucleus remain- 
ing. 2d. It is precipitated in this liquid, without 
leaving any thing suspended which injures its transpa- 
rency. 3d. The deposit which is formed in the water, 
dried to the consistenee of a soft paste, should have so 
much toughness and ductility, that we may easily work 
it by a lathe, or by the hands. 4th. It should neither 
lose its form nor consistence on drying in the air. $th. 
It should harden upon the application of heat, without 
cracking, without being deformed, or melted. 6th. It 
should undergo, when fired, the sudden transitions from 
heat to cold, and vice versa. A clay, possessing all 
these properties, is a natural mixture of various earths, 
for no one in particular possesses them all. 

When a slight part of oxyde of iron, lime, or plaster, 
is united with the earth we are speaking of, the earthen- 
ware made from it presents a brilliant and vitreous gloss 
and fracture, at the same time that they acquire such a 
hardness that they strike fire with steel, and break 
nearly like glass. These wares sound well, as it is 
called, add they are capable of containing corrosive 
liquids, without being penetrated or altered by them. 
They would be the best earthen-wares known, if they 
could undergo, without accident, the sudden transi- 
tions of temperature. This is what is called stone- 
ware ; it resembles much the biscuit of porcelain, from 
which they do not essentially differ, except in the grain, 
the colour, atid the semi-transparency. The most 
common argillaceous earth, which is called fat earth, 
and potter’s clay, and of which the coarser ware is 
made, is a natural mixture of alumine, silex, lime, and 
a little oxyde of iron. The silex generally predomi- 
nates • the alumine is in the proportion of about one- 


half : this is, at least, the mean result of a great many 
analyses. 

When the argillaceous earth is too rich in ahinimc, it 
is usual to mix pounded flints or sand with it, in order 
to correct the defects of too pure argil. It has been 
ascertained, that if we mix sand with clay, it is more 
advantageous to employ that which is of a m i dd l i ng 
size. Frequently, in place of sand, fired clay is used : 
this mixture is preferable for the manufacture of ern- 
cibtes and glass-house pots, which must keep alkalis in 
fusion, because these latter substances would attach the 
sand iu order to form glass. When the clay contains 
pernicious substances, from which it must be freed, rt 
is carefully examined, the ochery veius are thrown away, 
as also the pyrites, and other matters which alter its pu- 
rity. By means of water, we may afterwards free it 
from the calcareous dkrth which floats above, and from 
the sand, which is precipitated. These are nearty ail 
the general principles upon which -the art of the potte- 
ries is founded ; and, although there has been establish- 
ed in society, an enormous difference between the 
coarse earthen-ware which the common people use, 
and the porcelain with which the rich decorate their 
tables and ornament their apartments: it is not less 
true, that, in both cases, the nature, the preparation of 
the earths, and even the management of the fore, differ 
in some respects only. After having, therefore, related 
the principles which science presents to us as applicable 
to the art of the potter, it only remains to give some 
details essentially connected with each of the branches 
of the aft. 

The choice of the earths, and the proportions in 
tlieir mixture, differ according to the nature of the 
works we mean to execute ; but, when the choice and 
mixture are made, the working of the paste and tbe 
baking of the article, present a course of processes, in 
which there is no difference, except in the more or lest 
care which the artist takes’ in these different operations. 
The preparation of the earths is always confined to 
givipg them an extreme minuteness of division, by 
means of water, with which they are impregnated. 
They are disposed to this preliminary operation by re- 
ducing them into small fragments, or into powder, by 
means of mallets, of mills, or other mechanical me- 
thods. The water employed should be pure, particu- 
larly wh?n delicate pieces of ware are to be made ; for 
this reason, in some manufactories of porcelain, rain- 
water only is used. The earths are allowed to soak, or 
rot, as it is termed, for a longer or shorter period, ac- 
cording to the nature of the earth, and that of the work 
we wish to produce. . The longer the earth is in the pit 
to soak, the better it is prepared. Not only are the 
bituminous or vegetable principles, which exist in some 
earths, destroyed, but any sulphuric salts they may con- 
tain, are decomposed ; and it almost always happens, 
that, after some time, sulphuretted hydrogen gas is 
liberated. By their being allowed to remain 9ome time 
in the pit, the earths acquire more tenacity and tough- 
ness, so that they can be wrought more easily. On 


Digitized by 


Goog e 



POTTERY. 


499 


th» account, in some celebrated manufactories in Geir- 
many, they soak the earth at two seasons in the year 
only, and the time of the equinoxes is chosen, because 
it is generally thought that rain-water is more strongly 
charged with fermentescible principles at these two 

'When the earths are prepared for delicate and pre- 
cious works, such as porcelain or china, care must be 
taken to remove every thing which might alter the 
paste, ahd not to use any tools which might mix any 
prejudicial substance with it. The earth is purified by 
a very simple process: for this purpose, after having 
bruised it and diluted it in rain-water, it is put into a 
cylindrical cask three or four feet high ; this cask has 
stop-cocka placed in its side, the one above, the other at 
the distance of about six inches, so that the lowest one 
is about two or three inches from the bottom. This 
cask is filled with diluted clay ; the liquid paste is care- 
fully stirred, and after settling for a few seconds, in 
order to allow the sand to precipitate, the upper stop- 
cock is turned in order to draw off all that is above it; 
die second is then opened, the third, and so on, until 
the whole of the liquid which holds the earth suspended 
in it is drawn off. .The decanted liquor is put into ves- 
sels of baked clay ; the day suspended in it is allowed 
to precipitate ; the water is decanted and the clay is 
collected, which is dried in the shade and out of the 
reach of dust. This clay, mixed in just proportions 
with calcined silerf, pounded and ground, sometimes 
with brqised fragments of old earthen-ware, with baked 
and sifted gypsum and other substances, forms the com- 
position of porcelain; and this composition is sifted 
several times through hair-sieves. The mixture is af- 
terwards moistened with rain-water in order to form a 
paste, which is put into covered casks. This paste is 
called by the workmen the mass. A fermentation soon 
takes place, which changes its smell, colour and con- 
sistence. Sulphuretted hydrogen gas is formed; its 
colour passes from white to deep grey ; and the matter 
is tougher and softer. The older this mass is the 
better it succeeds. It must be carefully moistened from 
time to time to prevent it from drying. The prepara- 
tions of the mixture, and the art of rightly managing the 
mass are secrets in , almost all manufactories. It is 
needless to repeat that the care taken in the preparation 
of the earths varies according to the work intended to 
be executed. In the potteries of coarse earthenware, 
the earth is put to soak in pits dug under the open air, 
and tliey are moistened with any kind of water. When 
it is wanted afterwards, the quantity is extracted from 
the pit which the occasion requires. 

The second operation is to give the paste the form 
we wish, and this is done in three ways: 1st. by the 
labour of the hands ; 2d. by means of moulds ; 3d. by 
means of the lathe. The choice of one or other of 
these methods is not in the power of the artist; the na- 
ture of the works, their size and form, must determine 
the employment of this or that method. In every case 
where the paste is well prepared for working, a new 


. perfection is given to it, by mixing it and kneading it 
with the hands, and even by beating it upon tables with 
large round pieces of wood : this is what is called dress- 
ing the earth. By these mechanical operations the 
earth is well divided, well mixed, and of' an equal con- 
sistence. 

It should be observed, that an intimate mixtnre of 
the ingredients used in pottery is of great importance to 
the beauty, compactness, and soundness of the ware. 
Formerly the wet clay and ground flint, or whatever 
else was employed, were bent together with long con- 
tinued manual labour; but this expensive method has 
now been laid aside in the larger potteries, and they 
substitute for it another plan, which is that of bringing 
each material first to an impalpable powder, and diffu- 
sing them separately in as much water as will bring 
them to the consistence of thick cream, and when thor 

I roughly mixed, the superfluous water is evaporated till 
j the mass is brought to a proper consistence. In the 

potteries of Staffordshire the materials are a fine clay 
brought chiefly from Devonshire, and a siliceous stone 
i named cAer, or common flint reduced to powder by 
heating it red-hot, quenching it in water and then grind- 
ing it in mills. Each material is passed through very 
fine brass sieves, then diffused in water, and brought to 
a plastic state. 

The works which are made with the hand are, 1st. 

I I all sculptures, which are afterwards baked in order to 
! give them the convenient hardness; busts and other 
I ornaments are of this description. 2nd. Good glass- 
house pots, for by this means the earth is better dressed 
than it can be by the 'lathe. The works done in the 
mould are tiles, bricks, 8cc. The mould, of wood or 
iron, is of the form proposed to be given to the piece : 
it is open at the two faces, so that it is, properly speak- 
ing, merely a frame for the purpose of giving equal 
dimensions to the various works we are doing. This 
frame is used on a table covered with a little sand or 
ashes, to prevent the adhesion of the paste : the frame 
is then filled with prepared clay; by the help of a cut- 
ting instrument,, which we apply with both hands over 
the top of the mould, the excess of clay is taken off. 

Almost all vessels of a cylindrical form, or which are 
hollow, are wrought with the lathe. The wheel and 
lathe are the chief and almost the only instruments made 
use of : the first for large works and the last for small. 
The potter's wheel consists principally in the nut, which 
is a beam or axis, whose foot or pivot plays perpendi- 
cularly on a free-stone sole or bottom. From the four 
comers of this beam, which does not exceed two feet 
in height, arise four iron bars called the spokes of the 
wheel ; which, forming diagonal lines with the beam, 
descend, and are fastened at bottom to the edges of a 
strong wooden circle four feet in diameter, perfectly 
like the fellies of a coach-wheel, except that it ha9 
neither axis nor radii, and is only joined to the beam 
which serves it as an axis by the iron bars. The top of 
the nut is flat, of a circular figu re, and a foot in dia* 
xpeter; and on this is laid the clay whicb is to be 

turned 
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turned au^ fashioned. The wheel thus disposed is en- 
compassed ^ith four sides of four different pieces of 
wood fastened on a wooden frame ; the hind piece, which 
is that on which the workman sits, is made a little in- 
clining towards the wheel ; on the fore-piece is placed 
the prepared earth ; on the side-piece he rests his feet, 
fnd these are made inclining, to give him more or less 
foam* Having prepared the earth, the potter lays a 
round piece of it on the circular head of the nut, and 
fitting dqwp, turns the wheel with his feet till it has got 
the proper velocity ; then, wetting his hands with water, 
be, presses his fist or his fingers-ends into the middle of 
the lump, and thus fprms the cavity of the vessel, con- 
tinuing jto widen it from the middle ; and thus turning 
the inside, into form with one band while he proportions 
the outside with the other, the wheel constantly turning 
all the while, and he wetting bis bahds from time to 
time. When the vessel is too thick, he uses a flat 
piece of irou, somewhat sharp on the edge, to pare off 
what is redundant ; and when finished it is taken off 
from the circular head by a wire passed Underneath the 
vessel. . •. 

The potter’s lathe is also a kind of wheel, but more 
simple and slight then, the former : its three chief mem* 
bers are an iron beam or axis three feet and a* half 
high and two feet and a half diameter, placed horizon* 
tally at the top of the beam, and serving to form the 
vessel upon : and another large wooden wheel, all of a 
piece, three inches thick and two or three feet broad* 
fastened to the same beam at the bottom and parallel 
to the horizon. The beam or axis turns by a pivot at 
the bottom in an iron stand. The workman gives the 
motion to the lathe with his feet, by pushing the great 
wheel alternately with each foot, still giving it a greater 
or lesser degree of motion as his work requires. They 
work with the lathe with the same instruments and after 
the same manner as with the wheel. The mouldings 
are formed by holding a piece of wood or iron, cut in 
the form of die moulding, to the vessel while the wheel 
is turning round, but the feet and handles are made by 
themselves and set on with the hand; and if there be 
any sculpture in the work, it is usually done in wooden 
moulds, and stuck on piece by piece on the outside of 
the vessel. 

Handles, spouts, See. are afterwards fixed on to the 
moulded piece if required: and it is then set to dry 
for some days in a warm room, where it becomes so 
hard as to bear handling without altering its shape. 
When dry enough it is enclosed along with many others 
in baked clay cases of the shape of bandboxes, called 
seggars, which are made of the coarse days of the 
country. These are next ranged in the kiln or furnace 
so as to fill it, except a space in the middle for die fuel. 
Here the ware is baked till it has remained fuUy red 
hot for a considerable time, which in the larger kilns 
consumes ten or fifteen tons of coals : after which the 
fire is allowed to go out, and when all is cooled the 
seggars are taken out and their contents unpacked. 

The ware is now in a state of biscuit, perfectly void 


of gloss, and resembling a clean cgfshc H. In order to 
glaze it, which is the next process, the biscuit ware is 
dipped in a tub containing a mixture of about sixty 
parts of litharge, ten of clay, and twenty of ground 
flint, diffused in water to a creamy consistence, and 
when taken out enough adheres to the piece to gwe an 
uniform glazing when again heated; for which purpose 
the pieces are repacked up in the seggars, with small bits 
of pottery interposed between each and fixed in the 
kilo as before. The glazing mixture fuses at a very 
moderate heat, and gives an uniform glossy coating, 
which finishes the process for common white ware; 
though the painting aad gilding require subsequent 
attention. 

The process as described by M. Chapta), to whose 
“ Chemistry, as applied to the Arts,” ware indebted 
for a part of this article, is somewhat different. The 
workman, he says, begins by raoistetriagtbe paste and 
kneading it with the hands to give it the requisite soft- 
ness. The workman afterwards takes the quantity he 
thinks necessary for his work. He sticks this piece 
of paste upon the middle of the horizontal wheel, 
to which be gives a rotatory motion, by pushing 
with his foot the lower wheel, parallel to and 
fixed on the same axis; and with his hands, which 
he applies forcibly to the paste, he shapes his work 
which* he finishes by wooden tools applied to the sides 
of it while moving rapidly rounds in consequence of the 
motion giveb to the wheel, sothat the action of these* 
mechhnical agents is equal over all the points of the cir- 
cumf&dnae'; the workman then successively employs 
his bands and tools, .until has work is finished. When 
it is wished to give m work tUe dnost perfect finishing 
possible, it is again carried loathe lathe, when it has 
been dried a little, in order >to rattler its forms more 
delicate and finished by means of various steel instru- 
ments well sharpened. Sometimes several of these pro- 
cesses are united in the execution of a single piece of 
workmanship. For instance, after having roughly 
given the principal forms the workman soaks the piece 
in water, and places it in a plaster mould; afterwards, 
by means of a wet sponge, with which he presses all 
the points of the surface, be fits his piece of ware to 
every part of the mould, and makes it assume the exact 
shape. The moulded figures are then withdrawn in 
order to dry them. The labour of the potter who 
makes figures is not so tedious, but it requires more 
address. The modeller, as well as the turner, has 
plaster moulds in which he casts the paste, and having 
left it some time in them in order to give it consistence, 
he extracts from it the moulded figures. But these 
figures very rarely come out whole, being moulded in 
pieces which are afterwards cemented together. They 
are then finished off with ivory tools, a pencil, and a 
sponge, after which they are dried. 

A third operation, common to all potters, is baking, 
or firing:* the construction of the furnaces varies ac- 
cording to the nature of the potteries ; in general, they 
are round er square tower?, the interiors of which pre- 
, sent 
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Bent two very distinct parts, separated by an arch 
pierced with several holes winch give a passage to the 
flame. We may employ, almost indiscriminately, all 
kinds of combustibles in the firing of coarse earthen- 
ware ; but, in general, that which gives moat fiame is 
preferred ; and when we bake porcelain, we make use of 
very dry white wood alone, cut into small billets of an 
uniform size. The baking of porcelain and fine earthen- 
wares demands particular attention : we are obliged to 
enclose every separate piece in a case or frame, formed 
of a very porous taste, and which resists the action of 
heat; by this means we prevent the pieces baked from 
running or adhering to each other ; and we also psevent 
any alteration which the smoke might produce in their 
colour. The firing of porcelain generally lasts from 
36 to 48 hours. We judge of the state of the baking 
by proof-pieces, as tiiey are called, placed in conve- 
nient situations, and which we can draw out and examine 
from time to time. It often happens, that the pieces 
of porcelain adhere to the sand which has been spread 
upon the bottom of their case or frame, in order to 
prevent immediate contact: the piece thus soiled, is 
applied to an iron wheel, upon which is placed emery 
bruised in water, and the half vitrified sand is thus 
completely removed. This is the reason why the bot- 
toms of porcelain vessels are never covered with varnish 
on die place winch rests upon the sand. 

Of aJl the beautiful specimens of European porcelain 
which have been made in imitation of the oriental, it 
does not appear that any of them entirely unite the ex- 
cellencies attaching to that manufactured in China and 
Japan. Earthy combinations hare been made equally 
strong and infusible, and as truly poroehunous, er a 
substance of a perfect middle nature between pottery 
and glass, when burnt, but they have not quite rivalled 
die beet Japanese, in delicate whiteness ana lurtne. To 
obtain these qualities, which have always been esteemed 
die most essential, that of infusibility has been fre- 
quently sacrificed : hence those that make a near ap- 
proach to the oriental in beauty and delicate histm, of 
which many manufactures in different parts of Europe 
have afforded capital examples, are frequently found to 
soften and melt down in an intense wind-furnace, at 
w hich the true Nankin or Japan china undergo no change 
whatever. Of British porcelain the curious will witness 
die finest specimens at the manufactory, at Derby. 

There are some earthen-wares, which, after one 
baking, attain all the perfection they require : such as 
furnaces, crucibles, earths made into brioka, 8cc. But 
those productions of the pottery, intended to bold 
liquids, would be porous and ill suited to the cod for 
which they are destined, if they were employed after 
a first firing. It is usual to cover the surface with a 
vitreous coating, which does not admit of water pene- 
trating: it is this vitreous coating which is called var- 
nish or glaring, in speaking of coarse er brown earthen- 
ware ; enamel, in speaking of the white earthen-ware ; 
covering, when the finest productions of the potteries, 
porcelain or china, are mentioned. The varnish of the 


coarse earthen-ware is made of lead : for this purpose 
the osydes of lead are employed, such as minium er 
lithaiga, or rather the sulphuret of lead, which minera- 
logists call galena, and which is known m the language 
of commerce, and of the potteries, by the nameof 
potters’ ore. Whatever is the nature of the substance 
which forma the varnish, it is not employed until it js 
so well pounded that it remains some time suspended 
in water ; and it is applied to the surface of the earthen- 
wares previously well dried, or by soaking them in 
water charged with it, when we wish to cover every 
part of their surface with varnish, or by throwing the 
same water upon such parts as we may wish to varnish 
separately and distinctly from the rest. 

In the greatest number of establishments of the com- 
mon kind of potteiy in Paris, they begin by drying in 
the shade the pieces they wish to varnish; and when 
they have acquired the necessary degree of consistence, 
they are plunged into water which holds suspended in 
it a fat earth minufejy divided, and previously passed 
through a silk sieve ; the pieces ere then hastily drawn * 
out, covered by this operation by a slight coat of this 
earth. The colour of these earths forms the ground 
of the colour of the ware ; and when a green colour 
is wanted, a little copper filings are added. Upon thijs 
coat of fat earth, a little dried, we may apply the sul- 
pburet of lead, by projecting water cbaiged with this 
mineral upon the ware : but it is almost every where 
mixed with equal parts of sand ; the mixture of these 
two substances is pouuded, so as to render it impalpa- 
ble; it is soaked in water, and the piece of ware is 
covered with ft where we wish to lay on the varnish* 

It is eaqy to aee, that by this method we may vary and 
shade at pleasure the colour of the ware: it is quly 
requisite to apply separately, upon the different parfe 
of the surface, the fat, yellow, white, or red earths, 
and minted or not with copper-filings. Some pottexjf 
do not apply the varnish until the ware has qndeqjone 
ope firing ; in this case they employ less varnish, as 
they only apply it to those pieces winch have resisted 
the action of the fire ; but the second firing which be- 
comes necessary, requires moi;e workmanship, consumes 
much more combustibles ; and it is for the artist to 
calculate the advantages and disadvantages of these two 
methods. A black and vitreous colour may he givep 
to earthen-ware, by throwing into the fire at the time 
of its greatest heat, some coal in powder or dust ; the 
draught of the fire is consequently checked, so that it 
is filled with a thick smoke, which is deposited upon 
the ware, and forms a coat, which is vitrified as soon 
as the current of air re-kindles tye fire. On throwing 
common sea-salt upon a well-heated fife, the salt is 
volatilised, and attaches itself in part to the softened 
surfaces of tbe earthen-ware, where it produces a com- 
mencement of vitrification. These two last methods 
are only applicable when the fire is very strong, and 
where the ware can undergo a sudden heat without dying 
or melting. It would fie impossible to practice it how- 
ever in our common potters’ furnaces. 

6 M M. Chaptal 


i 


Digitized by t^ooQle 



502 


POTTERY. 


M. Chaptal endeavoured for a long time to find a 
substitute for the sulphuret of lead, by a varnish which 
should unite the same advantages, aud be at the same 
time more economical. He first tried pounded glass ; 
and obtained very satisfactory results from it. “ I begin,” 
he says, “ first, by pounding with great care pieces of 
clear broken glass, and when I have reduced them to 
a very fine powder, I sprinkle with this powder the 
surface of the earthen-ware, covered with a weak coat 
of fat clay, according to the process above described. 
We may also mix this glass-powder with fat clay, dilute 
the whole in water, and plunge into it the dried pieces : 
this second process succeeds extremely well. This var- 
nish covers well, it is not dangerous to use it, it is very 
economical, and does not require so much heat as the 
former. Since the year 1782, when I made it known, 
and executed it on a large scale, it has received some 
useful improvements in the potteries of Normandy, 
Languedoc, and Venaissin. 1 have also employed with 
success, volcanic products, which I treated in the same 
manner with the other varnishes. I transmitted in 
1785, to the Comptroller-general of the Finances, a 
considerable number of bottles made of lava, and 
pieces of earthen-ware varnished with lava, that he 
might submit them to experiments, and have their qua- 
lity ascertained : the results of these experiments were 
very favourable. M. Fourmy derived great advantage 
from this, by applying it to the manufacture of water- 
coolers, which he established at Paris.” The enamel 
with which the earthen-ware called Delft, is covered, 
is merely glass, rendered opaque by the interposition 
of the oxyde of tin, which requires, in order to pass 
to vitrification, a greater degree of heat than die other 
substances which are mixed with it. Every artist has 
his own recipe and process for making his enamel, but 
all of them take lead and tin as their base,* which they 
oxydate and mix in various proportions, with well-burnt , 
sand. The composition which furnished Chaptal with 
the finest enamel was the following r he calcines with 
great care, equal parts of lead and tin : when the two 
metals pass to the state of oxyde, and present a fine 
powder only, they are carefully pounded and passed 
through the sieve : this powder is then boiled, and water 
is thrown upon it: after the deposit is formed, a fresh 
quantity of water is poured upon the deposit, in order 
to dilute it ; he then decants die water, which holds in 
suspension the most minutely divided parts, and allows 
it to settle. The residue is pounded, sifted, and treated 
with water in the same manner; and by repeating this 
course of operations several times, the whole is brought < 
to the same degree of fineness and tenuity : this pow- 
der is afterwards dried, in order to use it as occasion j 
requires. On the other hand, he calcines very white | 
flints, free from all foreign matter, and purifies them t 
from the salt of tartar, so that there is only a carbonate < 
of potash. These three substances being thus pre- t 
pared, he weighs 100 parts of mixed oxydes of lead 1 
and tin, 100 parts of calcined flint, aud 200 parts of \ 
earbouatc of potash : all these are to be well mixed, < 


and melted in a crucible. Merret has suggested the 
substitution of white oxyde of antimony for the oxyde 
of tin. Dauet also observed, that a fine enamel was 
obtained by melting white clay with gypsum. But 
these processes are not yet sufficiently confirmed by ex- 
periments, to entitle them to be adopted in the manu- 
factories. The enamel of delft-ware, may be coloured 
by adding various metallic oxydes to the composition. 
The following are receipts given by M. Chaptal for 
the composition of the coloured enamels : — 

1st. Azure blue . Three ounces of zaffre, and GO 
grains of calcined copper, added to six pounds of the 
enamel composition. 

2nd. Turkish blue . Six pounds of white enamel, 
three ounces of oxydated copper, 98 grains of zaffre, 
48 grains of manganese. 

3rd. Green. Six pounds of white enamel, three 
ounces of oxydated copper, 60 grains of iron-filings. 

4th. Shining black , or deep blue. Six pounds of 
white enamel, three ounces of zaffre, three ounces of 
manganese. 

5th. Very brilliant black. Six pounds of w hite ena- 
mel, six ounces of red tartar, and three ounces of 
mauganese. 

6th. Purple. Six pounds of white enamel, three 
ounces of manganese. 

7th. Yellow. Six pounds of white enamel, three 
ounces of tartar, 72 grains of manganese. 

8th. Sea-green. Six pounds of white enamel, three 
ounces of oxyde of copper, 60 grains of zaffre. 

9th. Violet. Six pounds of white enamel, two ounces 
of manganese, 48 grains of oxyde of copper. 

Whatever be the nature of the enamel, when we 
I wish to apply it, it must be pounded and diluted in 
water, and we mast throw this water which holds it in 
suspension, upon the vessels which have been already 
fired once ; the water is absorbed into the texture of the 
ware, and the enamel powder remains on the surface. 
A second firing, stronger than the first, must be given 
to the ware, in order to melt the enamel. As it is 
material to preserve its fine white colour to the delft- 
ware, it must be fired in cases, in the same manner 
as porcelain. The earthen-ware of Mr. Wedgwood, 
having acquired great celebrity wherever it is known, 
under the appellation of English ware, or Wedgwood’s 
ware, we shall describe the principal compositions 
which form the colours of this ware. 

First Process, or Preparation of, the Ingredients . — 
1. A white earth from Ayofee, in North America: 
calcine this in a red-beat about, half an hour. 2. 
Bronze-powder. Dissolve one ounce of pure gold in 
aqua regia ; precipitate it with copper ; then wash the 
precipitate with hot water till it is sweet, or clean from 
the acid ; dry it, and Jay it up for use. 3. Take two 
ounces of crude antimony, levigated, two ouuces of 
tin ashes, and six ounces of white-lead ; mix them well 
together, and cakine them in a potter’s furnace along 
with glass cream-coloured ware. 4. Take eight ounces 
of good smalt, one ounce of roasted borax, four 
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ounces of red-lead, and one ounce of nitre ; mix the 
ingredients well together, and fire them i ri a crucible, 
in a potter’s biscuit-oven. 5. Take English copperas, 
or vitriol of iron, calcine it. in a moderate red-heat 
about two hours, then wash it in hot water till it is 
sweet; diy it and lay it up for use. 6. White-lead. 
7. Flint, calcined and ground. 8. Manganese. 9* 
Zaffire. 10. Copper, calcined to blackness. 

Second Process, or compounding and mixing the 
Colours. 

Shining Black , A. — Three ounces of No. 8, above, 
three ounces of No. 9, three ounces of No. 10, eleven 
ounces of No. 6, and six ounces of the green, F, be- 
low. 

Red, B. — Two ounces of No. 1, two ounces of 
No. S, one ounce of No. 5, and three ounces of 
No. 6. 

Orange , G — Two ounces of No. 1, fourteen ounces 
of No. 3, half an ounce of No. 5, and four ounces of 
No. 6. 

Dry Black, D. — One ounce of No. 4, and two 
ounces of No. 8. 

White, E.— Two ounces of No. 1, and two ounces 
of No. 6. 

Green, F. — One ounce of No. 1, two ounces of 
No. 3, and five ounces of No. 4. 

Blue, G. — One ounce of No. 1, and five ounces of 
No. 4. ' - 

Yellow, H. — No. 3, alone. 

* Third Process, or Application of the Encaustic 
Bronze and Colours. — Application of the Bronze, I. 
— When the vessels are finished ready for burning, and 
before they are quite dry, grind some of the powder, 
No. 2, in oil of turpentine, and apply it to the vessels, 
or figures, with a sponge or pencil, to imitate bronze, 
in such a manner as your fancy directs ; polish this pow- 
der upon the vessel or figure, ana burn it, in such a 
furnace, and such a degree of heat, as is necessary for the 
ware ; after it is burnt, burnish the bronze upon the vessel 
to what degree you please, and the process is finished. 

Another Method of applying the Bronze after the 
Ware is fired Biscuit, as some Figures or Vessels may 
he too delicate to bear the Process I. K. — Take four 
ounces of No. 6, and one ounce of No. 7, grind them 
well together; spread this very thin, with a sponge or 
pencil, . over the ware to he bronzed, and fire it till this 
layer of size is fluxed, which may be done in a potter’s 
furnace ; then take the powder, No. 2, and apply it to 
the vessel, as before directed; then burn the ware over 
again, till the powder adheres to the size: burnish, &c., 
as before. 

Application of the Shifting Black upon Red Vessels, 
in the Manner of the Antique Etruscan Vases, L. — 
Take the colour, A, grind it very fine with oil of turr 
pen tme, and with it trace tiie outlines of the design you 
intend to have upon the vessel ; then fill up the vacant 
spaces very even, and shade the drapery,. Sec. Fire the 
vessels in a heat sufficient to flux the black, and they 
are finished. 


Another Method to produce a different Effect with 
the same Colour, in the Manner of the Etruscans, M. 
— Paint the design with the black laid on as dead co- 
louring, upon the red biscuit-ware, and cut up or finish 
the design with red and other colours ; for which purpose 
the above-mentioned ones are prepared ; they must also 
be ground in oil of turpentine, and burnt upon the 
vessels in a muffle, .or enamel-kiln. 

Another Method to produce, in a more expeditious 
Way, nearly the Effect of the Process L, N. — Take 
the red, B, or the orange, C, and lay in your design 
with it, as a dead colour, upon black biscuit vessels ; 
and shade it with the black, X>, with or without the ad* 
dition of any of the other colours; firing them upon 
the vessels as before directed. The covering of porce- 
lain is a vitreous and transparent matter, which must be 
applied exactly over all the points of the surface, and 
incorporated with the paste, without cracking or flying. 

Count Milly, who, in his work upon porcelain, has 
made us acquainted with three compositions for the co- 
vering, makes them consist of the same materials, vary- 
ing the proportions only. 

First Second Third 

Compos. Compos. Compos. 

Veiy white quarts . 8 parts 17 parts 11 parts 

White enamel ... 15 16 18 

Calcined crystals of $ g 7 _ 

gypsum . . S • 

Pure and colourless substances alone must be used 
for the covering. Feldspar is also made use of. What- 
ever be the composition, we must grind, with the 
greatest care, the substances which enter into it ; their 
powder must be diluted in water, and a paste formed 
with it, which must be macerated in water like the mass 
of the porcelain. When we use it, it must be dihited 
in water, so as to give it a tolerable liquidity ; and We 
must plunge in this liquid the porcelain which has 
already undergone the first firing. Figures, and gene- 
rally all porcelain articles which are neither to be 
painted nor exposed to water, have no occasion for any 
covering; they are then sold in the state of biscuit. 
When die biscuit has received its covering, it constitutes 
white porcelain ; and in this state it may be applied to 
every purpose. Hitherto we have only considered 
earthen- ware in respect to its utility ; but art lias so 
perfected this valuable branch of our industiy, that we 
have succeeded in executing, in earthen-ware, the most 
complicated designs,' with astonishing elegance and pre- 
cision. w There is no one,” says M. Chaptal, “ who 
does not admire the beauty of form, the correctness of 
design, and brilliancy of colouring, in the porcelains of 
Sevres, and those of- Messrs. Dilk and Guerrard” 
Among these prodigies of French industry, some parts 
of them belong to the art of design, and some to che- 
mistry; with the latter branch, in particular, we are 
now occupied. The application of colours upon por- 
celain presents to us some very interesting points of 
view : on the one hand, the nature and ohoice of the 
colours ; on the other, the art of appfyiug and incor- 
porating them. The colours are all derived from the 
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metallic ofcydes ; these alone Tetain sufficient fixity to 
prevent the fire from destroying them. Nay, die me- 
tallic colours* although dull, in general, when applied, 
acquire lustre when they are subjected to the action of 
die fire. The colours are incorporated with a flux, 
which varies in the different manufactories. The fol- 
lowing composition is generally adopted: — 

Drachfes. Ortho. 

Glass, in powder, free from lead, 4 . 0 

Calcined borax, S . 12 

Purified nitre, 4 . €4 

These substances are carefully mixed and divided, 
and then vitrified » acrucible. This glass is afterwards 
ground, and incorporated with the colour. Gum, or 
oil of lavender, is used as a vehicle, when we wish to 
lay it on the biscuit. For this purpose, a pencil is 


used, aud all the methods known in painting. Oijde 
of gold, called precipitate of Cassius, makes purple 
colour. Gold, precipitated by tin and silver, produces 
violet colour. Copper, precipitated from its solutions 
in the acids by the alkalis, famishes us with a fine green. 
The saffron of Mars and cokhotar produce the teds. 
Zaffire makes blue* Diaphoretic antimony, mixed with 
glass of lead, forms the yellow. The browns and 
blacks are made with iron-filings and strong doses of 
zaffire. The oxyde of chrome forms a fine green. M. 
Brongniart, director-general of the porcelain manufac- 
tory at Sevres, has already attained several very im- 
portant improvements in tins branch of industry ; and 
the manufacture of porcelain may expect great progress 
from the zeal aud intelligence of this experienced na- 
turalist. 


PRINTING. 


Much has been written on the history of this art; | 
as, however, our limits do not allow us to enter at large 
on the 8uWecUwe shall briefly extract a paragraph or 
two from Dr. Thomson's excellent History of the Royal 
Society, to which we gladly refer our readers for a 
great deal of valuable information, and many curious 
and valuable articles on almost all kinds of scientific 
subjects. 

Printing was discovered at Haarlem, in Holland, by 
Coster, and the first book was printed in the year 1430. 
It was a Dutch piece of theology, printed only on one 
side of the page, and in imitation of manuscript. The 
first attempts at printing were upon loose leaves, and 
the printed part was accompanied with cuts, somewhat 
in the manner of our present ballads. Coster’s method | 
was to cut out the letters upon a wooden block. He j 
took for an apprentice John Fust, or Faustua, and 
bound him to secrecy. But Fust ran away with his 
master’s materials, and set up for himself at Mentz, 
He had a-servaut called Peter Schoeffer, who first in- 
vented separate metal types. Fust, upon seeing them was 
So delighted, that he gave him, Schoeffer, his daughter 
in marriage, and made 'him his partner. s The first book 
they printed is said to have been Cicero de Qfficiis, 
which hears the date of 1405. But other books are 
mentioned with earlier dates, 1467, .1442. They 
printed a number of Bibles, in imitation of manu-t 
script, and Fust carried them to Paris for sale. The 
Parisians, upon comparing together the different cch 
pies, were confounded at the exact similarity they bore 


to each other in every part, a similarity bo great, that 
the most exact copyist cooM not have attained k. They 
accused Fust of being possessed of some diabolical art. 
This at onoe obliged him to discover die secret; and 
gave origin to the story of Dr. Feuaflus. 

After the disoovery of the art of p rin ti ng , thus 
brought about at Puns, it quickly made its way ever 
the whole of Europe. The first book printed in Eng- 
land is said to have been Rufinas on die Creed : printed 
at Oxford, in 1408. 

At first, the impression was taken off with a list, 
coked up, as the card-makers use at this day. But 
when they came to ase single types, they employed 
stronger paper, with vellum and parchment. At last, 
the press was introduced, and brought gradually to its 
present state. The same observation applies to die ink. 
At first, the common writing-ink was employed, and 
the printing-ink, of lamp-black and oil, at present used, 
was introduced by degrees. Rolling-press printing was 
not used in England jtill the time ;Of King James the 
First ; and then it was brought from Antwerp by the 
industrious John Speed. . 

The workmen employed in this art are compositors 
and pressmen. The first are those whose business it is 
to range and dispose the letters iuto words, lines, pages, 
flee. The pressmen are those who, properly speaking, 
are the printers, as they take off the impressions from 
the letters after they are prepared for that purpose by 
the compositors. The types being provided for the 
compositor, he distributes each kind by itself into small 
' cells 
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cells or boxes made in two wooden frames called cases ; 
tbe upper-case and the lower-case. The cells in the 
upper-case are ninety-eight in number: those of the 
lower-case are fifty-four. 

The upper-case contains two alphabets of capitals, 
large and small capitals. They also contain cells for 
the figures, the accented letters, the characters used in 
references to notes, &c. ; and one cell, the middle one 
in tbe bottom row, for the small letter k. The capitals 
in this case are disposed alphabetically. 

The lower-case is appropriated to tbe small letters, 
the double letters, the points, parentheses, spaces, and 
quadrats. The boxes of the lower-case are of different 
sizes*, the largest being for the letters most in use : but the 
arrangement is not, in this instance, alphabetical, the 
letters oftenest wanted being placed Clearest to the 
compositor’s hand. As there is no guide on the out- 
side of the boxes to denote the letters" which they 
respectively contain, it is curiou& to observe the dex- 
terity manifested by tbe compositor in taking up the 
letters as he wants them from the different cells. 
Each case is placed in an inclined direction, that 
the compositor may reach the upper-case without any 
difficulty. 

The instrument in which the letters are set is called 
a composing-stick ; it consists of a long plate of brass 
or iron, on the side of which arises a ledge that runs 
the whole length of the plate, and serves to support the 
letters, the sides of which are to rest against it. Along 
this ledge is a row of holes for a screw intended to 
lengthen or shorten the line, by moving the sliders 
farther from or nearer to the shorter ledge at the 
end of the composing-stick. Where marginal notes 
are required, the sliding pieces are opened to a proper 
distance from each other. Before the compositor be- 
gins his work he puts a thin slip of brass plate, called a 
rule, cut to the length of the line, and of tbe same 
height as the letter in the composing-stick parallel with 
the ledge, against which the letters are intended to rest 
Being thus furnished with an instrument suited to hold 
the letters as they are arranged into words, lines, &c., he 
places his copy on the upper-case before him, and hold- 
ing tbe stick in his left hand, his thumb being over the 
slider, with the right he takes up the letters, spaces, 
Sic. one by one, and places them against the rule, 
while he supports them w ith his left thumb, by press- 
ing them against the slider, the other hand being con- 
stantly employed in setting in other letters. Having 
composed a line, he takes the brass rule from behind it, 
and places it before tbe letters of which it is composed, 
and proceeds to compose another line in the same 
way. But before he removes the brass rule he no- 
tices whether the line ends with a complete word, or 
with au entire syllable of a word, including the hyphen. 
If he finds that his words exactly fill the measure, he has 
nothin" more to do with that line but proceeds with the 
next ; but if he finds the measure not entirely filled at 
the ending of a word or syllable, he puts in more 
spaces, increasing the distances between the words 


until the measure is full ; and this operation, which is 
called justifying, is done in order that all the lines in 
the composing-stick may be of equal length. Much 
depends upon exactness in justifying, and great care is 
j taken by compositors that the lines are neither too 
closely wedged into the composing-stick, nor yet at all 
i loose and uneven. The spaces are pieces of metal, 
j of various thicknesses, exactly shaped like the shanks of 
j the letters. They are used to regulate the distances 
between the words. 

When the composing-stick has been filled with lines, 
being about ten or twelve, the compositor empties it on 
to a thin board called a galley, of an oblong shape with 
a ledge on two sides and a groove, to admit a false bot- 
tom. When the compositor has filled and emptied his 
stick he ties it up with a piece of pack-thread, and re- 
moves it from the galley either to the imposing stone or 
some other safe and convenient place. In this manner 
he proceeds until he has composed as many pages as 
are required to make a sheet, or, in some instances, a 
half-sheet. He then proceeds to arrange the pages on 
the imposing stone, which is a large oblong stone 
of five or six inches in thickness. The pages are to 
be so arranged that, w hen they are printed they may 
be folded to follow regularly. Great care is requisite 
in the imposing of a sheet or half-sheet, particularly of 
works in sizes less than folio or quarto. 

Having laid down or disposed the pages in right 
order on the imposing-stone, the compositor proceeds 
to what is called dressing the chases. The chase is a 
rectangular iron frame of different dimensions, accord- 
ing to the size of the paper to be printed ; having two 
cross pieces of the same metal, called a long and short 
cross, mortised at each end so that they may be taken 
out occasionally. By the different situations of these 
crosses the chase is fitted for different sized volumes, 
as folios, quartos, octavos, &c. To dress the chase, 
a set of furniture is necessary, consisting of small slips 
of wood of different dimensions. The first thing to 
be done, is to lay the chase over the pages ; after this, 
that part of the furniture, called gutter-sticks, is placed 
between the respective pages. Then another part of 
the furniture, called reglets, is placed along the sides 
of the crosses of the chase. The reglets are of such 
a thickness as will give the book proper margin after 
it is bound.' Having dressed the inside of the pages, 
the compositor proceeds to do the same with their out-' 
sides, by putting side-sticks and foot-sticks to them. 
Thus the pages being placed at proper distances,, they 
are all untied, and fastened together by wooden wedges, 
called quoins. These wedges, being firmly driven up 
! the sides and feet of tbe pages, by means of a mallet, 
j and a piece of hard wood called a shooting-stick, aU 
the letters are fastened together. The work in this 
condition is called a form, and is ready for the press- 
man, who lays it upon the press, for the purpose of 
pulling a proof. When this is done, the form or forms 
are rubbed over with a brush, dipped in lye, made of 
pearl-ash and water ; they are then carefully taken off 
6 N the 


Digitized by t^ooQle 



506 


PRINTING. 


tbe press, and the proof and forma delivered to die 
compositor’s further care. 

Ab it is impossible for the most careful compositor 
so to compose his sheets as that they shall not re- 
quire to be carefully read and corrected before they 
are worked off, the next thing to be done is to put the 
proof, with the copy from which it has been composed, 
into die hands of the reader or corrector, whose busi- 
ness is to read over the whole proof two or three times 
with great care and attention, marking the errata in the 
margin of every page. The corrections are always 
placed against the line in which the faults are found. 
There are different characters used to denote different 
corrections : thus — * is put to signify that a word is 
divided that ought to be in one, as pe rson, instead of 

person; a mark resembling the Greek theta 5 is put for 
dele, to intimate that something, as a point, letter, 
word, &c., dashed in that line, is to be taken out. If 
any thing is to be inserted, die place of insertion is 
marked with a caret, a, and the thing to be inserted 
written in the margin. Where a space is wanting be- 
tween two words, or letters, that are intended to be 
separated, a parallel line hmst be drawn where the sepa- 
ration ought to be, and a mark somewhat resembling 
a flat in music # placed in the margin. An inverted 
letter or word, is noticed by making a dash under it, 
and a mark, nearly resembling the dele character re- 
versed. 


Mr. Stower, in his Printer’s Grammar, observes, 
that marking turned letters tries a corrector’s skill in 
knowing the true formation of them ; without which, 
it would be better to mark them in the same manner 
as they do wrong letters, which is done by dashing out 
the wrong letter, and writing the proper one in the mar- 
gin, unless they are very sure they can distinguish b, d, 
n, u 9 P $ % x, z, when they are turned,, from the 

same letters with their nick the right way. Where a 
space rises up between two words, it is noticed by a 
+ in the margin. When any thing is transposed it is 
denoted thus: 

4. /s\ .2 j 

you\ jnerit/ your^miatakey 


for, “ you mistake your merit and in the margin is 
added tr. for transposition. Where a new paragraph is 
required, a line in the shape of a crotchet [ is made, 
and the same mark placed in the margin ; also where 
a paragraph ought not to have been made, a line is 
drawn from tbe broken-off matter to the next para- 
graph; and in the margin is written no break. If italic 
letters are to be changed for roman, or vice versa, a 

line is drawn, thus , under the letters, and rom. 

or it&l. is written in the margin. Where words have 
been struck oat that are afterwards approved of, dots 
are marked under such words, and in the maigin is 
written the word stet. Where the punctuation is re- 
quired to be altered, the semicolon, colon, and period, 
are encircled in the margin. The comma and other 
pouits are marked aB letters and. words, viz, with a long 


oblique tine immediately before them; which line is 
intended to separate the different corrections from each 
other that occur in the same line. When letters of a 
different fount or size are improperly introduced into 
the page, they are noticed by a small dash drawn 
through them, and the letters w. f. in die margin. 
There are some other marks used in correcting ; such 
as a/ for superior ; where it is necessary to insert the 
apostrophe, the star, or other reference marks, and 
superior letters : cap. for capital ; 1. c. for lower- 
case, Sec. 

After a proof sheet has been read, and tbe errata 
noticed by the reader, it is again put into the hands of 
die compositor, who proceeds to correct in the metal 
what has been marked for correction in the proof. For 
this purpose he unlocks the form on the imposing stone, 
by loosening the (rooms 'or wedges which bound die 
letters together. He then casts his eye over one page 
of the proof, noticing what letters, file, are required. 
Having gathered as many corrections fr o m the cases, 
between the thumb and -fore-finger of the left hand, 
as he can conveniently hold, and aa assortment of 
spaces, on a piece of paper, or in a small square box 
with partitions in it, he takes a sharp-pointed steel bodkin 
in his right hand. Placing the point of the bodkin 
at one end of the line, and the fore-finger of bis left 
hand against the other, he raises the whole line suffi- 
ciently high to afford him a dear view of the spacing. 
He then changes the faulty letters or words, and alters 
his spaces before he drops the line. 

The first proof being corrected, another is pulled, to 
be put into the hands of the reader, or sent to the 
author for examination. This proof being read and 
corrected as before, a revise is pulled, to see whether 
all the errors marked in the last proof are properly cor- 
rected! When the sheet ip correct, die forms are given 
to the pressman, whose business is to work them off 
when they are so prepared and corrected. Four things 
are now required; paper , ink , balls, and a press. The 
paper is prepared for use by being dipped, a few sheets 
at a time, in water, and afterwards laid in a heap over 
each other, to make the water penetrate equally into 
every sheet; a thick deal board is laid npon the heap, 
on which is placed heavy weights. The reason why the 
paper is to be wetted before it is in a fit state to be 
printed upon, is, that it may be made sufficiently soft 
to adhere closely to the surface of the letter, and take 
up a proper quantity of ink, that it may receive a clear 
impression. It is also necessary to wet the paper, lest 
its stiff and harsh nature, when dry, should injure die 
face of the letters. 

The manufacture of good common ink seems to be as 
yet very imperfeedy understood. That used in fine print- 
ing has been more attended to, and many of our printers 
are able to produce impressions in a great degree free 
from that offensive brown cast, which is to be observed 
in books printed with what is called common ink. He 
balls used in laying tbe ink on the forms are a kind of 
I wooden funnels, with handles, the cavities of which 
1 are 
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are stuffed with wool or hair, and covered over with 
a pelt prepared for the purpoee. One akin generally 
makes two proper sized balls. When the skin has been 
sufficiently soaked in urine, winch will take about four- 
teen or fifteen hours, it is curried, by potting it round 
an iron called a currying iron, or round some upright 
post, the pressman taking bold of each end of it, and 
drawing it with as much force as possible backwards 
and forwards, till it is rendered soft and pliable. He 
then cuts the skin exactly in two, puts the pieces under 
his feet, and condones to tread on them till they are 
so dry as to stick to the foot in treading. The skin is 
then laid on a flat stone, and stretched as much as pos- 
sible by rubbing the ball-stock upon it. It is then 
nailed upon the balketock in plaits about an inch wide, 
thrusting in as much wool as the cavity of the stock 
and the akin will conveniently hold. If, however, too 
much wool be put in, it will render the balls hard 
and difficult to work with. If too little wool] is 
in. the balls, they soon fall into wrinkles, so as to pre- 
vent an equal distribution of dm ink on their surface. 
When the balk are thus knocked up, as it is termed, 
they are dipped in urine, and scraped with a blunt 
knife until they are perfectly clean; they are then dried 
with a clean sheet of stout paper, and patted with the 
hand until no moisture remains on the surface. The 
balls, when they are completed, have the shape and 
appearance of a large maUet, Used by stoUo-ma- 
soo% except that their surface is much broader and 


^ Hie press is a curious and complex machine : it con- 
sists of two upright beams, called cheeks; they are 
generally about six feet one inch long, right inches and 
a half broad, and five inches thick, with a tetoon at 
each end. The tenon at the upper end of the cheek is 
cot across the breadth, and enters the cap within half 
an inch of the top. The cap is a piece of solid timber, 
three feet long, eleven inches wide, and four inches 
thick. The lower tenon of the cheek esters the feet, 
« which is a square wooden frame made very thick and 
strong. The head, which is moveable, is sustained by 
two* iron bolts that pass through the cap. The spindle 
is an upright piece of iron, printed, with steel, having a 
mala screw which goes into the female one in the head 
about four inches. The spindle is so contrived, that 
when the pressman f pulls a lever, which is attached to 
k, the pointed end of it works iu a steel pan, or cup, 
supplied with oil, whieh is fixed to an iron plate let 
into the top of a broad thick piece of mahogany, with 
a perfectly {dain surface, allied a phttao. This platten 
is made to rise and fall as die pressman pulls or lets go 
the lever or bar. When the platten falls, it presses 

r t a, blanket, by which the paper is covered when it 
upon the form, from which the impression is in- 
teodedto be taken. The form is kid upon a broad flat 
atone, or* thick marble slab, which is let into a wooden 
frame, called the coffin, and which is made to move 
backwards or forwards, by the tarring of a wince, or 
rouxKa.. At the< end of the coffin- are three frames; 


two of which are called tympana, and the remaining one 
a frisket. 

The following figure will afford a very good idea of 
this machine. 



The tympmas are square, and are made of diree slips 
of very thin wood, and at the top a piece of iron, still 
thinner ; that called the outer tympan is fastened with 
hinges to the coffin ; they are both covered with parch- 
ment, and between die two are placed blankets, which 
are neceissafy to take off the impression of the letters 
upon the paper. The frisket is a square frame of thin 
iron, fastened with hinges to the tympan ; it is covered 
with paper, cut in the necessary places, that the sheet, 
which is put between the frisket and the outer tympan, 
may receive the ink, and that nothing may hurt the 
margins. To regulate the margins, a sheet of paper is 
festetied upon this tympan, which is called the tym pan- 
sheet, and which ought to be changed whenever it be- 
comes wet with the paper to be printed upon. On 
each side is fixed an iron point which makes two holes 
in the sheet, which is to be placed on the same points 
when the impression is to be made on die other side. 
In preparing the press for working, or, as it is called 
by pressmen, making ready a form, great care and at- 
tention is requisite that the printed sheets may be in 
proper register, t. e. that the lines on one side may er- 
acdy fell upon the backs of the other. That die im- 
pression may be equable, the parchment which covers 
die outer tympan is wetted till it is very sqft, the 
blankets are then put in, and secured from slipping by 
die outer tympan. When the form is made ready, and 
every thing is prepared for working, one man beats the 
letters with the mk-balls, another places a sheet of 
paper on the tympan-sheet, turns down the frisket upon 
it to keep the paper/ clean and prevent its slipping, then 
bringing the tympan upon the form, and turning the 
rounce, by which the carriage, holding the coffin, stone, 
and form, is moved, he brings the form with the stone* 
&c., under the platten ; pulls with the bar, by which 
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the, platten presses the blankets and paper close upon 
the. letter, whereby half the form is printed ; then easing 
the bar, he draws the form still forward, gives a second 
pull, and letting go the bar, turns back the carriage, 
&c., raises the tympans and frisket, takes out the 
printed sheet and lays on a fresh one ; and this is re- 
peated till he has taken off the impression upon the full 
number of sheets of which the edition is to consist. 
One side of every sheet being thus printed, the form, 
for the other side, is laid on the press, and worked off 
in the same manner. 

Such is the description and operation of the common 
priuting .press, of which, its greatest defect is, that it 
does not prpduce an adequate impression, from heavy 
works, in small letter, without great labour and atten- 
tion. It has therefore been long a desideratum in the 
art to obtain an accession of power in the press, and that 
power adapted to the very moment when it is wanted, 
so that the force applied might, at all times, be equal : 
for if a greater force be required in one part of the pull 
than in another, the pressman, either from fatigue or 
negligence, is apt to slight his business. This object, 
so much wanted, has, in a great measure, been at- 
tained by the press invented by Earl Stanhope, of which 
the following may serve as a brief notice, rather than 
an accurate description; and those who would wish for 
a larger and fuller account we refer to Stowers Prin- 
ter’s Grammar, in which the several parts of the press 
are illustrated with wood cuts. To, this work, indeed, 
we acknowledge our obligations for much of the pre- 
sent article. In the common press, the perfect plane 
in the table and platten, so long wished fpr, is 
completely obtained. Here the cheeks, the cap, and 
the winter, of the old press, are not required. In 
this pre$$ the platten is fixed to the apparatus through 
which the screw works; and it is suspended to the 
short arm by a lever, provided with a counterbalancing 
weight, by which the form is released from the platten, 
at the return after the pull. Instead of the stone is 
substituted a cast-iron block, which has its upper sur- 
face made accurately flat, and is laid correctly hori- 
zontal; this, with the provision made for a vertical 
pressure on the platten, and the care taken to bring its 
lower face parallel to the surface of the block ensures 
an uniform pressure on the form. 

We may now notice an improvement in the common 
printing-press, by Mr. Joseph Ridley, to whom the 
Society of Arts, Manufactures, &c., in the Adelphi, 
voted a premium of forty guineas. In this press, the 
head is the chief object of improvement, from which 
the screw, hitherto in use, is taken away, and a perpen- 
dicular bar of steel, with a conical end lodged in a cup 
on the platten, substituted in its stead. The purchase 
is obtained by means of a spindle through each side of 
the press, near the bar, to which it is attached by three 
chains; the two outer ones serving to pull down the 
bar and platten, and the middle to raise or recover 
them again. To one end of this spindle is fixed a 
lever or handle, two feet long, which, by means of 


two chains pulls down the platten with any force re- 
quired. At the other end of the spindle is also another 
lever, with a weight acting as a fly, which weight may 
be fixed by means of holes in the lever, at such a 
distance from the centre as may be judged necessary ac- 
cording to the nature of the work to be done. No work 
with this press requires more than one pull. 

We. now come to the Stereotype method of printing, 
to which the same presses are adapted as are required 
by the common mode. The mode of stereotype- 
printing is this: first, to set up a page, for instance, 
in the common way, and when it is rendered perfectly 
correct, a cast of plaster, hereafter described, is to be 
taken from it, in this cast the metal for the stereotype is 
to beipoured. This method of printing, though not 
by any means ; a new invention, has been lately brought 
into practice by Earl Stanhope; but, as the subject 
has, of late years, caused some warm discussions, we 
must not pass it over. 

The history of the invention of modem stereotype 
is, like that of common printing, involved in some ob- 
scurity as to the name of the person to whom justly 
belongs the honour of an invention so useful and curi- 
ous. Mr. Andrew Tilloch, the editor of the Philo- 
sophical Magazine, has given the following extract, 
translated from a Dutch writer, which deserves to be 
noticed. 

“ Above a hundred years ago, the Dutch were in 
possession of the art of printing with solid or fixed 
types, which, in every respect, was superior to that of 
Didot’s stereotype. It may, however, be readily com- 
prehended that their letters were not cut in so elegant 
a manner, especially when we reflect on the progress 
which typography has made since that period. Samuel 
and J. Leuchtman, booksellers at Leyden,- have stHI in 
their possession the forms of a quarto Bible, which 
were constructed in this ingenious manner. Many 
thousaud impressions were thrown off, which are in 
every body’s hand, and the letters are still good. 

“ The inventor of this useful art was J. Vander 
Mey, father of the well-known painter of that name. 
About the end of the sixteenth century he resided at 
Leyden. With the assistance of Muller, the clergyman 
of the German congregation there, who carefully supers 
intended the correction, he prepared and cast the plates 
for the above-mentioned quarto Bible. This Bible he 
published also in folio, with large margins, ornamented 
with figures ; the forms of which are still in the hands 
of Elive, bookseller, at Amsterdam : also an English 
New Testament, and Schaaf ’s Syriac Dictionary, (he 
forms of which were melted down. Likewise a small 
Greek Testament, in 18 mo. » 

“ As far as is known, Vander Mey printed nothing 
else in this manner; and the art of preparing solid 
blocks was lost at his death; or, at least, was not 
afterwards employed.” The Dutch editor supposes that 
the reason Vander Mey’s invention was dropped, was, 
that “ though this process in itself is veiy advantageous? 
it is far more expensive than the usual method of 
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priming, except in those mm were suck works an to Mr. Ged, Mr. Tilloch made a similar discovery, with- 
be printed as are indispensably neceasaiy, and of standing out having, at the time, any knowledge of Ged’s in- 
worth. Mr. Tilloch, however, is of a d i rectl y con- vendor*. In perfecting the invention, Mr. TiUoch had 
trary opinion." the assistance and joint labour of Mr. Foulis, printer to 

Iu the . year 1781, was printed by and for J. Ni- the University of Glasgow. After great labour, and 
chols, London, a very interesting pamphlet, entitled many experiments, these gentlemen “ overcame every 
Biographical Memoirs of William Ged; indndHig a difficulty, and were able to produce plates, the impres- 
parUcular account of his progress in the art of block- sions from which could not be distinguished from those 
printing. The first part of the pampUet was printed taken from the types from which they were cast. 9 * 
front a MS., dictated by Ged aocne time before his “ Though we had reason to fear," says Mr. TtHoch, 
death ; the second part was written by his daughter, “ from what we afterwards found Ged had met with, 
for whose benefit the profits of the publication were that our efforts would experience a similar opposition, 
intended ; die third is a copy of proposals that had from prejudice and ignorance, we persevered in our ob- 
beeo published by Mr* Ged’s too, in 1751, for reviv- ject for a considerable time, and, at last, resolved to 
ilg hi* father's art; audio the whole is added Mr. More’s take out patents^ for England and Scotland, to secure 
Narrative of Block Printing. ourselves, for the usual term, die benefits of our inven- 

It appears, from this publication, dial, in the year tion.” “ Owing So circumstances of a private nature," 
1725, Mr. Ged began to prosecute plate-printing. In not, however, connected with die stereotype art, the bu- 
1727, be entered into a contract with a perms who had siness was hud aside for a time; and Mr. Tilloch 
a little capital, but who, on conversing with some baring removed from Glasgow to London, the concern 
printer, got so intimidated, that, at die end of two was dropped altogether; not, however, till several 
years, he had laid out only twenty-two pounds. In small volumes bad been stereotyped and printed, under 
1729, he entered into a contract wkh Mr. Fenner, the direction of Messrs. Tilloch and Foulis. 

Thomas James, a type-founder, and John James, an Some time elapsed after this, when Didot, the cele- 
architect. Sometime after, a privilege was obtained bra ted French printer, applied the stereotype art to logo- 
from the University of Cambridge, to print Bihlea and rithnric tables, and, afterwards, to several of the Latin 
Prayer-Books ; but it appears, that one of his partners classics, and to various French publications. It has 
was actually avsrse to the success of the plan, and en- been said, by the French, that the merit of die inven- 
gjaged such people for the work as be thought most tion properly belongs to Didot ; hot, by what we have 
likely to spoil it A straggling workman, who bad already laid before our readers, it is evident this cannot 
wrought with them, informed Mr. Mores, that both have been tbo case. 

Bibles and Comorin Prayer Books had been primed; Some years after Mr. Tilloch bad given up the pro- 
but that the compositors, whea they corrected one fault, secution of this art, Mr. Wilson, a printer of respects- r 
made, purposely, half a dosen more ; and the press- bility in London, engaged with Earl Stanhope, for the 
men, when the masters were absent, battered the letter purpose of bringing it to perfection, and eventually to 
in aid of the compositors. Iu consequence of these establish it in this country. His Lordship, it is said, 
base proceedings, the books were suppressed by au- received bis instructions from Mr. Tilloch, and had 
thority, and the plates sent to the Kings printings afterwards the personal attendance of Mr. Foulis, for 
bouse, and from thence to Mr. Cretan's foundry. many months, at his seat at Chevening, where his lord- 

“ After much ill*u*nge,” says Mr. Tilloch, “ Ged, ship was initiated in the practical part of die operation, 
who appears to have been a person of great honesty and, for which, we have been informed, he paid eight 
apd simplicity, returned to Edinburgh. His friends hundred pounds. 

were anxious that ^ specimen of his art should be After two years’ application, Mr. Wilson announced 

E blisbed, which was at last done by mbscriptioii. to the public, “ that the genius and perseverance of 
is son, James Ged, who bad been, apprenticed to a Earl Stanhope," whom he styles the inventor, had 
printer, with the consent of hit master, set up the overcome every difficulty; and that, accordingly, die 

form* in the night-time, when die other compositors various processes of the stereotype art had been so ad- 

ware gone, for hi* father to east the n fates from ; by tnirably contrived, combining the most beautiful sim- 
wnich means Sallust, a copy of whin we bare seen, plioity with the most desirable economy, the ne plus 
was finished in. 1734*” Mr. TiUoch has not only a ulirm of perfection, with that of cheapness, as to yield 
copy of this work, but also a plate of one of the pages, the best encouragement to tbe public for looking for- 
Besides Sallust* Mr. TiUoch has another work, printed ward to tbe happy period when an application of this 
some years after from Mr. Ged’s manufacture. The valuable art to the manufacture of books would be the 
book is, The Life of God in the Soul of Man, printed means of reducing the price of all standard works, at 

ou a writing pot, iftmo^ add with tbe following im- least thirty, and, in many cases, fifty per cent 

print — “ Newcastle, printed and sold by John White, In January, 1804, the stereotype art (with the appro- 
from plates made by William Ged, Goldsmith in Edin- fbatioa of Lord Stanhope), was offered, by Mr. Wilson, 
burgh, 1742." to the University of Cambridge, for their adoption and 

Fifty years after the invention of plate-printing by use in the printing of Bibles, Testaments, and Prayer 

6 O Books, 


Digitized by t^ooQie 



510 


PRINTING. 


Books, upon certain terms and conditions, and, both at 
Cambridge and Oxford, Bibles, Testaments, &c., are 
now generally stereotyped. Some few school-books 
have also been printed by this method ; but, at present, 
there seems no reason to believe that the method will 
come into general use. It will be sufficient for us, in 
this place, to state the practice as given by Mr. Bright- ‘ 
ley, and then mention the advantages and disadvantages 
of this method of printing, as detailed by Mr. Wilson, 
on the one side, and his opponents, on the other. 

“ The first object of attention,” says Mr. Brightley, 

“ in this department, is the form of the type most con- 
venient for casting plates. In new founts the letter- 
founder should be directed to leave the body of the 
letter square from the foot to die shoulder ; die leads 
and spaces corresponding in height with the shoulder 
of the letter; so that, when standing together in a page, 
the whole may form one solid mass, with no other 
cavities than what are formed by the face of the letter. 
The composition of which the moulds are to be made, 
when applied to such pages, having no interstices to 
enter, and being indented only by the face of the letter, 
may be easily separated: but if cavities be left in the 
, page, the mould will unavoidably break, and injure the 
impression. 

“ The quadrates should be cast rather lower than the 
shoulder of the letter, about one-third of the depth of 
pica. Otherwise the plate, which corresponds with the 
page, will be inconvenient to work at press : for where 
the whites are considerable, and the quadrates nearly the 
height of the letter, it is difficult to prevent the fouling 
of the paper. But if the quadrates be cast lower, this 
• inconvenience will be avoided ; and the cavities formed 
v by these quadrates being large and shallow, there will 
be little difficulty in separating the moulds from the 
pages. If the composition break in those cavities, 
which sometimes happens, it is of little consequence, 
as it does not affect the face of the letter; and the 
metal may be afterwards reduced where it stands up 
too high. As the thickness pf the plate, however, 
must in some measure be regulated by the position of 
the quadrates, care should be taken not to have them 
sunk too low ; or the plate, when cast, will have holes 
in the places where the quadrates stood. 

“ The. chases and furniture will next be considered, 
and here very little alteration is required. Each com- 
positor should be provided with four, five, or six small 
chases, according to the nature of his work, so as to 
lock up a quarto page, two octavos, or three or four 
smaller ones when wanted. The furniture should be 
nearly four-fifths the height of the letter, and cut to 
such lengths that the page or pages, when locked up, 
may leave openings at the four corners, large, enough 
to admit a quotation. The form should be carefully 
examined before it be sent to the foundry, to prevent 
letter or furniture from standing up above their proper 
level. It is also necessary, after pulling the last proof, 1 
to have the letter thoroughly cleaned. For this purpose 
k should be well washed in lye, aiid afterwards rinsed 


in clean water. And if any dirt or ink still remain ia 
the letter, it must be carefully taken out with a picker, 
or the moulds will be defective wherever the dirt ad- 
heres.” 

We come next to th& foundry in which the stereo- 
type plates are cast. A room of sixteen or eighteen 
feet square will be sufficient to cast as many pages as 
can be set by fifteen or twenty compositors. It should 
be well ventilated, to prevedt the fumes of the metal 
from injuring the workmen. The articles of furniture 
are the following : 

“ A moulding table or bench, covered with a piece 
of horizontal marble, like an imposing-stone, about 
eighteen inches wide, and long enough to contain ten 
or a dozen small chases (according to the extent of 
the business), in order to form the moulds from the 
pages. Instead of one large piece of marble, die table 
may consist of as many small ones as the number of 
chases require: and, as it is easier to level a small 
piece of marble than a large one, die latter method 
may be preferred. Another common wood bench or 
table, to lay plates and tools upon, will be convenient, 
and may be placed wherever the workman pleases. 
Where any quantity of business is done, two cast-irocr 
ovens will be required, each four or five feet long, 
eleven inches high, and sixteen inches broad; The 
bottom and sides, which, bear the action of the fire, 
should be, at least, an inch thick; the upper part some- 
thing less. Double doors should be hung at each end, 
meeting in die middle, and well fitted to exclude die- 
air. An additional lid, or door of sheet-iron, to close 
the whole, will tend to confine die heat and save feel. 
The ovens are to be fixed in the open chimney, separated 
by a thin brick partition, with a furnace under each, 
fitted up in the best manner, with Rumford doors, 8cc., 
that the fire be not wasted. As metal will occasionally 
fall into the oven, it may be made to run out at the 
front, by raising the back a little higher at the time of 
fixing it. If a vacancy be left between the chimney- 
piece and the front of the ovens, the steam and heat 
will be carried off without incommoding the room. 
Fourteen or fifteen feet of the opening of the chimney 
will be occupied by the ovens. In the remaining part 
should be fixed a plumber s pot of cast-irou, to melt 
and mix the metal as it may be wanted. A small one 
will contain eight or ten hundred weight, and be suffi- 
cient for a moderate business. Another small pot to 
contain a quantity of metal equal t6 a day’s consump- 
tion, may be fixed iu the recess before-mentioned. 
The flue of the furnace may be carried into the general 
chimney.” 

In speaking of the metal, made use of in die manu- 
facture of the stereotype plates, we have the following 
proportions : 

To one hundred weight of regulus of antimony, 
broken into small pieces, and thoroughly cleaned, are 
to be added from five to eight hundred weight of hard 
lead, according to the hardness of the metal required. 
The lead is to be melted over a slow fire, and cleaned 
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of all scum or oxyde. . When molted, the antimony is 
to he gradually thrown in and kept stirred till the whole 
is melted. To every hundred weight of lead may be 
added about two pounds of block-tin. 

In casting these plates, there must of course be a 
mould first made to form the counter-part of the ori- 
ginal type. Here a substance is required of so delicate 
m texture, when soft, as to be capable of receiving an 
impression of the finest lines ; and when dry, it must 
be capable of bearing the action of melted metal. The 
qualities will be found in plaster of Paris or gypsum, 
of which that found in Nottinghamshire is said to be 
the best, called gypsam-uKhenrock. It soon spoils if 
purchased in a prepared state; the stereotype caster 
should be able to burn it himself, and in quantities as 
he wants it. Mr. Brightley gives the following rule : 

“ Proride a pan of thin sheet-iron, of the length 
and breadth of the oven, and about five or six inches 
deep.. Break the plaster into small pieces, sufficient 
to nil the pan ; and after the process of casting for die 
day be over, enclose it in the oven, and keep up the 
fire about an hour afterwards. The oven doors mould 
not be quite closed, till the evaporation has subsided : I 
then the fire may be permitted to bum itself out, and 
the plaster to remain there till the morning. It is then 
to be laid upon a stone or bench, and pounded very 
fine, so as to pass through a lawn, or fine wire sieve. 
To ascertain its quality, mix a sipall quantity of it 
quick ! y with as much water as will make it into a thin 
paste. If it be good and fit for use, in about ten 
minutes it will become bard and strong : if otherwise, 
it will remain soft and watery/ 1 

The chief defects in this composition are, 1 . That it 
is liable to contract and warp when exposed to a very 
htgh degree of h$at: 2. That it is extremely difficult 
to expel the air and moisture, which it rapidly absorbs 
and tenaciously retaius. We have heard that the chief 
secret in the Stanhope composition is the peculiar 
method by which his Lordship extricates his composi- 
tion from these defects, and which be does in the com- 
pletes! way possible. To get rid of them the following 
method is recommoided by Mr. Brightley: dissolve 
a quantity of common whitening in dear water, so as 
to make it of the consistence of what ^ g e ne r al ly used 
in white-washing. Mix the plaster with this soiatkm, 
and it will contract very little by heat; the air and mois- 
ture will be readily expelled, and the mould will not 
be so liable to crack as plaster done. - m . 

In the practice of moulding, which is dbne page by 
page, * frame of cast iron most be prepared bdf an 
mch wider and longer than tbe pages looked op' in the 
chasp. The frame determines tbe thickness and 
strength of the mould, and requires to be an mob 
deep, with tbe lower side contracted, about a quarter' of 
an inch, to present the mould fron* dropping through. 
To this must be added four cubical pieces of metal 
fike quotations, whose height should be exactly four- 
fifths of ttye height of the letter: for on the height of 
these depends the thickness, of the stereotype-plate. 


The pages are now to be laid flat upon the moulding 
table, and the letter planed down to an even surface. 
To prevent the adhesion of the plaster, it will be ne- 
cessary to oil the face of the page with a soft brush, 
taking care to remove with a sponge what is superflu- 
ous ; for, if the oil be allowed to stand in tjie letter, 
it will prevent the composition from sinking in, and the 
face of the plate, when cast, will be filled with metal. 
All the pages laid upon the moulding table are to be 
prepared in the same manner. Take now a quantity 
of the white-wash into a wooden bowl, and add to it 
so much prepared plaster as will make it a thin paste : 
stir it quickly with a large iron spoon till it be reduced 
to an equal consistency : apply it to the face of the 
letter with a brush, similar to what painters use, so as 
to fill every cavity, and then pour on the remainder of 
the plaster to fill the frame. When it begins to harden, 
strike off the superfluous plaster down to the frame, 
with a metal rule, and the back of the mould will be 
smooth and regular. The mould will next require to 
be separated from the pages; then to be dried, and 
afterwards hardened ill’ a furnace, for all which pro- 
cesses, and likewise for casting the plates, directions 
are amply ‘ given in Mr. Brightley’s pamphlet on the 
subiect, to which we refer our readers. 

After the plate has been cast, a few small imperfec~ 
tions will frequently be discovered ; the eye of the t 
for instance, or other similar letters, may have been 
filled with dirt r these defects must carefully be reme- 
died by means of instruments called pickers. This part 
of the business is done by persons employed for the 
purpore, in a room called the picking room. The 
plate is now ready for the press, and may be laid on 
blocks, and fastened down with a slip of brass and 
screws. Imperfections may still be found to exist, for 
if the loaded plate, which in casting is laid on the back 
of the stereotype-plate, be not truly horizontal, if the 
frames containing tne moulds be not so too, if any dirt or . 
other small substance get between. Or if the mould have 
been warped from heat, then the stereotype plates will 
be of unequal thickness, and when put to the press, 
cannot give an even and true impression. The follow- 
ing remedy has been adopted to prevent these defects. 

“ Solder fodr or five pieces of split lead to the back, 
of the plate, towards each corner and the centre, 
with their ends a little curved. Lay the plate, with its* 
face downwards, on a smooth horizontal piece of 
marble, and gently lock it up in a chase, so tnat. four 
straight pieces of iron, the exact height of moveable, 
types, may surround it in a hollow square, correspond-, 
ing with the rise of the page/ Mix up a quantity of. 
a Roman Cement (manufactured by Messrs. Parker and. 
Co. BanAside, London), to fill the square, and strike it 
off correctly level with the frame, as in brick-making ; 
and it is obvious that the plate and cement together will 
form a solid page, like moveable type. When har-. 
dened, it may be imposed and worked' in the same, 
manner as in common printing ; and, as the cement, 
will continue firm, without being affected by moisture, 

k 


Digitized by t^ooQle 





pjttNima 


it will be nearly as durable as the oaeial to which it is 
attached. 

t€ One precaution on this head is necessary. If the 
front of the plate do not, in all points, touch the marble 
when laid upon it, the face will, of course, remain 
uneven ; and the defect, which this process was intended 
Jo remove, still continues. Let seven or eight rods of 
iron, about two feet long, be fixed to a horizontal rod 
as a centre, each having a moveable point, and a 
weight suspended at the end to form a lever* When 
the cement is poured on the plate, immediately press 
into it, at the four corners and centre, or at other dif- 
ferent places in a large page, small pieces of thin tile. 
The rods being brought down over the page, with their 
points resting on the tiles, will press it close to the 
stone in every part : and the cement, when hardened, 
will keep it horizontal. The levers are then removed 
and the superfluous cement is smoothly planed off. 
Screws, or any thing else that will form a pressure, on 
different parts of the pfote, so as to keep due face flat 
to the stone, will equally answer dm purpose.” 

“ The advantages arising from ap application of this 
invention to the manufacture of hooks, are not,” says Ms. 
Wilson, “confined to any particular department of the. 
printing business. In every department of expenditure 
they are as self-evident as profitable* and need duly to be 
mentioned to be well understood. Ip the first place, 
die wear of moveable type*, in stereotyping, does not 
exceed 51. per cent, of the heavy expense incurred by 
the old method of printing.— 2dly. The expenditure 
upon composition and reading is Deafly tjhe same by 
both methods, for a first edition : hut this great ex- 
pense must be repeated for every succeeding editiop 
from moveable types; whereas, by the stereotype plan 
it ceases for ever. — 5dly. The expense of stereotype 
plates , when I am employed to ca^t them* w apt 20b 
per cent, of that of mpveable type pages.— 4thly. The 
expenditure upon paper and press-york is the same by 
both methods ; hut it is not tticurre4 at the same time. 
The old method requires an advance of capital for a 
consumption of four years; whereas, by stereotype, 
half a year’s stock is more than sufficient. It follows, 
therefore, that 12*1. per cent of the capital hitherto 
employed in paper and press-work is fqlly adequate to 
meet an equal extent of sale.— 5tb}y. A fire proof 
room will hold stereotype plates of works, of which the 
dead stock in printed paper would require a warehouse 
twenty times the size; and thus warehouse-rent and 
insurance are saved ; with the additional advantage, in 
case of accident by fire, that the stereotype plates, may 
be instantly put to press, instead of going through the 
tfdious operations of moveable typ^ printing ; and thus 
no loss will be sustained from the works being out of 
print. — 6thly. In stereotype, every page of the most 
extensive work has a separate plate; all the pages, 
therefore, of the said work, m ust he equally new and 
beautiful. By the old method, the types of each sbegt 
are distributed, and with them tb£ succeeding sheets are 
composed; so that, although thq first few sheets, of .a 


volume may be well printed, the lait part of the game 
volume, in consequence of the types bring in a gradual 
state of wear as the work proceeds, will appear to be 
executed in a very inferior manner- — Tthly. The ste- 
reotype art possesses a security against error , which 
must stamp every work so printed with a superiority of 
character that no book from moveable types ever can 
attain. 'What an important consideration it h, that 
the inaccuracies of language, the incorrectness of or- 
thography , the blunders in punctuation, and the acci- 
dental mistakes that are continually occurring in die 
printing of works by moveable types, and to which every 
new edition superadds its own particular share of error, 
— what a gratifying security it is, that all descriptions of 
error are not only completely cured by the stereotype 
invention, but that die certainty of die stereotype plates 
remaining correct, may be ahnost as fiiMy relied on as 
if the possibility of error did not at all exist i — -If these 
observations be just with reference to the printh^ of 
English books, how forcibly must they be felt when 
applied to the other languages generally taught in this 
country! — how much mors forcibly when applied to 
those languages which are the native dialects of the 
most ignorant classes throughout the United Kingdom, 
but which are as little understood as they are generally 
spoken!— 8th ly. Stereotype plates admit of alteration ; 
and it will be found that they will yield at least twice 
the uumber of impressions that moveable types are ca- 
pable of producing. — Lastly, All the preceding advan- 
tages may be perpetuated, by the facility with which 
stereotype plates are cast from stereotype plates. 

“ Such is a general outline of the present state of the 
stereotype invention ; and such are the obvious advan- 
tages arising from it to learning and to ignorance, — to 
every state and condition of civilized life. From the 
whole it results, that a saving of 2ol. to 401. per cent, 
will accrue to die public in the prices of all books of 
standard reputation and sale, which, I believe, are 
pretty accurately ascertained to comprehend three 
fourths of all. the book printing of England, Scot- 
land ; and Irelandi It is fair to conclude, therefore, 
that the sales, both at home and abroad, will be con- 
siderably increased, and that the dudes on paper will 
be proportionally psoductive ; so that the public will be 
benefited in a twofold way by a general adoption and 
encouragement of the stereotype art With this view, I 
think the .period is now arrived when I ought to an- 
nounce to all the respectable classes before-mentioned, 
particularly, printers and booksellers, that I am folly 
prepared to enable them to participate in the advantages 
tp be. derived from the stereotype art, in any way that 
may be most conducive to their pfoticular interests, 
either individually or collectively.” 

We shall now state the arguments generally ad- 
vanced in opposition to foe practice of this invention. 

“In the first place, the expense of the composition of 
every page (it being imposed separately, and two 
proofs, at least, taken from it before it can be in a 
proper stafe to undergo the process of knaking a plate 
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from tt\ must be considerably greater than in the com- 
mon mode. 

“ Secondly. In a first edition the bookseller has not 
only to pay for the higher-priced composition, but must 
be at the great expense of the stereotyping, which, in 
metal, independent of the charge for workmanship, is 
equal in weight to one-fourth of the same work set up 
in moveable types. 

“ Thirdly. The printer in stereotype must use higher- 
priced presses than are now commonly used, and must 
consequently increase his charge per ream ; for hitherto 
all stereotype works have been printed at the Stanhope 
press, and at these presses it has not been done at the 
common price . 

“ Fourthly. The shape and manner of the first edition 
must be continued, or the first expense must be again 
incurred ; for no deviation as to plan or size can possi- 
bly take place, nor any advantage be reaped from the 
future improvements in the shape of types. 

“ Fifthly. The bookseller has, at present , the cer- 
tainty, or nearly the certainty, of detecting, particu- 
larly in town, any unjust advantage which might be 
taken of him, m point of number, by those with 
whom he intrusts his works: that important security 
will be wholly done away by plate-printing. He must 
also be subject to the loss sustained by the damage of 
plates (a highly probable circumstance), together with 
fraud by the “ Jacihty with which stereotype plates are 
castfrom stereotype plates." 

Copper-plate printing requires some notice: this, 
which is a distinct trade of itself, is done by a machine 
called the rolling-press, which may be divided into two 
parts the body and carriage, analogous in some respects 
to the other. 

Hie body consists of two cheeks of different dimen- 
sions, ordinarily about four feet and a half high, a foot 
thick, and two and a half apart, joined at top and bot- 
tom by cross pieces. The cheeks are placed perpendi- 
cularly on a wooden stand or foot, horizontally placed, 
and sustaining the whole press. From the foot likewise 
rise four other perpendicular pieces, joined by other 
cross or horizontal ones, which may be considered as 


the carriage of die press, as serving to sustain a smooth, 
even plank, about four feet and a half long, two feet 
and a half broad, and an inch and a half thick ; upon 
which the engraven plate is to be placed. Into the 
cheeks go two wooden cylinders or rollers, about sbr 
inches in diameter, borne up at each end by the cheeks, 
whose ends, which are lessened to about two inches 
diameter, and called trunnions , turn in the cheeks be- 
tween two pieces of wood, in form of half-moons, 
lined with polished iron to facilitate the motion. TAe. 
space in the half moons left vacant by the trunnion, is 
filled with paper, pasteboard, &c., that they may be 
raised and lowered at discretion; so as only to leave the 
space between them necessary for the passage of the 
plank chaiged with the plate, paper, and blankets. 
Lastly, to one of the trunnions of the upper roller is 
fastened a cross, consisting of two levers or pieces o i 
wood traversing each other. The arms of this cross 
serve in lieu of the handle of the common press ; giving 
a motion to the upper roller, and that to the under one ; 
by which means the plank is protruded, or passed be- 
tween them. 

The practice of printing from copper-plates is nearly 
as follows. The workmen take a small quantity of the 
ink on a rubber made of linen rags, strongly bound 
about each other, and with this smear the whole face 
of the plate as it lies oo a grate over a charcoal fire. 
The plate being sufficiently inked, they first wipe it 
over with a foul rag, then with the palm of their left 
hand, and then with that of the right ; and to dry the 
hand and forward the wiping, they rub it from time to 
time in whitening. In wiping the plate perfectly clean, 
yet without taking the ink out of the engraving, the ad- 
dress of the workman consists. The plate thus pre- 
pared is laid on the plank of the press ; over the plate is 
laid the paper, first well moistened, to receive the im- 
pression, and over the .paper two or three folds of flan- 
nel. Things thus disposed, the arms of the cross are 
pulled, and by that means the plate with its furniture 
passed through between the rollers, which, pinching very 
strongly yet equally, press the moistened paper into the 
strokes of the engravings, whence it licks out the ink. 


RECTIFICATION. 


Rectification and Distillation ; we have 
referred an explanation of these operations to one 
article ; though in this country, particularly in the me- 
tropolis, from whence we write, and its neighbouring 


villages, they make two distinct trades. Rectification 
is in fact but a second distillation, in which substances 
are purified by their more volatile parts being raised by 
heat carefully managed. Sometimes indeed the recti- 
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6er has recourse tot third and even a fourth distillation, I and starts witha guggling noise, and coloured or fouled, 
when be wishes his spirits or goods, as they are techni- When the stream of distilled water flows evenly, and 
cally called, to be very clean and pure. the boiling liquor is heard to simmer moderately within 

Distillation scientifically considered may be regarded the still, the process will be known to go on properly, 
as a process of evaporation or volatization, performed The objects of distillation, ^considered as a trade, are 
in vessels adapted to condense and collect the substance chiefly spirituous liquors ; and the distillation of corn- 
volatilized. In this way of considering the matter, it pound spirits and simple water, or those waters that are 
would divide itself into three classes, according as the impregnated with the essential oil of plants, is commonfy 
substance ob tuned is solid, fluid, or gasseous. Our busi- I called rectification. 

ness is with the fluid class, but we may previously, to The great object of the distiller ought to be to pro- 
entering upon it, observe that distillation, where the cure a spirit perfectly. flavourless, which, it is admitted, 
principal product is solid, is commonly known by the I is not an easy task. The materials for distillation that 
name of sublimation , thus Benzoin acid, or, as it is have in this country been used in large quantities are 
called in the shops, Flowers of Benzoin, is a product I malt, molasses or treacle, and sugar. AU these, but 
distilled from the Benzoin in the impure state. The 1 sugar the least, abound with an oily matter, which 
distillation of gasses is confined altnoet entirely to the rising with the spirit, communicates a disagreeable 
experimental chemist and plulosopher. flavour, from which it *is with the utmost difficulty 

The apparatus for the distillation of liquids must con- freed. Previously to the operation of distillation, 
sist of at least two parts, viz. the boiler, or vessel in those of brewing and fermentation are necessary, for 
which the materials are heated, and the vessel comtiro- which we refer to the article Brewing. Methods 
meeting with it, in which the steam or vapour is con- have been suggested, and we believe carried into prac- 
densed into a liquid. Distillation of liquids on a large tice, for reducing the brewing and fermentation to one 
scale is usually carried on in the still refrigeratory. The operation, which are said to improve the spirit in quality 
still for manufacture!*, consists of a boiler fixed in' and greatly augment it in quantity. On this principle 
mOS way with a fire-place beneath it, of a head, or capi- the following recipe has been given for fermenting 
tal as it is called, which is a hollow globe fitting upon malt for distillation, in order to get its spirit. Take ten 
the boiler, and with its upper part drawn out into a pounds of malt reduced to fine meal, and three pounds 
curved pipe of decreasing diameter; which describes a of common wheat-meal ; add to these two gallons of 
complete arch, and terminates at the upper part of the water, and stir them well together, then add five gal- 
serpentine or worm in which it fits. The latter is a Ions of water boiling hot, and stir the whole well to- 
k>ng pipe with a regularly decreasing diameter, which gether. Let the whole stand two hours and then stir 
is arranged in a spiral form in the middle of a large it again, and when grown cold, add to it two ounces 
tub of cold water, by means of which the vapour is of solid yeast, and 9et it by loosely covered in a rather 
condensed and trickles down in a small regular stream warm place to ferment. This is said to be the Dutch 
from the lower end of the worm, where it emerges method of preparing what is technically called the wash 
from the side of the tub. The boiler of the still is ge- for malt spirit, which comnukliously reduces the two 
nerally made of tinned copper as well as the lower part processes of brewing and fermentation to a single ope- 
of the capital, but the arched termination of the latter ration. In London and its neighbourhood the method 
as well as the whole worm are of pewter. The joining is to draw and mash for spirits as they do for beer, ex - 
between the boiler and the capital requires to he luted cept that instead of boiling the wort they pump it into 
with slips of blodded and 3rell made paste. The line of I coolers, and afterwards draw it into backs to be then 
the tube from the arch of the capital to the bottom of fermented with yeast. Thus in the opinion of some 
the worm should be an uniformly descending spiral to persons conversant with the subject, they bestow twice 
prevent any lodgment of the distilled liquor, and some as much labour as necessary, and lose a large quantity 
nicety is required in large stills, to give the worm an of their spirit by leaving the gross bottoms out of the 
exact degree of slope. The management of the fire is still for fear of burning. 

of great importance in all distillations, to avoid on the jl AH simple spirits may be considered in their dif- 
one hand boiling over or burning the ingredients by too ferent states of low wines, proof spirit, and alcohoL 
great a heat, and on the other to keep up the fire suf- The first contain only one-sixth of spirit to five-sixths of 
ficiently strong to afford an even, regular evaporation water. Proof spirits contain one-half of totally infiam- 
into the condensing part of the apparatus. When too mable spirit; and alcohol, if very pure, consists wholly 
much heat is used there is danger of the capital being of spirit, without any admixture or adulteration, 
blown off by the great expansive force of the vapour, I Malt low-wines, which is the first state after distil- 
which is too suddenly generated and cannot be con- | lation from the wash prepared in the usual way, are 
densed with sufficient rapidity, or else the liquor in the ] I exceedingly nauseous, owing to the grose oil of the 
boiler rises upinto the capital and flows over into the! malt that abounds in it. When these are distilled 
serpentine. The latter accident, as it may be called, is I gently and by a slow fire into proof spirits, they leave 
perceived by the liquor coming out at the bottom of the a considerable quantity of this fetid oil behind in the 
serpentine not in a clear Uniform stream, but by gushes 1 1 still with the phlegm, the liquor loses its milky colour, 
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and w perfectly clear end bright. When proof spirit 
from nudt is willed over again to be brought into the 
elate of alcohol, the utmost attention must be paid to 
the fire, or some of the oil will be forced over and 
injure die whole process. The use of the balneum 
marie, instead of the common still, though a much 
m or e tedious process, would effectually prevent this 
mischief, and give a purer spirit in one rectification 
than can be procured in many, according to the common 
methods. 

Malt spirit, and indeed spirits from other substances, 
must be brought into the state of alcohol, before it is 
adapted to internal uses, after which it is said to be 
more fit for aU the various internal uses than even 
French brandy, it being by this purification a more 
un ifo r m , hungry, tasteless spirit, than any other spirits 
which are frequently esteemed much better. A quarter 
of malt, according to ha goodness, aud the season of 
the year, will afford from eight to fourteen gallons of 
alcohol. The malt distiller always gives his spirit a 
single rectification pet se to purify it a little, and in 
this state, though certainly not at all adapted to internal 
uses, it is firequendy and at once distilled into gin or 
other ordinary compound liquors for the common peo- 
ple, who in this country injure their health, and eventu- 
ally destroy their constitutions by the free use of them. 
The Dutch never give it any farther rectification than 
this : they distil the wash into low whies, and then at 
once into full proof spirit, from which they tnanufac* 
time their celebrated Holland’s geneva, which they 
export to foreign countries. Malt spirit, in its unrecti- 
fied state, is usually found to have the common bubble 
proof, winch makes it a marketable commodity, and 
which is obtained by mixing with it a certain portion 
of the gross oil of the malt ; this indeed gives die rec- 
tifier much trouble if he require a very fine and pure 
spirit, but in general he does not concern himself about 
this, but mixes it still stronger by alkaline salts, and 
disguises its taste by the addition of flavouring ingre- 
dients. The spirit loses in these processes the vinous 
character which it bad when it came out of die hands 
of the malt-distiller, and is, in all respects inferior, 
except in the disguise of a mixed flavour. The alkaline 
salts used by the rectifier, destroying the natural vmosity 
of the spirit, it is necessary to add an extraneous acid 
to give it a new one, and this is frequently what is 
denominated in the shops “ spiritus nitri dulcis,” and 
tbe common method of applying it, is the mixing it to 
the taste with rectified spirit; and it is said to be this 
that gives 1 die English malt spirit a flavour something 
like brandy, which flavour is, however, very apt to fly 
04 aud accordingly experienced manufacturers recom- 
mend the addition of a proper quantity of Glauber’s 
p tn m g spirit* of nitre, to the spirit in the still. By this 
means the liquor comes over impregnated with it, the 
acid is- more intimately mixed and die flavour is re- 
tted. The action of the alkali is thus explained: 
there is a greater attraction* or affinity between the 
nifchW salt and the water than between the water 


and the fepirit, of course the salt combines with the 
water contained in the spirit, and sinks with it to the 
bottom. 

One great object with distillers in this country is a 
method of imitating the foreign spirits, particularly 
brandy and Holland’s gin, it may not therefore be amiss 
to describe the modes adopted in France for the distil- 
lation of spirits from their wines. As brandy is ex- 
tracted from wines, and as these are very different 
according to the grapes from which they are made, we 
may expect that there would be, as experience tells us 
there really is, a considerable difference in the flavour 
of foreign brandies. Every soil and climate, every 
variety of grapes varies with regard to the quantity and 
quality of the spirit extracted from them. Some wines 
are proper for distillation, others not at all so. The 
wines manufactured in Languedoc and Provence afford 
a great deal of brandy by distillation: but those of 
Orleans and Blois afford still larger quantities, but the 
best and what are deemed the highest flavoured brandies, 
are those distilled from grapes that are produced in the 
territories of Cogniac ana Andaye. Hence in every 
public house people are enticed by a notice that the 
best Cogniac brandy is to be had there, whereas they 
probably deal in none that is not manufactured in their 
own neighDourhood. 

Every thing that relates to the distillation of wines 
may be confined or reduced to two principles: 1. To 
communicate an eqoal heat to all the parts of the mass 
of the liquid, aud to appfy to them aU the hCat which 
is disengaged by combustion. 

2. To condense expeditiously and entirely all the 
vapours which arise. 

The construction of the furnace produces the first 
effect. 

The disposition of the grate throws tiie fire-place 
under the anterior half of the diameter of the boiler, 
so that this part receives the direct action of the heat 
of the fire-place ; and as the current of air always tends 
to carry the flame and the heat towards the chimney, 
it strikes in its passage against the other part of the 
bottom of the boiler. 

This same current then rushes into the spiral flue, 
and applies itself to the whole lateral surface of the 
boiler where it spends its heat; so that the liquid is 
enveloped with all the beat that is disengaged from the 
combustible. 

The form of the boiler greatly facilitates the action 
of the fire. Exclusively of the advantages which have 
already been mentioned, the concavity of its bottom 
contributes to augment the effect of the heat by apply- 
ing it to a larger surface. 

To produce the second effect, or to condense expe- 
ditiously the vapours which pass into the worm, nothing 
more is necessary than Mo keep cold water around it. 
For this purpose fresh supplies of water are made to 
enter at the bottom of the worm, and the heated water 
is drawn off from the top. 

When it is possible to have a constant current; the 
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water always keeps at a oool temperature, and the spirit 
exhale? scarcely any smell, because it is highly con- 
densed. 

The distillation of wines has recently received im- 
provement, and such are the advantages of these new 
processes, that the old establishments are no longer 
able to maintain a competition with those which are 
formed on the modern principles. These processes are 
still kept secret by their authors; but they probably 
depend on the apparatus. 

The new apparatus for distilling is a genuine Woulf ’s 
apparatus. It consists of a cauldron fixed in a furnace, 
and a series of circular boilers which communicate with 
each other by means of pipes. The apparatus is ter- 
minated by a worm. 

Wine is put into the cauldron, and into all th6 inter- 
mediate vessels between it and the worm. The neck 
attached to the head of the cauldron plunges into the 
liquor in the first vessel to the depth of ten or twelve 
inches. From the empty part of this first vessel ruus 
a pipe, which plunges into the liquor of the second 
vessel to the same depth as the first. From the second 
issues another pipe that is adapted to the worm, which 
is cooled by the process we have described. When 
the wine contained in the cauldron is healed, the vapours 
which rise from it pass over into the liquid in the first 
vessel, and communicate to it a sufficient degree of 
heat to disengage from it the spirit of wine. These 
vapours of spirit of wine pass into the liquid of the 
second vessel, and effect the volatilization of the 
alcohol which it contains. Thus one moderate fire 
occasions the ebullition of a prodigious quantity of 
wine, distributed in several vessels : and the condensa- 
tion of this large mass of vapours, takes place, as usual, 
in die worm. You may obtain spirit of greater or less 
strength, and procure, at pleasure, any degree of spi- 
rituosity you wish, by taking the produce of the first 
receiver, or of the second, &c. If, instead of employ- 
ing wine you put water into the cauldron, and wine 
into the other vessels, you obtain a milder and more 
pleasant spirit than when you put wine into it. There 
is scarcely any occasion to observe that the water in 
the cauldron must be increased as fast as it decreases 
by evaporation, unless you calculate and determine the 
quantity requisite to complete the evaporation of all the 
fdcobol contained in the wine to be distilled. In the 
contrary case it is easy to replace, by a very simple 
contrivance, the portion of the liquid which evaporates 
from the cauldron, without suspending or retarding the 
distillation. This process is attended with the two- 
fold advantage of considerably diminishing the ex- 
pense of fuel, since it is applied only to a small 
vessel in proportion to the mass of liquid which is 
evaporated, and of extracting more spirit from a given 
quantity of wine, than by the ordinary apparatus. 

The improvements successively made in the process 
of distillation have produced spirits infinitely more mild 
than those obtained by the old processes. The latter 
have an empyreumatic, or burnt taste, but the con- 


sumers, especially in the north of France, were m 
accustomed to it, that for some rime they refused to 
drink the milder and more pleasant tasted spirits, so 
that the distillers were obliged to render them empy- 
reumatic by the admixture of burnt spirits, in order to 
suit their taste. Wine? furnish more or less spirit, ac- 
cording to their degree of spirituosity : a very generous 
wine yields one-third of its weight of spirit. Id 
Languedoc the average produce i? oue-fourth; the wines 
of Bourdeaux yield one-fifth, and those of Burgimdy 
not so much. 

The spirit extracted from old is of better qoahty 
than that obtained from new wines. Saccharine wines 
furnish an excellent spirit. Sour wines yield a spirit of 
very bad quality, on account of the great quantity of 
malic acid, which is almost inseparable from them. 
By diluting the husks of pressed grapes with water, 
and proceeding tp distillation, you obtain a further por- 
tion of spirit, but it is of bad quality. 

In distilling for the purpose of extracting spirits, you 
continue the operation till up more spirit of wine passes 
over, or till the produce ceases to be inflammable. — 
The distiller forms a judgment of the degree of spi- 
rituosity of the liquor which is distilling, by the number 
mid size of the bubbles produced by agitating the liquor, 
and by the longer or shorter time of their duration. 
For this purpose he either pours it from one glass to 
another, letting it fall from a considerable height, or 
he fills a long bottle two-thirds full, and stopping it 
with his thumb, be shakes and strikes it with force 
against the hollow of his hand to form bubbles. 

Various methods for determining the strength of 
spirits have been successively tried and practised: hot 
in the year 1772, Messrs. Poujet and Borie of Cette, 
turned their attention to this subject, and obtained re- 
sults which have furnished commerce with a spirit-gauge 
of such accuracy, as not to produce the least error in 
the estimates which are daily made with it. After 
having made very nice experiments on the proportions 
of water and alcohol, and on the action of the tem- 
perature on the mixture, at every possible degree, they 
adapted the thermometer to the spirit-gauge, and trans- 
ferred to a scale the comparative progress of the real 
spirituosity, together with the effects of the tempera- 
ture, so that their spirit-gauge itself indicates the altera- 
tions made by the temperature. This instrument is 
now the only one employed in commerce in the south 
of France. The use of such an instrument is so neces- 
sary in commerce, that for more than fifteen yean the 
dealers of the south purchased Spanish spirits, which 
varied in the degree of spirituosity, and took no 
further trouble than to raise or reduce them to the 
degree of commerce, merely by adding either spirit ' 
of wine or water, in order to obtain an advantageous 
sale. 

The produce of the distillation of wine is called in 
France Hollands proof spirits. But if yon again sub- 
ject this spirit to distillation, you then obtain a more 
spirituous liquor, which is called three-fifths. In this 
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case three parts of the fiqubr, mixed with . two partrof I 
pure water, form fire parts of spirits, Hollands-proof. I 

With the spiritrgaugeof Messrs. Boiie and Poujet, the ! 
different degrees of spirituosity are very easily ascer- 
tained by means of silver weights of various sizes ^ the 
heaviest is inscribed with the words', Hollands+proof, 
and the lightest three-sevenths. The other weights 
serve to mark the intermediate: degrees. * between these 
two terms. Thus, if you screw to the tend of the 
beam of the spirit-gauge the weight denoting HoHaads- 
proof, and 'plunge it into three-fifths, the instrument 
will descend m the liquid below the degree marked on 
the scale Hollands-proof, but it returns to that point 
on the addition of two-fifths of water, so that: three- 
fifths spirit is thus trandormed into Hollands-proof 
spirit. If, on the contrary, you screw on the three-* 
fifths weight* and plunge the spirit-gauge into Hollands- 
proof, it will rim in the liquor above the latter mark, 
and it may be easily carried down to that degree by the 
addition of alcohol, or spirit of wiue. When spirits 
are distilled for the purpose of extracting alcohol, or 
spirit of wine, the balneum mariae is generally employed. 
The beat is then more gentle and more equal, and the 
produce of the distillation of superior quality. 

Alcohol, or spirit of wine diluted, is used as a be- 
verage. It is the dissolvent of resins, and constitutes 
the basis of drying varnishes. Spirit of wine serves as 
a vehicle for the aromatic principle of plants, and is 
then called spirit of this or that plant. The apothe- 
cary likewise employs spirit of wine to dissolve resinous 
medicines. These dissolutions are denominated tinc- 
tures. It forms the base of almost all the different 
sorts of beverage called liquors. It is sweetened with 
sugar, or rendered aromatic with all kinds of substances 
of an agreeable taste or smell. Spirit of wine pre- 
serves vegetable and animal substances from fermenta- 
tion or putrefaction. To this end it is used for pre- 
serving fruits, vegetables, and almost all the objects 
and preparations relating to the natural history of ani- 
mals. All the, liquors produced by the fermentation of 
saccharine substances, yield alcohol. But the quantity 
and quality vary according to the nature of the sub- 
stances. 

It is chiefly in consequence of the ascent of bodies of 
greater lixity with certain bodies of greater volatility that 
there is so much difficulty here of imitating the foreign 
vinous spirits of other countries, as, for example — 
French brandies, and West-Iudia rums. AH these are 
remarkable by the character of the essential oil that 
ascends With the spirit, and which gives it the peculiar 
flavour by which one spirit differs from another. Now 
we can obtain an essential oil from any of the vegetables 
that furnish these different spirits: but we cannot, as 
we have seen, readily obtain a spirit altogether tasteless, 
and destitute of some sort of essential oil still com- 
bining with it. Could we do this, we could manufac- 
ture to perfection an artificial Cbgniac brandy or Ja- 
maica rum ; but, as w 6 cannot wholly separate the in- 
herent essential oil from the purest and most colourless | 


and most insipid spirit we can obtain, wheivwe add the 
essential oil with which we mean, to flavour it, the union 
of the two oils gives us a. different result, and betrays 
the artifice to those who are acquainted with the taste of 
the genome material. 

In order,, then* to prepare the oil of wine, or of 
the grapes from which French brandies are . distilled, 
which are generally the worst that the country affords ; 
the -best > being selected for: the -process of wine itself, 
aa yielding a -for ampler profit; take some cakes of dry 
wincnlees, dissolve them in six or eight times their 
weight of water,, distil the liquor with a slow fire, and? 
separate the oil, reserving, for only the nicest uses,; 
that which comes over first, the succeeding oil being 1 
coarser and more resinous. Having procured this fibe> 
oil of wine, it may be dissolved in alcohol; by which 
means it may be preserved a long time, fully possessed 
of all its flavour, bat, -otherwise, it will soon grow 
rancid. 

With a fine essential oil of wine, thus procured, aud 
a pure and tasteless spirit, French brandies may be imi- 
tated to some degree of perfection. The essential oil, 
it should be observed, must be drawn from the same 
kiod .of lees as the brandy to be imitated was procured 
from ; that is, in order to imitate Cogniac brandy, it 
will be necessaiy to distil the essential oil from Cogniac 
lees ; and the same for any other kind of brandy. For 
as different brandies have different flavours, and as these 
flavours are entirely owing to the essential oil of the 
grape, it would be ridiculous to endeavour to imitate 
the flavour of Cogniac brandy with an essential oil pro- 
cured from the lees of Bourdeaux wine. When the 
flavour of the brandy is well imitated, other difficulties 
are still behind. The flavour, though the essential part/ 
is not the only one; the colour, the proof, and the 
softness, must also be regarded, before a spirit, that 
perfectly resembles brandy, can be procured. With re- 
gard to the proof, it may be easily accomplished, by 
using a spirit rectified above proof; which, after being 
intimately mixed with the essential oil of wine, may be 
let dowu to a proper standard with fair water; and the 
softness may, in a great measure, be obtained by distil- 
ling and rectifying the spirit with a gentle fire ; and r 
what is wanting of this criterion in the liquor when first 
made, will be supplied by time; for it is time alone 
that gives this property to French brandies, they being, 
at first, acrid, fouli and fiery. But with regard to the 
colour, a particular method is required to imitate it to 
perfection, which may be effected by means of treacle 
or burnt sugar. 

The spirit distilled from molasses or treacle is tole-’ 
rably pure. It is made from common treacle, dissolved' 
in water, and fermented in the same manner as the wash’ 
for the common malt spirit! But if some particular 
art be not used in distilling this Spirit, it will not prove 
so vinous as malt spirit, but less pungent and acrid, 
though otherwise much cleaner-tasted, as its essential 
oil is of a less offensive flavour. Therefore, if good 
fresh wirie-lees, abounding in tartar, 'be* Well fermented 
6 Q 1 1 with 
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with molasses, the spirit will acquire a greater vinosity 
and briskness, and approach nearer to the nature of fo- 
reign spirits. Where the molasses spirit is brought to 
the common proof-strength, if it be found not to have 
a sufficient vinosity, it will be very proper to add some 
dulcified spirit of nitre; and if the spirit be clean 
worked, it may, by this addition only; be made to pass 
for French brandy. Great quantities of this spirit are 
used in adulterating foreign brandy, rum, and arrack. 
Much of it is also used in making cherry-brandy, and 
other cordials, by infusion; but, in them all, many 
persons prefer it to foreign brandies. Molasses, like all 
other spirits, is entirely colourless when first extracted ; 
but rectifiers always give it, as nearly as possible, the 
colour of foreign spirits. 

In a similar manner we may imitate foreign spirits of 
all kinds. Thus, if Jamaica rum be ourbbject, instead 
of French brandy, it will only be necessary to procure 
some of the tops of the sugar-canes, from which an 


essential oil being drawn and mixed with clear molasses 
spirit, will give it the real flavour ; or, at least, a flavour 
as true as a spirit not totally divested of all essential 
flavour of its own can possibly communicate. The 
principal difficulty therefore must still lie in procuring a 
spirit totally, or nearly, free from all flavour of its 
own. 

To rectify their spirit into Holland gin, the Dutch 
distillers add to every twenty gallons of spirit of the 
second extraction, about the strength of proof-epi« 
rit, three pounds of juniper-berries, and tvyo ounces 
of oil of juniper, and distil with a slow fire, till the 
feints begin to ascxnd ; then change the receiving-can. 
This produces the best Rotterdam gin. An inferior 
kind is made with a less proportion of berries, sweet 
fennel-seeds, and Strasburgb turpentine, without a drop 
of juniper-oil. This last is also a better sort, and 
though still inferior to that of Rotterdam, is produced 
in very large quantities at Welsoppc. 


i 


ROPE-MAKING 


Is an art df very great importance, and there are few 
that better deserve the attention of the intelligent ob- 
server, Hardly any trade can be carried on without the 
assistance of the rope-maker. Cordage makes the very 
sinews and muscles of a ship ; and every improvement 
which can be made in its preparation, either in respect 
to strength or pliableness, must be of immense ser- 
vice to the mariner, and to the commerce and defence 
of nations. 

Rope-making has been defined the art of uniting ani- 
mal or vegetable fibres into an aggregate line, so that 
the whole may concur in one joint action, and be em- 
ployed under the forms of string, cord, cable, &c. 
Animat fibres, on account of their expense, are but 
seldom used, but those that are introduced into the em- 
ployment are; obtained either from the intestines or the 
hair. The intestines of sheep and lambs are manufac- 
tured into what is called cat-gut, of different sizes, for 
the use of musical-instruqient-makers ; for watch- 
makers, opticians, cutlers, turners, and a variety of 
other artificers. % The tendrils of the ovary of the 
Squalus caniculf , or dog-fish, are chiefly employed 
in angling, more frequently single than in the combined 
#state, known in the trade by the name of India n-gr ass. 
Animal hair, as that from horses, is had recourse to 
where there is no great friction, and it forms a rope 
or cord much more durable than any that can be ob- 
tained from vegetables: it is impervious to moisture, 


is capable of resisting all weathers, and is extremely 
elastic. 

Hence, it is obvious, that the rope-maker must 
derive his chief material from the vegetable kingdom ; 
which he does from the inner bark of the hemp , or 
C a N N A b i s satira ; or from that of some of the species 
of flax, ot Linum ; that of the L. usitatissimum is 
the most important. The treatment of both these 
plants being nearly the same, we shall describe, as 
nearly as we can, that relating to flax. The plant is 
rather common in most of the temperate parts of Eu- 
rope, flowering in July. The root is annual, fibrous, 
and small ; the stem is erect, rounds smooth, and leafy ; 
the flowers on stalks, erect, and of a sky-blue colour. 
About the eud of August, when the flowers have attained 
their full grow th, and begin to turn yellow at bottom, 
and brown at the top, and their seeds to ripen, it is a 
proper time to pull the plants up. They are dried, 
and threshed ; they are then to be put in water till the 
bark readily separates from the stalk, when they are 
taken out and dried, after which they are in a proper 
state for the purpose of being converted into flax by the 
hackler. We may observe, though not strictly con- 
nected with the subject in hand, that, as from the bark 
of the stalks is manufactured flax or lint, for making of 
all sorts of linen cloth;— from cloth, when worn out, 
we make our paper ; — from the seeds of the plant lin- 
seed oil is expressed ; and, even the refuse, after the oil 
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% is extracted, forms oil-cakes, so valuable in 'fattening a book, but by a master. The degree of twist depends 

• * cattle, sheep, and other live stock. From hemp, how- on the rate of the wheel’s motion, combined with the 
3a ever, treated in a similar way, we have the materials retrograde walk of the spinner. We may suppose him 
=r for cordage, ropes, and cables. Russian hemp is most arrived at the lower end of the walk, or as far as is ne- 
in used, but English hemp, when properly manufactured, cessary for the intended length of his yarn. He calls 

is superior to that introduced from the North. out, and another spinner immediately detaches the yam 

z- The aim of the rope-maker is to unite the strength from the hook of the whirl, and gives it to another who 

« of a great number of fibres, and the first part of his carries it aside to the reel ; and this second spinner 
process is spinning of rope-yams ; that is, twisting the attaches his own hemp to the whirl-hook. In the mean 
t hemp in the first instance. This is done in various time, the first spinner keeps fast hold of the end of his 

* ways, and with different machinery, according to the yam ; for the hemp, being dry, is very elastic, and if 

- nature of the intended cordage. We shall confine our be were to let it go out of his hand, it would instantly 
j description to the manufacture of the larger kinds, such untwist, and become little better than loose hemp. He 
v-. as are used for the standing and running rigging of ships, waits, therefore, till he sees the reeler begin to turn the 

An alley, or walk, is enclosed for the purpose, about reel, and he goes slowly up the walk, keeping the yarn 

two hundred fathoms long, and of a breadth suited to of an equal tightness all the way, till he arrives at the 
r the extent of the manufacture. It is sometimes cover- wheel, where he waits with bis yam in his. hand till an- 
ed above. At the upper end of this rope-walk is set other spinner has finished his yarn. The first spinner 
up the spinning-wheel. The band of the wheel goes takes it off the whirl-hook, joins it to his own, that it 
over several rollers, called whirls, turning on pivots in may follow it on the reel, and begins a new yarn. The 
brass boles. The pivots at one end come through the second part of the process is the conversion of the 
frame, and terminate in little hooks. The wheel, be- yams into what may, with propriety be called a rope, 
rag turned by a winch, gives motion in one direction to cord, or line. That we may have a clear conception 
all the whirls. The spinner has a bundle of dressed of the principfo which regulates this part of the process, 
hemp round his waist, with the two ends meeting be- we shall begin with the simplest possible case — the 
fore him. The hemp is laid in this bundle in the same union of two yams into one line, 

vr ay that women spread the flax on the distaff. There When hemp has beeu split into very fine fibres by the 

is great variety in this; but the general aim is to lay batchel, it becomes exceedingly soft and pliant, and 
the fibres in such a manner, that, as long as the buhdle after it has lam for sometime in the form of fine yam> 
lasts, there may be an equal number of the ends at the it may be unreeled and thrown like flaxen yam, so as to 
extremity, and that a fibre may never offer itself double, make sewing-thread. It is in this way, indeed, that the 
, or in a bight. The spinner draws out a proper number sail-makers’ sewing-thread is manufactured, and when it 
of fibres, twists them with his fingers, and having got has been kept on the reel, or on balls or bobbins, for 
„ a sufficient length detached, he fixes it to the hook of a some time, it retains its twist as well as /its uses require, 
whirl. The wheel is now turned, and the skein is But this is by no means the case with yams spun for 
twisted, becoming wbat is called rope-yam, and the great cordage. The hemp is so elastic, the number of 
, spinner walks backwards down the rope-walk. The fibres twisted together is so great, and the diameter of 

‘ part already twisted, draws alon£ with it more fibres out the yam (which is a sort of lever ou which the elasticity 

of the bundle. The spinner aids this with his fingers, of the fibre exerts itself) is so considerable, that no 
supplying hemp in due proportion, as he walks away keeping will make the fibres retain this constrained po- 
from the wheel, and taking care that the fibres come in sition. 

equally from both sides of his bundle, and that they The end of a rope-yarn being thrown loose, it will 
enter always with their ends, and not by the middle, immediately untwist, and this with considerable force 
which would double them. He should also endeavour and speed. It would, therefore, be a fruitless attempt 
to enter every fibre at the heart of the yam. This will to twist two such yams together ; yet the ingenuity of 
cause all the fibres to mix equally m making it up, and man has contrived to make use of this very tendency to 
will make the work smooth, because one end of each untwist not only to counteract itself, but even to pro- 
fibre is, by this means, buried among the rest, and duce another and a permanent twist, which requires * 

the other end only lies outward ; and this, in passing force to undo it, and which will recover itself when this 

through the grasp of the spinner, who presses'it tight force i9 removed. Every person must recollect that 
with his thumb and palm, is also made to lie smooth, when he has twisted a packthread very hard with his 
A good spinner endeavours always to supply the hemp fingers between his two hands, if he slackens the thread 
in the form of a thin flat skein, with his left hand, by bringing his hands nearer together, the packthread 
while bis right hand is employed in grasping firmly the will immediately curl up, running into loops or kinks, 
yarn that is twining off, and in holding it tight from the and will even twist itself into a neat and firm cord, 
whirl, that it may not run into loops or kinks. It is The component parts of a rope are called strtuufe, and 
evident, that both the arrangement of the fibres, ana the operation of uniting them with a permanent twist is 
the degree of twisting, depend on the skill and dexterity \ called laying or closing, the latter term being chiefly 
of the spinner, and tiiat he must be instructed, not by j appropriated to cables and other very large cordage. 
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The process for laying or closing large cordage is takes up in his hand, such as are slack and draws them 
this; the strands of which the rope is composed consist tight, keeping them so till he reaches the upper end, 
of many yarns* mid require a considerable degree of where he cuts the yams to a length, again adjusts their 
hardening. This cannot be done by a whirl driven by a tightness, and joins them altogether m a knot, to which 
wheel-band ; it requires the power of a crank turned by he fixes the hook of a tackle, the other block of which 
the hand. The strands* when properly hardened, be- is fixed to a fifm post, called the warping-post. The 
come very stiff* and when bent round , the top* are not skein i* well stretched by the tackle, and then separated 
able to transmit force enough ifor laying the heavy and into its different strands.. Each of these is knotted apart 
unpliant jrOpe. which forms beyond it. The elastic at both ends. The knots at their upper ends are made 
twist of the hardened strands must therefore be assisted* fast to the hooks of thf cranks in the tackle-board, and 
by an external force* All this requires, a different ma- those at the lower ends are fastened to the cranks in the 
chiuery and a different process. At the upper end iof sledge. The sledge itself is kept in its place by a 
the walk is fixed up the tackle-board ; this consists -of tackle, by which the strands are again stretched in their 
a strong oaken plank, called a breast-board* having places and every thing adjusted, so that the sledge stands 
three or more holes in it and fitted with brass or iron square on the walk, and then a proper weight is laid 
plates. Into these are put iron cranks called heavers, on it. The tackle is now cast off, and the cranks are 
which have books or forelocks, and keys on the ends turned at both ends in the contrary direction to the 
of their spindles. They are placed at such a dis- twist of the yams (in some kinds of cordage the cranks 
tance from each other, that the workmen do not in- are turned the same way with the spinning twist). By 
terfere w hile turning them round. This breast-board this the strands are twisted and hardened up, and as 
is fixed to the top of stroug posts, well secured by they contract by this operation the sledge is dragged up 
struts or braces facing the lower end of the walk, the walk. When the foreman thinks the strands suffi- 
At the lower end is another breast-hoard fixed to the ciently hardened, which he estimates by the motion of 
upright post of a sledge, which may be loaded with the sledge, he orders the heavers at the cranks to slop, 
stones or other weights. Similar cranks are placed in The middle strand at the 6ledge is taken off from the 
the holes of this breast-board; die whole goes by the crank ; this crank is taken out, and a stronger one put 
name of the sledge. in its place. The other strands are taken off from their 

The top necessary for closing , large cordage is too cranks, and are all joined on the hook which is now in 
heavy to be held in the band, it therefore has a long the middle hole; the top is then placed between the 
staff, which has a truck on the end. This rests on the strands, and being pressed home to the point of their 
ground, but even this is not enough in laying great ca- union, the carnage is placed under it, and it is firmly 
bles, The top must be supported on a carriage, where fixed down; some weight is taken off the sledge. The 
it must lie very steady, and it needs attendance, because heavers now begin to turn at both ends ; those at the 
the master workman has sufficient employment in at- tackle-board continue to turn as they did before, but 
tending to the manner in which the strands close behind the heavers at the sledge turn in the opposite direction 
the top, and in helping them by various methods. The to their former motion, so that the cranks at both ends 
top is therefore fixed to the carriage by lashing its staff are now turning one way. By the motion of the 
to the two upright posts. A piece of soft rope or strap sledge-crank the top is forced away from the knot, 
is attached to the handle of the top by the middle, and and the rope begins, to close. The heaving at the upper 
its two ends are brought back and wrapped several end restores to the strands the twist which they are con- 
times tight round the rope in the direction of its twist, stantly losing by the laying of the rope. The, workmen 
and bound down. This greatly assists the laying of the judge of this by making a chalk mark on die intermedi- 
rope by its friction, which both keeps the top from ate points of the strands, where they lie on the stakes 
flying too far from the point of union of the strands which are set up along the walk for their support. If 
and brings the strands more regularly into their places* the twist of the strand? js diminished by the motion of 
Jliehrst operation is warping the yams. At each end closing they will lengthen, and the chalk mark will 
of the walk are frames called warping frames, which move away from the tackle-board; but if the twist in- 
carry a geeat number of reels, or winches, filled with creases by turning the crauks at the tackle-board, the 
rope-yam. The foreman of , the walk takes off a yarn strands will shorten and the mark will come nearer to 
end, from each, till he has made up the number neces- it. As the closing, of the rope advances the whole 
sary for his rope' or tfrand, and bringing the ends toge- shortens, and the sledge is dragged up the walk. The 
ther, lie passes the whole through an iron ring fixed to top moves faster, and at last reaches the upper end of the 
the top of a stake driven into the ground, and draws walk, the rope being now laid. 

them through; then a knot is tied on the end of the In the mean time, the sledge has moved several fa- 
bundle, and a workman pulls it through this ring tih thorns from the place where it was when the laving be- 
the intended length is drawn off the reels. The end is gan. These motions of the sledge and ton must be 
made £ut at the bottom of the walk, or at the sledge, exactly attested tp each other. The cope must be of a 
and the foreman comes back along the skein of yams, certain length, therefore the sledge must stob at a 
to see that none are hanging slacker than the seat. He certain place. At that moment the rope should be 
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laid ; that is, the top should be at the tackle-board. 
In this consists the address of the foreman. He has his 
attention directed both ways. He looks at the’ strands, 
and when be sees any of them hanging slacker between 
the stakes than the others, he calls to the heavers at the 
tackle-board to heave more upon that strand. He finds 
it more difficult to regulate the motion of the top. It 
requires a considerable force to keep it in the angle 
of the strand s, and it is always disposed to start for- 
ward. To prevent or check this, some straps of soft rope 
are brought round the staff of the top, and then wrapped 
several times round the rope behind the top, and kept 
firmly down by a lanyard, or bandage. This both 
holds back the top, and greatly assists the laying of the 
rope, causing the strands to foil iuto their places, and 
keep close to each other, which is sometimes very diffi- 
cult, especially in ropes composed of more than three 
strands. It will greatly improve the laying the rope, if 
the top has a sharp, smooth, tapering pin of hard 
wood, pointed at die end, projecting so far from the 
middle of its smaller end, that it gets in between the 
strands which are closing. This supports them, and 
makes their closing more gradual and regular. The 
top, its notches, the pin, and the warp, or strap, which 
is lapped round the rope, are all smeared with grease or 
eoap to assist the closing. The foreman judges of the j 
progress of dosing chiefly by his acquaintance with the * 
walk, knowing that when the sledge is a-breast of a I 
certain stake, the top should be a-breast of a certain | 
other stake. When he finds the top too for down die 
walk, he slackens the motion at the tackle-board, and 
makes the men turn briskly at the sledge. By this the 
top is forced up the walk, and the laying of the rope 
accelerates, while the sledge remains in the same place, 
because the strands are losing their twist, and are 
lengthening, while the closed rope is shortening. When, 
on the other hand, he thinks the top too for advanced, 
and fears- that it will be at the head of the walk before 
the sledge has got to its proper place, he makes the 
men heave briskly on the strands, and the heavers at the 
sledge crank work softly. This auickens die motion of . 
the sledge by shortening the strands ; and by thus com- 
pensating what has been over-done, the sledge and top I 
come to their places at once, and the work appears to 
answer the intention. When the top approaches the 
tackle-board, the heaving at the sledge could not cause 
the strands immediately behind the top to close well, 
without having previously produced an extravagant de- 
gree of twist m the intermediate rope. The effort of 
the crank must, therefore, be assisted by men stationed 
along the rope, each furnished with a tool called a 
woolder. This is a stout oaken stick, about three feet 
long, having a strap of soft rope-yarn, dr cordage, fast- 
ened on its middle or end. Tne strap is wrapped round 
the laid rope, and the workman works with the stick 
as a lever, twisting the rope routid in the direction of 
tbe crank’s motion. The woolders should keep their 
eye on the men at ^ the (yank, and make their motion 
correspond with his/ Thus they send forward the twist 


produced by (he crank, without either increasing o t dimi- 
nishing it, in that part of the rope which lies between 
them and the sledge. Such is the general and essential 
process of rope-making. The fibres of hemp are twisted 
into yarns, that they may make a line of any length, and 
stick among each other with a force equal to their own 
cohesiou. The yarns are made into cords of permanent 
twist by laying them ; and that we may have a rope of 
any degree of strength, many yams are united in one 
strand, for the same reason that many fibres were 
united in one yam ; and iu the course of this process it 
is in our power to give the rope a solidity and hardness 
which make it less penetrable by water, which would 
rot it in a short while. Some of these purposes are in- 
consistent with others; and the skill of a rope-maker 
lies in making the best compensation, so that the rope 
may, on the whole, be the best in point of strength, 
pliancy, and duration, that the quantity of hemp in it 
can produce. The following rule for judging of the ^ 
weight which a rope will bear is not for from the truth. 

It supposes them rather too strong ; but it is so easily 
remembered, that it may be of use. Multiply the cir- 
cumference in inches by itself, and take the fifth part of 
the product, it will express the tons which the rope will 
carry. Thus, if the rope has six inches circumference, 

6 times 6 is 56, the fifth of which is 7y tons. 

It is usual in cables, and in other cases, to have re- 
course to the operation of tarring. This is often done 
in the state of twine or yam, as being the best mode by 
W'hich die hemp can be uniformly penetrated. The 
yam is made to wind off from one reel, and having 
passed through a vessel of liquid hot tar, is wound on 
another reel ; the superfluous tar is taken off by passing 
through a hole surrounded with oakum : or, it is some- 
times tarred in skeins, which are drawn by a capetera 
through a tar-kettle, and a hole formed by two plates of 
metal, held together by a lever, loaded with a weight 
There is this peculiarity to be noticed — tarred cordage 
is weaken when new, than white, and the difference 
increases by the keeping. From some very accurate 
experiments made more than half a century ago, it was 
found, that on newly-made cordage, the white was one- 
eighth stronger than that which was tarred, that, at tbe 
expiration of thirteen months, the difference in favour 
of the new was almost one-fourth : and, in about three 
years and a half, the difference was as 29 to 18. 
From these, and other experiments, it was ascertained, 
1. That white cordage in continual service is one-third 
more durable than that which is subjected to the opera- 
tion of tarring. 2. That it retains its strength much 
longer while kept in the warehouse. 3. That it resists 
the ordinary injuries of the weather one-fourth longer. 
It may then be asked, Why is tar ever used by the 
rope-maker? Beeause white cordage, when exposed 
to be alternately very wet and dry, is weaker than that 
which is tarred, and to this cables and ground-tackle are 
continually subjected. It has also been pretty well ascer- 
tained, that cordage which is only superficially tan-fed, is 
constantly stronger than that which is tarred throughout. 
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Before we conclude this article, we may notice Mr. 
Chapman’s method of making ropfes and Cordage, for 
which he obtained, some years since, His Majesty’s 
letters patent. The specification may be found ih the 
ninth volume of the First 9eries of the Repertory, it 
it being too long to be admitted in our Work r the fol- 
lowing is, however, an outline of the whole 

Rope-yarns are spurt either by hand, or by machi- 
nery : in the practice of the first method rope-walks 
are necessary, and the fibres of the hemp are drawn 
Soto* die yarn of different lengths proportionate in a 
given degree to their position on the outside or inside 
rtf the yarn ; accordingly, when this yarn is strained 
and its diameter collapses, the inside fibres of hemp 
bear the greatest strain, and thus they break progres- 
sively from the inside. 

In the spinning by a mill the fibres are all brought 
forward m a position parallel to each other, previously 
to their receiving their twist, lliey are consequently 
all of one length ; and, when twisted, the outside fibres 
are most shortened by forming the same number of 
spirals round a greater axis than the interior, and thns 
they must consequently break die first, on the same 
principle that the outside yams of strands of ropes 
manufactured in the old method break before the inte- 
rior yams ; and consequently with less strain than ropes 
of the improved principle, where the strands (or im- 
mediate component parts of thfe rope) have been formed 
in such a manner as that all the yams shall bear equally 
at the time of the rope’s breaking. 

Nevertheless, yarns spun by a mill have been found 
stronger than common yams, on account of the great 
evenness with which they are spun ; the manual labour 
in manufacturing is rtirtcn less than in the common me- 
thod : but on the other hand there is the expense of 
machinery, and the greater waste of hemp in preparing 
it for being drawn out in the progressive stages of its 
advance to the spindle. 

The method invented by Mr. Chapman differs from 
both the preceding, in causing, by an easy and simple 


contrivance, the fibres of the hemp to be laid m 
the yam hi such a manner as the yarns themselves are 
laid m the strands of the rope manufactured on the new 
principle. 

The machinery consists only of a spindle divided 
into two parts, the upper containing apparatus to draw 
forward tne hemp from the spinner with twist sufficient 
to combine the fibres ; which enables him to employ 
women, children, and invalids, and also to appropriate 
the rope- ground solely to die purpose of laying ropes. 

The remaining parts of their invention consist chiefly 
in the giving from a stationary power internal motion 
to a loco-motive machine, viz. to the roper’s sledge, on 
which the strands and the rope itself are twisted, by 
which contrivance they are enabled to apply a water- 
wheel or steam-engine to the whole process of making 
ropes of all kinds whatever. 

Mr. Huddart likewise obtained a patent for an im- 
proved method of registering or forming strands in* the 
machinery for manufacturing of cordage; which he 
effects in the following manner. 1. By keeping the 
yarns separate from each other, and drawing them from 
bobbins which revolve, to keep up the twist whilst the 
strand is forming. 2. By passing them through a re- 
gister, which divides them by circular shells of holes ; 
the number in each shell being agreeable to the distance 
from the centre of the strand, and the angle which the 
yarns make faith a line parallel to it, and which gives 
them a proper position to enter. 3. A cylindrical tube 
which compresses the strand, and maintains a cylindrical 
| figure to its surface. 4* A gauge to determine the 
angle which the yarns in the outside shall make with a 
line parallel to the centre of the strand when register- 
ing ; and, according to the angle made by the yams m 
this shell, the length of all the yams in the strand will 
be determined. 5. By hardening up the strand, and 
thereby increasing the angle in the outside shell, which 
compensates for the stretching of the yams and the 
compression of the straud. 
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This is a distinct business from the trades, in which, | 
however, the. saw is not only a very useful, but neces- 
sary implement, such as those of the carpenter, cabi- 
net-maker, cooper, 8tc. 

The saw is an instrument which serves to cut into 
pieces several solid matters; as wood, stone, ivory, &c. 
The best saws are of tempered steel, ground bright and 
smooth; those of iron are only hammer-hardened, 


hence, the first, besides their being stifFer, are likewise 
found smoother than the last. They are known to be 
well hammered by the stiff bending of the blade ; and 
to be wdl and evenly ground, by their bending equally 
in a bow. The edge in which are the teeth is always 
thicker than the back, because the back is to follow the 
edge. The teeth are cut and sharpened with a trian- 
gular file, the blade of the saw being first fixed in a 
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abetting-block. After they have been filed, the teeth 
are set, that is, turned out of the right line, that they 
Itoay make the kerf, or fissure, the wider, that the back 
may follow the better. The teeth are always set ranker 
for coarse cheap stuff than for hard and fine, because 
the ranker the teeth are set, the more stuff is lost in 
the kerf. The saws, by which marble and other stones 
we cut, have no teeth : these are generally very large, 
and are stretched out and held even by a frame. 

The lapidaries, too, have their saw, as well as the 
workmen in mosaic ; but of all mechanics, none have 
so many saws as the joiners : the chief are as fol- 
lows. — 

TTie pit-saw, which is a large two-handed saw, 
used to saw timber in pits ; this is chiefly used by the 
sawyers. 

The whip-saw , which is also two-handed, used in 
sawing such large pieces of stuff as the hand-saw will 
not easily reach. 

The hand-saw , which is made for a single man’s 
use, of which there are various kinds ; as the bow, or 
frame saw, which is furnished with cheeks: by the 
twisted cords which pass from the upper parts of these 
cheeks, and the tongue in the middle 6f them, the 
upper ends are drawn closer together, and the lower set 
further apart. 

The tenon-saw, which being very thin, has a back to 
keep it from bending. 

The compass-saw , which is very small, and its teeth 
usually not set ; its use is to cut a round, or any other 
compass-kerf: hence the edge is made broad, and the 
back thin, that it may have a compass to turn in. 

The surgeons use & saw to cut off bones : this should 
be very small and light, in order to be managed with 
tbe greater ease and freedom, the blade exceedingly 
fine, and the teeth exquisitely sharpened, to make its 
way more gently, and yet with great expedition, in cut- 
ting off legs, arms, &c. 

Saws are now generally used by butchers in sepa- 
rating the bones of the meat : the divisions by the saw 
are neater than those by the chopper, and there is a 
certain saving, a9 the chopper splinters bones, the parts 
of which cannot be included in the weight. 

The pit-saw , is that which is chiefly used in the em- 
ployment properly denominated sawing. The teeth are 
set rank for coarse work, so as to make a fissure of 
about a quarter of an inch. To perform the work, the 
timber is laid on a frame over an oblong pit, called the 
saw-pit ; and it is cut by means of a long saw fastened in 
a frame, which is worked up and down by two men, the 
one standing on the wood to be cut, and the other in the 
pit. As they proceed in their work they drive wedges, 
at proper distances from the saw, to keep the fissure 
open, which enables the taw to move with freedom. 
This, though a profitable, is a very laborious employ- 
ment and hence have been introduced saw-mills, which, 
in different counti ies are worked by different means, as 
by men, by horses, by water, by wind, or by steam. * 

A saw~mill f worked by men, consists of several pa- 


rallel saws, which are made to rise and fall perpendicu- 
larly by means of mechanical motion. In this case a 
Very few hands are necessary to cany on the operation, 
to push forward the pieces of timber, which are either 
laid on rollers, or suspended by ropes, in proportion as 
the sawing advances. We shall, however, give a more 
detailed account of the saw-mills, as used in various 
parts of the w’orld. Tbe history of the invention of 
sawing is curious, and may be inserted. 

In early periods of society, the trunks of trees were 
split with wedges, into as many, and a9 thin pieces as 
possible ; and if it was necessary to have them still 
thinner, they were hewn, by some sharp instrument, on 
both sides, to the proper size. This simple but waste- 
ful manner of making boards has been still continued 
in some places, to the present time. Peter the Great, 
of Russia, endeavoured to put a stop to it, by forbid- 
ding hewn deals to be transported on the river Neva. 

The wood-splitters perform their work more expediti- 
ously than sawyers, and split timber is much stronger 
than that which has been sawn ; for tbe fissure follows 
the grain of the wood, and leaves it whole; whereas 
the saw, which proceeds in the line chalked out for it, 
divides the fibres, and by these means lessens its cohe- 
sion and strength. Split timber, indeed, turns out 
often crooked and warped ; but, in many purposes to 
which it is applied, this is by no means prejudicial ; and 
the fault may, sometimes, be amended. As the fibres, 
however, retain their natural length and direction, thin 
boards, particularly, can be bent much better. This is 
a great advantage in making pipe-staves, and in forming 
various implements of the like kind. 

Our common saw, which needs only to be guided by 
the hand of the workman, however simple it may be, - 
was not known to the inhabitants of America when they 
were subdued by the Europeans. The inventor of this 
instrument has, by the Greeks, been inserted in their 
mythology, with a place among those whom they have 
honoured as the greatest benefactors of the earliest ages. 

By some, he is called Talus, and, by others, Perdix. 
Pliny ascribes the invention to D&dalus ; but Hardouin, ' 
in the passage where he doe9 so, reads Talus rather 
than Didalus. Diodorus Siculus, Apollodorus, and 
others, name the inventor Talus. He was the son of 
Dxdalus’s sister ; and was, by his mother, placed under 
the tuition of her brother, to be instructed in his art. 
Having, it is said, once found the jaw-bone of a snake, 
he employed it to cut through a small piece of wood ; 
and, by these means, was induced to form a like instru- 
ment of iron, that is, a saw\ This' invention, which 
greatly facilitates labour, excited the envy of his master, 
and instigated him to put Talus to death privately. 

We are told, that, being asked, when he was burying 
the body, what he was depositing in the earth, he re- 
plied, u A serpent.” This suspicious answer disco- 
vered the murder ; aud thus, adds the historian, a snake 
was the Cause of the invention, of tbe murder, and of 
its being found out. 

The saws of the Grecian carpenters had the same 
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Digitized by ooQie 



524 SAWING. 


form, and were made in the like ingenious raanneras ' 
ours are at present. This is fully shewn, by a painting 
still preserved among the antiquities of Herculaneum. 
Two. genii are represented at the end of a bench, 
which consists of a long table that rests upon two foiir- 
footed stools. The piece of wood which is to be sawn 
through is secured by cramps. The saw, with which 
the genii are at work, has a perfect resemblance to our 
frame-saw. It consists of a square frame, having, in 
the middle, a blade, the teeth of which stand perpen- 
dicularly to the plane of the frame. The piece of wood 
which is to be sawn extends beyond the end of the 
bench, and one of the workmen appears standing, and 
the other sitting on the ground. The arms, in which 
the blade is fastened, have the same form as that given 
to them at present. In the bench are seen holes, in 
which the cramps that hold the , timber are struck. 
They are shaped like the figure 7 ; and the ends of them 
reach below the boards that form the top of it. 

The most beneficial and ingenious improvement of 
this instrument was, without doubt, the invention of 
saw-mills; which are now generally driven either by 
steam, by water, or by the wind. Mills of the first 
kind were erected so early as the fourth century, in 
Germany, on the small river Roeur or Rucr, for though 
Ausonius speaks of water-mills for cutting stone, and 
not timber, it cannot be doubted that these were in- 
vented later than mills for cutting out deals, or that both 
kinds were erected at the same time. Pliny conjectures 
that the mill for cutting stone was invented in Caria ; 
at least he knew no buildiug incrusted with marble of 
greater antiquity than the palace of king Mausolus, at 
Halicarnassus. . This edifice is celebrated by Vitru- 
. vius, for the beauty of its marble ; and Pliny gives an 
account of the different kipds of sand used for cutting 
it ; for it is the sand, he says, and not the saw, which 
produces that effect. The latter presses down the for- 
mer, and rubs it against the marble ; and the coarser 
the sand is, the longer will be the time required to 
polish the marble which has been cut by it. Notwith- 
standing these facts, there is no account in any of the 
Greek or Roman writers of a mill for sawing wood ; 
and as the writers of modem times speak of saw-mills 
as new and uncommon, it would seem that the oldest 
construction of them has been lost, or that some im- 
portant improvement has made them appear entirely 
new. 

Becher says, that saw-mills were invented in the se- 
venteenth century. In this he erred, for when settlers 
were conveyed to the island of Madeira, which was dis- 
covered in 1420, saw-mills were erected also, for the 
purpose of sawing, into planks, the various species of 
excellent timber with which the island abounded, and 
which were afterwards transported to Portugal. About 
the year 1427, the city of Breslau had a saw-mill, 
which produced a yearly rent of three marks ; and, in 
1490, the magistrates of Erfurt purchased a forest, in 
which they caused a saw-mill to be erected, and they 
rented another mill in the neighbourhood besides. Nor- 


way, which is covered with forests, had the first saw- 
mill about the year i 530. This mode of manufacturing 
timber was called the i\evv art; and because the ex- 
portation of deals was by these means increased, that 
circumstance gave occasion to the deal-tithe, introduced 
by Christian III. in the year 1545. Soon after, the 
celebrated Henry Canzau caused the first mill of this 
kind to be built in Holstein. In 1552 there was ^ 
saw-mill at Joachimsthal, which, as we are told, be- 
longed to Jacob Geuscn, mathematician. In the year 
1555 the bishop of Ely, ambassador from Mary queen 
of England to the court of Rome, having seen a saw- 
mill in the neighbourhood of Lyons, the writer of his 
travels thought it worthy of a particular description. 
In the sixteenth century, however, there were mills with 
different saw-blades, by which a plank could be cut 
into several deals at the same time. The first saw-mill 
was erected in Holland at Saardam, in the year 1596; 
and the invention of it is ascribed to Cornelius Cor- 
nelissen. Perhaps be was the first person who built a 
saw-mill at that place, which is a village of great trade, 
and has still a great many saw-mills, though the num- 
ber of them is becoming daily less ; for within the last 
thirty years a hundred have been given up. The first 
mill of this kind in Sweden was erected in the year 
1653. At present, that kingdom possesses the largest 
perhaps ever constructed in Europe, where a water- 
wheel, twelve feet broad, drives at the same time 
seventy-two saws. 

In England saw-mills had at first the same fate that 
printing had in Turkey, the ribbon-loom in the domi- 
nions of the church, and the crane at Strasburg. When 
attempts were made to introduce them, they were vio- 
lently opposed, because it w f as apprehended that the 
sawyers would be deprived by them of their means of 
getting a subsistence. For this reason, it was found 
necessary to abandon a saw-mill erected by a Dutch- 
man near London, in 1663; and in the year 17Ck), 
when one Houghton laid before the nation the advan- 
tages of such a mill, he expressed his apprehension that 
it might excite the rage of the populace. What he 
dreaded was actually the case in 1767 or 1768, when 
an opulent timber-merchant, by the desire and appro- 
bation of the Society of Arts, caused a saw-mill, driven 
by wind, to be erected at Limehouse, under the direc- 
tion of James Hansfield, who had learned, in Holland 
and Norway, the art of constructing and managing 
machines of that kind. A mob assembled, and pulled 
the mill to pieces ; but the damage was made good by 
the nation, and some of the rioters were punished. A 
new mill was afterwards erected, which was suffered to 
work without any molestation, and which gave occasion 
to the erection of others. It appears, however, that 
this w as not the only mill of the kind then in Britain ; 
for one driven also by wind had been built at Leith, in 
Scotland,, some years before. 

SaW'mills, as they are now constructed, are of two 
kinds, according as the saws employed effect their opera- 
tion by a circular or by a reciprocating motion. Cir- 
cular 
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tailar saw-milk are the; most simple in their construc- 
tion. Mr. George Smart, at his manufactory for hollow 
masts, on the Surrey side of Westminster Bridge, has 
several of these. In one of the simplest, a wheel is 
turned by a horse, which gives motion to a pinion on a 
horizontal shaft ; a spur-wheel is fixed on the shaft, and 
earns a pinion on another horizontal shaft, on which a 
.wheel is fixed in the room above the machine, and the 
bearings for the gudgeons of the shaft are supported on 
the joists of the floor: by means of an endless strap 
passing round this wheel, and round a pulley on the 
spindle of the circular saw, a rapid motion is given to 
the saw : it infixed on its spindle by a shoulder, against 
which it is held by another moveable shoulder pressed 
light by a nut, on the end of the spindles which is tapped 
into a screw to receive it. The saw has a circular hole 
through the middle, fitting tight upon the spindle, so 
us to cause them to turn together. 

; The ends of the spindle are pointed, and that point 
be&est the saw works in a bole made in the end of a 
screw, screwed in a bench of stout planks, and well 
braced together; the other turns in a similar screw 
passed through a cross beam mortised between two 
vertical beams extending from the floor to the ceiling : 
one of the beams can be raised or lowered in its mor- 
tises by wedges put both above and below its tenons. 
In order to adjust the plane of the saw to the plane 
of the_ bench, there is a long parallel ruler, which 
can, be set at any distance from the saw, and fixed 
by .means of screws going through circular grooves 
cut through the bench. In using the machine, the 
ruler is to be set the proper distance from the saw 
of the' piece of wood to be cut, and as the saw turns 
round, a workman slides the end of a piece of wood 
to it, keeping its edge against the guide or ruler, 
that it may cut straight. We have witnessed the 
operation, which is as neat as it is expeditious and 
ingenious. 

* When the saw requires sharpening, one of the screws 
at the end of its spindle must be turned back : the 
spindle and saw can be then removed, and may be fixed 
in a common vice to whet it, in the same manner as a 
common saw ; the outsides of the teeth are not filed 
to leave a- surface perpendicular to the plane of the 
saw, but inclined to it, and in the same direction that 
each tooth so filed is bent in the setting: by this means, 
the saw, when cutting, first takes away the wood at the 
two sides of the kerf, leaving a ridge in the middle of 
it, the use of which is to keep the saw steady in a right 
line, that it may not have a tendency to get out of the 
straight line in any place where the wood is harder at 
one side than on the other. 

The most important machinery of this kind that we 
have seen is, unquestionably, at Portsmouth, for the 
manufacturing of ships’ blocks ; a full account of the 
.machines is given in Dr. Rees’s most valuable New 
Cyclopaedia, to which we refer our readers, and from 
which we shall extract a brief description of one or 
two of the saws. 


*** 

“ The great crom-cutting Saw . — The tree subjected 
to the action of this machine is placed on a long frame 
or bench raised a little from the floor, and at die end 
of it is erected a frame, composed of vertical posts 
and cross timber, in the manner of a small and low 
door-way: through this frame the end of the tree is 
drawn by the capstan above-mentioned, its end project- 
ing as much from the surface of the frame as is intended 
to be cut off ; and it is fastened in the frame from roll- 
ing sideways, by a lever, which can be readily made 
to press upon it and hold it down. The saw itself is 
a straight blade, fixed into a wooden handle or pole at 
each end, to lengthen it : one of these haudles is con- 
nected by a joint to the upper end of a lever, bent like 
an L, and having its centre beneath the floor : the hori- 
2 ontal arm of die lever is connected by a spear rod, 
with a crank on the end of a spindle near the ceiling of 
the room, the motion of which is regulated by a fly- 
wheel. By this means the saw has a reciprocating 
motion from right to left, nearly in a horizontal posi- 
tion, and exactly across the log it is to cut off, imitating 
in its motion the carpenter’s hand-saw, considering his 
arm as the arm of the bent or L lever. The teeth of 
the saw are of course on the lower side of the blade, 
and are sloped so as to cut in drawing towards the lever. 
It rises and falls freely upon its joint at the end of the 
lever, and can be lifted up by the handle, at the op- 
posite end of* the blade, to take it off its work, which 
it follows up by its own weight. The machine being 
at rest, is prepared for work, by fixing the log in 
the frame as before mentioned, so that the surface 
of the frame intersects the log at the place where 
it is intended to be cross-cut. The saw, which was 
before lifted up by its handle, to be clear above 
the log, is now suffered to rest upon it, in the place 
where the cut is to be made ; and to guide it at first 
setting in, the back of the saw is received in a saw kerf, 
made in the end of a piece of board, which is attached 
to tbe frame over the saw, but slides up and down in 
a groove to reach the saw at any height, according 
to the thickness of the log lying beneath it. Being thus 
prepaid, the machine is put in action by a rope or 
strap which turns th£ fly-wheel and its crank. This 
giving a vibration to the bent or L lever, causes the 
saw to reciprocate horizontally across the tree, until it 
cuts it through : it follows up its cut by its own weight . 
alone, but the attendant can at anytime lift up the 
saw from its work, though its motion continues, by 
means of a rope which suspends the handle of the saw 
when required. As the saw gets into the tree it quits 
the guide above-mentioned, which becomes the less 
necessary as the sa,w goes deeper; a saw having no 
tendency to alter its first course, when cutting across 
the gram of the wood. We admire the simplicity of 
this machine, which nevertheless executes its work' 
with much accuracy and expedition. It might be 
very usefully employed in many situations where great 
manual labour is spent in cross-cutting large logs of 
timber. 

6 S “The 


Digitized by ooQie 



SHOT-MAKING. 


* The crm-eutting circular Jotf.— This machine is 
for similar purposes, and stands close by the former. 
It is a circular saw, whose spindle is so mounted, as 
to move in any direction parallel to itself; the saw all 
the while continuing in the same plane, md revolving 
rapidly upon its axis, cuts the wood it is presented to, 
and as it admits of being applied at first on one side, 
and then on another side of the tree, a saw of mo- 
derate dimensions will be sufficient to divide larger trees, 
than could otherwise be done by it 

u The great reciprocating saw for cutting up treek 
lengthwise . — In this machine the saw works vertically : 
it has an horizontal carriage, on which the timber is 
fastened; this passes through a vertical frame with 
grooves, in which another frame slides up and down in 
die manner of a window-sash, and has the saw stretched 
in it. The SaW-fraine is moved up and down by means 
of a crank on an axis beneath the door, which is turned 
by means of an endless rbpe. At every time the saw 
rises and falls, it turns a ratchet-wheel round, by means 
of a click, a few teeth ; and this has on its axis a pinion, 
working a rack attached to the carriage of the tree, 
which by this means is advanced : at every stroke, the 
saw makes a proper quantity for another cut. The 
saw-frame is adapted to hold several saws parallel to 
each other, for sawing a tree into several boards at 
once, when required.” 

Saw-mills, for cutting blocks of stone, are generally 
moved horizontally. When a completely cylindrical pil- 
lar is to be cut out of one block of stone, the first thing 
will be to ascertain in the block the position of the axis 
of the cylinder : then lay the block so fliot such axis shall 
be parallel to the horizon, and let a cylindrical hole of 
from one to two indies diameter be bored entirely 
through it. Let an iron bar, whose diameter is rafthei 
less than that of this tube, be put through it, having 
just room to slide freely to and fro as occasion may re- 
quire. Each end of this bar should terminate in a 
screw, on which a nut and frame may be fastened 
The nut-frame should carry three flat pieces of wood or 
iron, each having a slit running along its middle nearly 
from one end to the other, and a screw and handle 
must be adapted to each slit; by these means the 
frame-work at each end of the bar may readily be so 
adjusted as to form equal isosceles or equilateral trian- 


gles ; the iron bar will connect two correspooffiqg angles 
of these triangles, the saw to be used two other cor- 
responding angles, and another bar of iron, or of 
wood, the two remaining angles, to give sufficient stren g th 
to the whole frame. This construction, it is obvious, 
will enable die workmen to place the saw at any pro- 
posed distance from the hole drilled through die middle 
of the block ; and then, by giving the alterMtog mo- 
tion to die saw-frame, the cylinder may at length be 
cat from the block, as required. This method was 
first pointed out id the collection of machines approved 
by the Paris academy. 

If h were proposed to saw a conic frustrum from 
such a block, then let two frames of wood or iron be 
fixed to those parallel ends of the block which are in- 
tended to coincide with the bases of the frustum, cir- 
cular grooves being previously cut in these frames to 
correspond with the circumferences of die two ends of 
the proposed frustum ; the saw being worked m these 
grooves will manifestly cut the conic surface from the 
block. This is the contrivance of Sir Geotge Wright. 

The best method of drilling the hole through the 
middle of the proposed cylinder seems to be this : — On 
a carriage, running upon four low wheels, let two ver- 
tical pieces (each having a hole just large enough to 
admit the borer to play freely) be fixed two or three 
feet asunder, and so contrived, that the pieces and 
holes to receive the borer may, by screws, &c., he 
raised or lowered at pleasure, while die borer is pre- 
vented from sliding to and fro by shoulders upon its 
bar, which are larger than the holes m the vertical 
pieces, and which, as the borer revolves, press agonist 
those pieces. Let a part of the boring-bar between tbs 
two vertical pieces be square, and a grooved wheel 
with a square hole of a suitable size be placed upon 
this part of the bar ; then the mtatory motion may be 
given to the bar by an endless band which shall paw 
over this grooved wheel and a wheel of a much larger 
diameter in the same plane, the latter wheel being 
turned by a winch handle in the usual way. As the 
boring proceeds, the carriage with the borer may be 
brought nearer and nearer the block, by levers and 
weights, in the same manner as is described under the 
article Pip&-Makino. 


SHOT-MAKING. 


Shot, a denomination given to all sorts of balls for 
fire-arms ; those for cannon being of iron, and those 
for guns, pistols, &c. of lead. The manufacture of 
common fowling leading shot consists merely in causing 


the fused metal to fall in equal spherical drops into 
water. I ne lead is melted with the addition of a 

proportion of arsenic, which, being reduced to a me- 
tallic state, by means of grease stirred ia during the 

* fusion, 
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fission, renders it less Avid. An oblong shallow vessel 
of iron, perhaps, ten inches wide, fourteen long, and 
two and a half deep, called a card, whose bottom is 
jnerced with holes proportionate to the intended size of 
the shot, is placed at the height of from one to three 
inches, over the surface of a tub of water, covered 
with a thin film of oil. The card is previously heated 
to the temperature of the metal, by immerging it in the 
Caldron ; and a stratum of soft dross or scorite, which 
is found on the surface of the fused alloy, is then placed 
Onita perforated bottom, and being slightly pressed down 
with the ladle, forms a kind of filter, which partly 
chokes up the apertures, and prevents the metal from 
flowing through them in continuous streams. The fused 
metal h then poured by ladle-fiills into this vessel, and ap- 
pears, notwithstanding, to run through it with consider- 
able velocity ; so that k seems difficult to believe that it 
falls in separate drops, till convinced by taking up a 
quantity of shot from dm bottom of the water. 

The shot thus made is not without considerable im- 
perfections. Tim exterior coat of the lower part of the 
drop becoming suddenly fixed by the contact of the 
water, its superior portion, which is still liquid, as it 
also cook and contracts, necessarily pits, like the sur- 
face of metal m the channel of a mould, so that the 
greater part of the shot are somew hat hollow, and of 
an irregular farm ; consequently too light for the pur- 
pose to which they are destined, and liable to unequal 
resistance in their passage through the air. These de- 
fects are remedied in the patent-shot, the manufacture 
of which differs only from that of the preceding kind in 
the addition of a larger portion of arsenic, which varies 
according to the quality of the lead ; in dropping it from 


m 

such a height that it becomes solid before it enters the 
water, which is from forty to one hunched feet ; and, in 
some subsequent operations, which are as follows ; — It 
is first dried and sifted. It is then boarded, which 
consists in scattering it on several polished slabs or 
trays of hard wood, with rims, in the form of a II, 
except that the sides converge towards the lower part, 
to which a slight inclination and alternate motion in 
their own planes are giveo by boys employed in the ma- 
nufacture. The shot, whose form is imperfect, are 
detected by the sluggishness of their motion, and re- 
main behind, whilst the others roll off from die board. 
The last operation is the polishing ; which is performed 
by agitating it with the addition of a very small quan- 
tity of black lead, not exceeding twd spoonfuls to a 
ton, in an iron vessel, turning on an horizontal axis like 
a butter churn. It does not appear that any higher de* 
gree of perfection than that which is thus attained re-* 
mains to be desired. The argentine brilliancy of the shot 
when newly, made, the beautiful accuracy of its form, 
and the curious instance of inanimate tactics which it 
presents when scattered on a plate, render it even an 
agreeable object of contemplation. 

Patent milled shot is thus made : — Sheets of lead, 
whose thickness corresponds with the size of the shot 
required, are cut into small pieces, or cubes, in die 
form of a die. A great quantity of these little cubes 
are put into a large hollow cylinder which is mounted 
horizontally and turned by a winch, when, by their 
friction against one another, they are rendered perfectly 
round and very smooth. There are other patent ahot 
cast in moulds, in the same way as bullets are. 


SLATING. 


Slating is employed, in architecture, in sundry 
ways, - the principal of which refers to the covering of 
the roofs of buildings, but such has been lately the per- 
fection of working in slate, that it is now wrought and 
fitted into many useful utensils, as well as made up into 
balconies, chimney-pieces, casings to walls, skirtings, 
stair-cases. Sic. &c. 

Tire slate, principally in use in London, is brought 
from Wales, taken from out of quarries, which are 
worked on the Lord Penhryn’s estate at Bangor, in 
Caernarvonshire, and it is from thence forwarded to all 
parts of the United Kingdom. There are also in use 
some other kinds of slate, the best sort of which is 
hfooght from Kendal, in Westmoreland, and is called 


Westmoreland slate. These slates are of a fine pale 
bluish-green colour, and are most esteemed of any by 
the architects. They are not of a large size, but they 
are of good substance, and well calculated to give a neat 
appearance to the roof on which they may be placed. 

| The slate brought frota Scotland is nearly similar in 
1 both size and quality to a slate from Wales, called 
, Ladies , from which circumstance they are very little 
sought after. 

| The French alates were very much in use about 
i seventy years since. They are small in size, most 
I commonly not larger than the Welsh doubles, exces- 
! sively thin, and, consequently, light ; but thin compo- 
sition has been found not to be well adapted to this 

climate. 
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climate, where there is an atmosphere containing an 
excess of moisture. By analysis, this slate is ascer- 
tained to contain ^ of manganese, besides other mat- 
ters, such as iron, 8tc., the excessive affinity of which 
for oxygen soon shivers the stony portion of the slate 
into atoms, when employed as a covering to buildings 
, in this countiy. The writer of this article has seen 
alates of this kind on a roof reduced to the state of 
powder, having become so by exposure, and appeared 
to be completely decomposed. < 

Of the Pitch of a Roof — This, in as far as the 
elevation of the rafters is to be considered, is found to 
vary in different climates. In Italy, and all the southern 
parts of Europe, it is made generally less than one fourth 
of the span or breadth. In England, it was formerly 
threefourthsy but it is now made to approach much 
nearer to the Italian proportion. In northern climates, 
a steep roof is required, on account of the great falls of 
snow to which they are liable, and which greatly in- 
crease the lateral thrust of the rafters. For, the hori- 
zontal force exerted by a roof, if it be considered with 
reference to the walls which sustain it, is, in propor- 
tion to the length of a line perpendicular to the rafter 
descending from its extremity till it meets another simi- 
lar line drawn from the opposite rafter, and this perpen- 
dicular is obviously increased when the roof is made 
very flat. But a flat pitched roof is stronger than a high 
one for resisting all transverse strains which tend to break 
die rafters. 

Slaters class the Welsh Slates after the following 
Order and Resignations, viz . . 


Doubles , average size . 

Ft. 

1 

Inch. 

1 by 

Ft. 

0 

Inch. 

6 

Ladies 

*1 

3 

by 

0 

8 

Countesses , . . . 

1 

8 

by 

0 

io 

Duchesses .... 

2 

0 

by 

0 

12 

Welsh Rags . . . 

3 

0 

by 

2 

0 

Queens 

3 

0 

by 

2 

o 

Imperials .... 

2 

<5 

by 

2 

0 

Patent Slate . . . 

2 

6 

by 

2 

0 


The slates, called doubles , are so called from the 
smallness of their size, and are made from the frag- 
ments of the larger qualities as they are sorted respec- 
tively. 

The ladies are similarly obtained, being in pieces that 
will square, up to the size of such a description of 
slate. 

Countesses are still a gradation iu dimension above 
ladies; and duchesses stiU larger. The slate is ex- 
tracted from the quarries as other stony substances 
usually are, that is, by making perforations between its 
beds, into which gunpowder is placed and fused. This 1 
-opens and divides the beds of the slate, which thequany- 


fnen remove in blocks of vefy considerable size. These 
blocks are afterwards split by having wedges of iron 
driven between their layers, which separate the Mocks 
into scantling, of from four to nine inches in thickness, 
and as long and wide as may . be required. Spine of 
the scantling, which is intended to be exported as such, 
is sawn to the sizes ordered, that is, the edges only of 
such pieces ; for it is not necessary to use the saw to the 
horizontal stratum of the slate, as that can be: divided 
nearly as correct by the above means, without hiving 
recourse to such a tedious process as the sawing of it 
would be. i . 

For the purpose of sawing the slate, the works m 
Wales are provided with abundance of beautiful ma- 
chinery, some of which is put in motion by steam, and 
others by water, which keep in action a vast number of 
saws, all sawing the scautlings of slate into pieces 
adapted to their several purposes. . , : .. 

The Imperial Slating for roofs is uncommonly neat; 
it is known' by having its lower edge sawn, whereas afl 
the other slates used for covering are chipped square on 
their edges only. 

The Patent Slate is so called among the slaters from 
the mode adopted to lay it on roofs, as no patent was 
ever obtained for such a mode of slating. It was first 
brought into use by Mr. Wyatt, the architect. It allows 
of being laid on a rafter of much less elevation than any 
other kind of slate, and ^considerably lighter by reason 
of the laps being so much mere inconsiderable than is 
found to be necessAry for the common sort of slating. 
This slating was originally made from that description 
of slates known as Welsh Rags. The slaters now fre- 
quently make it of Imperials, which gives to it still less 
weight, and renders it somewhat more neat in its ap- 
pearauce than by the former mode. 

Of the Westmoreland Slate. — Some experiments 
have been instituted on this description of covering by 
the present Bishop of Landaff, and as there appears very 
little difference in the natural composition of this kind 
of slate from that which is obtained from Wales , the Bi- 
shop’s comparison of their absolute weight as compared 
to that of other materials made use of as a covering 
to buildings may be of great utility, inasmuch as it may 
tend towards forming a data for adding to or diminish- 
ing from the quantity of timber employed in roofs of dif- 
ferent spans and elevations . — u That sort of slate,” says 
he, “ other circumstances being the same, is esteemed 
the best'which imbibes the least water, for the imbibed 
water not only increases the weight of the coverings hut 
in frosty weather being converted into ice it swells and 
shivers the slate. This effect of the frost is very sensi- 
ble in tiled houses/ but it is scarcely felt in slated 
ones* for good slate imbibes but little water ; and when 
tiles are well glazed they are rendered in some measure, 
with respect to this point, similar to slate.” He adds, 
“ 1 took a piece of Westmoreland slate and a piece of 
common tile, and weighed each of them carefully ; 
the surface of each was about 50 square inches^ both 
the pieces were immersed in water for ten minutes, 

and 
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apd then taken out apd weighed as soon as they had 
ceased to drip, and it was found that the tile had im- 
bibed about one-seventh part of its weight of water, 
and the slate had not imbibed a 200th part of its 
weight Indeed the wetting of the slate was merely 
superficial, while the tile in some measure became satu- 
rated with the water. I now placed both the wet 
pieces before the fire ; in a quarter of an hour’s time 
the slate was become quite dry and of the same weight 
it had before it was put into the water ; but the tile had 
lost only about twelve grains of the water it bad imbibed, 
which was as uear as could be expected, the same quan- 
tity which had been spread on its surface, for it was 
thus quantity only which had been imbibed by the 
date , the surface of which was equal to that of the 
tile. The tile was left to dry in a room heated to 60° of 
Fahrenheit, and it did not lose all the water it had 
imbibed in less than six days. He adds further, “ that 
the finest sort of Westmoreland slate is sold- at Kendal 
at Ss. 6d. per load, which will amount ‘to 1/. 15s. per 
ton, the load weighing two hundred-weight. The 
coarser sort may be had at 2s. 4 d. a load, or 1/. Ss. 4 d. 
per ton. Thirteen loads of the finest sort will cover 
forty-two square yards of roofing, and eighteen loads of 
the coarsest will cover the same quantity ; so that there 
is half a ton less weight put upon forty-two square 
yards of roof, when the finest sort of slate is used, than 
if it was covered with the coarsest .kind, and the dif- 
ference of expense only three shillings and six-pence.” 
It must be remarked, that it owes its lightness not so 
much to any diversity in the component parts of the 
stone from which it is split, as to the thinness to which 
the workmen reduce it, and it is not so well calculated 
to resist violent winds as that which is heavier. 

On the comparison in weight of the sundry cover- 
ings employed on Roofs.*. — A common plain tile weighs 
thirty-seven ounces, and there are used, at a medium, 
seven hundred to cover a single square of roof of one 
hundred superficial feet. A pan-tile weighs seventy-six 
ounces, or four and three-quarter pounds, and one hun- 
dred and eighty are required to lay on a single square. 
Both the plain and pan-tiles are commonly bedded in 
mortar; indeed the former cannot be well laid on a 
roof without it. The mortar for the bedding of either 
will be equivalent to one-fourth of the weight of the 
tiles. When a roof is to be covered with copper or 
lead, it will depend upon what number of ounces of 
the metal it is determined to assign to each superficial 
foot of such covering. But for common lead or cop- 
per covering, supposing seven pounds of the former to 
the foot and sixteen ounces of the latter, the following 
comparisons will suffice ; taking a square of one hun- 
dred feet superficial to be covered of each of the several 
materials, as all roofing is generally considered in such 
quantities, then it will be 

Cwt. qr». lbs. 

For Copper, per square, . 0 3 16 

I^ead, 6 1 0 

Fine slate, .... 6 0 21 


Cwt. qrs. lbs. 

For Coarser do. .... 8 1 8 

Plain-tiles, . ... 18 0 0 

Pan-tiles, ..... 9 2 0 

Hence may be seen what each square of a roof 

sustains, and a careful builder may select such a cover- 
ing as his building may be best calculated to support. 
It will be noticed too, how much the tiles exceed in 
their weight that of the other coverings. The pan-tile 
herein weighed, was at the time perfectly dry, and is of 
the common sort made in and about London. The 
plain tile is taken at the weight assigned it in the learned 
prelate’s pitper before referred to. The pan-tile is 
equally adapted to imbibe water with the plain tile, 
hence a somewhat greater weight than is here taken, 
may be supposed to be generally operating upon the 
roof, when loaded with such a covering. 

Of the manner of laying Slates . — All the several 
kinds before named partake of a similar mode, in as 
far as refers to the bonding or lap of one portion of 
die slate over another. The lap of each joint is gene- 
rally equal to one-third of the length of the slate, and 
the slater selects all the largest in size of the descrip- 
tion about to be used, to be put on nearest the eaves 
of the roof. When the slates are brought from the 
quarry, they are not found in so square a shape as to , 
be immediately fit to be put on a roof, but are prepared 
for that purpose by cutting and sorting. The slater, to 
effect this, picks and examines the slate, observing 
which is its strongest and squarest end. He then, by 
holding the slate a little slanting upon and projecting 
about an inch over the edge of a small block of wood, 
seating himself at the same time on something which is 
eaual to it in height, begins and cuts away straight one 
of its edges. He then, with a slip of wood, gauges 
the other edge parallel to the same, and cuts off that 
also ; after which he turps it round and squares the end. 
The slate is so far prepared, excepting it be the turning 
of his tool round and pecking through it, on its oppo- 
site end, two small holes, winch are made for the nails 
to enter when he lays it on the roof. All the quariy 
slates require this preparation from the workman known 
as the slater. All slates are put oil with nails or screws, 
and two are assigned to each slate at least. The copr 
per and zinc nails are esteemed the best, by reason of 
their not being so susceptible of oxidation as the iron 
ones. The slaters, however, to prevent the destruction 
of their iron nails, have recourse to painting them ; this 
they do by putting them in a tub containing white-lead, 
rendered very fluid by excess of saturation with oil, and 
stirring them up and about till they are completely 
covered over, after which they are removed and spread 
out upon boards and left to dry. Since the general 
developements' of chemistry, some of the slaters have 
succeeded in plating over their iron nails with tin ; but 
great address is necessary to succeed well at it ; how- 
ever, tinned nails are becoming more common, and 
will be found greatly cheaper than copper ones. The 
previous preparation necessary for laving slates on roofs, 
i 6 T " consists 
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consists in forming a base or floor for the slates to lay 
compactly and safely upon. For the doubles and ladies , 
boarding is essentia), if it be expected to have a good 
water-proof covering to the roof. All that is required 
in the boarding for such slates is, that it be laia very 
^ven and the joints close, securing the boards by pro- 
perly nailing them down on the rafters. When the 
boarding is ready, the slater examines it, and provides 
himself with several slips of wood, called tilting fillets. 
A tilting fillet is made about two inches and a half wide, 
three-quarters of an inch thick on one edge, and cham- 
pered away to an arris on the other edge. These fillets 
he carefully lays and nails down all round the extreme 
edges of the roof to be slated, beginning with the hips, 
if there be any, and if not, with the sides, eaves, and 
ridge. When these are all done, he prepares for laying 
the slates, and begins the eaves first. For these he 
picks out all the largest slates, which he places regularly 
throughout, setting their lower edges to a line, and 
when so placed, he secures them by nailing them down 
to the boarding. He then selects such slates as will 
form the bond to the under sides of the eaves. This 
part of the work consists in placing another row of 
slates under those which he has previously laid, so as to 
cross and cover ail their joints ; such slates are pushed 
up lightly under those which are above them, and are 
seldom nailed, but left dependent for their support on 
the weight of those above them and their own weight 
on the boarding. The countesses and all the other de- 
scription of slates, when intended to be laid in a good 
manner, are also laid on boards. When the slater has 
finished the eaves, he strains a line on the face of its 
upper slates parallel to its outer edge, and as far from 
it as he deems sufficient for the lap of those slates which 
he intends to go on to form the next course. This 
course of slates being laid and nailed even with the 
line, and crossing the joints of the upper slates of the 
eaves. This lining and laying of the slates is continued 
till the slater gets up close to the ridge of the roof, he 
observing throughout to cross the different joints by the 
slates he lays on one above another. This is the method 
uniformly followed in laying all the different kinds of 
slates, excepting it be those which are called the patent 
slates, which will henceforth be explained. All the 
larger kinds of slate are found to lay firmly on what are 
called battens, in consequence of which they are fre- 
quently made use of, from their promoting a saving in 
the expense, which will on an average amount to about 
twenty shillings per square. A batten consists of a nar- 
row portion of deal-wood, about two and a half, or 
three inches wide ; there are commonly three taken out 
flat-wise of a deal. When countesses are to be laid 
on, battens three-quarter inches in thickness will be an 
adequate substance for them ; but for the larger and 
heavier kind of slates, inch battens will be necessary. 
When a roof « to be battened for slates, the slater 
himself is the best person to fix them, as they are not 
placed at an uniform distance, from each other, but so 
as to suit the length of the slates, and as these vary as 


they approach the apex or ridge of the roof, it follows 
that the slater himself becomes the best judge where to 
fix the batten to best support the dates intended to lay 
on it. Wheu they have been fixed by the carpenters be 
almost always finds it necessary to take them up aid 
re-lay them. The nails used by slaters, as before ob- 
served are of iron, copper, and zinc. They are of the 
description called clout-nails. A clout-nail consists 
in being made round on its shank, or driving part, with a 
large round and flat head. Clout-nails are made of several 
qualities, but those used by the slater, are about an 
inch and a quarter long on die shank, and a re termed 
eight-penny nails. The copper nails are considerably 
dearer than those of iron, or zinc, hence slating dooe 
by them is charged somewhat more per square. 

The patent slating, as it is called, consists in seiectmg 
the largest slates, ~aud those also of uniformity in their 
thickness. — The slates called imperials , are those now 
taken for it. A roof to be covered with this land of 
slate, requires that its common rafters be left loose upon 
their purlins, as they must be placed so as to suit the 
widths of the slates, it being necessary to have a rafter 
under every one of their meeting joints. — Neither bat- 
tening nor boarding is required for these slates, and the 
quantity of rafters will depend on the widths of die 
slates ; hence if they are of a large size very few will be 
required, and of course a great saving iu the timber will 
take place, besides giving a much less weight in the 
roof. The work of covering by this kind of slate is 
commenced as before at the eaves, but no crossing or 
bonding is wanted, the slates being uniformly laid, with 
the end of each reaching to the centres of each of the 
rafters, and are alY butted up to one another through- 
out the length of the roof ; the rafters being so 
placed as to come regularly under the ends .of two of 
the slates. When the eave s course is laid, the slates 
composing it, are all screwed down by two or three 
strong one-and-a-balf inch screws at each of their ends 
into the rafters under them. A line is afterwards 
strained about two inches from their, upper edge, this 
being allowed a9 a lap for the course of slates which 
goes on above, the edges of which course being fixed 
straight with the line, and this lining laying with a lap 
and screwing down is continued till the roof is finely 
covered all over. — After which the filleting is to com- 
mence ; this consists in covering all the meeting joints 
of the slates which come on the rafters with fillets of 
slate bedded in glaziers’ putty, and screwing diem 
down through the whole into the rafters under them.— 
The fillets to cover these kind of joints, are usually 
made about three inches wide, and as long as the slate 
they are intended to cover. They are solidly bedded io 
the putty, their joints lapped as is those of the slates ; one 
screw is put in each lap, and one in the middle of the 
fillet ,* these fillets are after being so laid, bedded ai id 
screwed down, pointed neatly up all round their edges 
with more putty, and are painted over with a paint 
resembling the colour of the slate, and hence the work 
is deemed to be finished.— -The hips and ridges of such 
I v slating 
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shftag wn frequently cowed by fillets in a simile r way, [on the hammer, ov driving part, about five inches is 
and have a very neat effect. But lead is the best co- height, bent on the top a fettle back, and ground la a 
1 verisg for all hips and ridges of roofs, and it is not tolerably sharp point, its lower or flat end being about 
r greatly dearer than covering them by this mode. Slating three quarters of an inch in diameter, and quite 
is doue also in several other ways, but tbe principles round. On the side of tbe driving part, is a small pro- 
before explained embrace the most of them ; some jection made with a notch in its centre, and which is 
workmen have shaped and laid their slates in a lozenge used as a claw to draw or extract the nails, when nail* 


form. This kind of work consists in getting all the 
slates to a uniform size, and into the shape of a geo- 
: metrical square; they are, when laying on the roof (which 
it is always necessary to have hoarded for this work) 
bonded and lapped as the common slating is ; observing 
only to exactly let the elbow or half of die square ap- 
pear above each slate which is under it, and to be re- 
r gufaur in the courses all over the roof. One nail or 
scr ew only can be used for such slating, hence it soon 
becomes dilapidated. It is commonly employed in 
places near to the eye, or where particular neatness is 
required . — The patent slating may be laid so as to be 
perfectly water-tight, with an elevation of the rafter 
considerably less than any other slate or tile covering ; a 
rise of two inches in each foot to the length of tbe rafttr 
is deemed an adequate rise for this covermg, and this for 
a rafter of fifteen feet, would be only two feet six 
inches, a rise in the pitch of a roof which at any height 
from the ground would be hardly to be perceived. 

Of the Slater* % Tools . —They consist of a few only, 
and these are sometimes found by the master and some- 
tunes by the men. The tool called the saia re, is composed 
of tempered iron, about sixteen inches in length, and 
two inches in width, somewhat bent at one end, and 
prepared for, and handled with beeches wood at the 
other.— >This instrument is not unlike a large knife ex- 
cept its haring on its back a piece of iron, projecting 
about three inches from out of it, and drawn sharp to a 
point. With this tool when ground sharp, the slater 
chips or cuts all his slates to the sixes he requires them 
for all the various purposes of his busiuess. — -He has 
also a Ripper as he calls it ; this tool is formed of iron 
about the same length as the xaixe, it is very thin in its 
blade part, which is one inch and three quarters wide, 
tapered somewhat towards its top, where it has a round 
head projecting over the blade on each side about half 
an inch, and having also two little round notches in the 
two internal angles at tbe intersection of the one with 
tbe other. There is a shoulder formed at the handle 
end of this tool, which raises it up above the blade, and 
which enables the workmen to hold it firmly in his 
hand when in use. The use of this tool is in repairs of 
old slating, as by forcing its blade up under the slates, 
tbe projecting head catches the nail of the slate, which ( 
enters mto the little notch at its intersection, and which 
enables the workmen to pull it out, and which also at 
the same time loosens the slate, and allows him to take 
it away and insert another in its place, this is the prin- 
cipal use of the ripper, viz. the repairing of the old 

slating. i 

Tbe hammer of the slater is somewhat different in 
shape from the common tool of that description ; it is 


! ing down the slates which do not drive satisfactorily. 
This kind of hammer is of great utility to the slater, 
and enables him to get through his new work with the . 
greatest address. 

T he tool called the shaving-tool, is used for the 
purpose of getting the slates to a smooth face when 
so wanted, for skirtings, floors of balconies, or any 
other purpose to which slate may be required with a 
smooth face. It consists of a blade of iron, sharpened 
at one of its ends like a chisel, and is mortised through 
the centre of two rouud wooden handles, one of which 
is fixed at one end, and the other about the middle of 
the blade. The blade is about eleven inches long, and 
two inches wide, the handles to which are about tea 
inches long, so that they project four inches over oa 
each side of the blade. The workman in using this 
tool, takes it in both his hands, placing one band to 
each side of tbe handle which is in the middle of the 
blade, allowing the other to come up and press against 
the wrists of both his arms, and in this way he works 
away all the uneven parts from off the surface of the 
slate, and gets it to a smooth face. This tool is well 
calculated for what it has to. do, but it is a very uneasy 
kind of instrument to the workman, its whole purchase 
in its operation upon the slate being against his wrists, 
and which is sometimes attended with so much pain 
that he is obliged to give over his work. To avbid this 
inconvenience, he often puts flannel and other things 
over the handle which lays against his wrists; still a day 
or two’s work, with this tool, will lame an inexperienced 
workman. 

The slater’s other working tools consist of numerous 
chisels and gouges, together with files of all sizes, with 
which he finishes his slates for the better parts of his 
work into mouldings, and other forms, required for the 
different uses to which slate is applied. 

The strength of slate is very great in comparison of 
any kind of freestone, as it is ascertained that a slate 
of one inch in thickness will support in an horizontal 
position as much in weight as five inches of Portland 
similarly suspended. Hence slates are now wrought 
and used for galleries and other purposes w ere strength 
and lightness combined are essential. 

Slates are also fashioned into chimney-pieces, par- 
taking of the different varieties of labour applied to 
marble ; but it is incapable like it of receiving a polish, 
in consequence of which it will not get greatly into use 
for that purpose. It makes excellent skirtings of all de- 
scriptions, as well as casings to walls w here dilapida- 
tions or great wear and tear is to be anticipated. It is 
capable of being fixed for these purposes with joints 
equally neat with wood, and may be painted over if 

required, 
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required, to appear like it* Staircases may be executed 
in slate, and will have an effect not unlike to black 
marble. The writer of this article has had a double 
gallery staircase leading to a suite of battts constructed 
of it, the effect of which was so good as by strangers to 
be generally takei\and considered to be made of marble. 
Messrs* Warmsley and Milton, of Lambeth, are among 
the best slaters in London when slaters’ work is required 
to be done on a large scale, or when any of the better 
departments of the working of slates are required, as they 
keep people competent to work it up into almost every 
shape, and with a neatness equalling works in 
marble. 

Slaters’ work is measured by the surveyors, as most 
artificers’ work now usually is, and Is afterwards re- 
duced into squares, each square containing 100 feet 
superficial. 

Slaters are allowed, in addition to'the nett dimensions 
of their work (when taking the measure of roofs) six 
inches for all the eaves and four inches for the hips; 
this allowance is made in consequence of the slates being 
used double 'in the former case, and for the waste in 
cutting away the sides of the slates to fit into the latter. 
Some of these, eaves, for instance, when rags or impe- 
rial slates are used, require an addition of nine inches 


to be allowed for the eaves, such kind of slates being 
so much larger than the size of most of the other kinds 
of slate now in use* All faced work in slate akirtings, 
staircases, galleries, &c. is charged by the foot su- 
perficial, admeasuring it without any kind of addition. 
The chimney pieces are made up and sold at per piece, 
as is done by the masons. Slating by tbe square to 
roofing varies as the size or quality of the slate made 
use of, beginning, for instance, with the Doubles at 
about two guineas, Countesses, &c. two guineas and 
a half, Welsh Rags and Imperials at three guineas and 
a half, and Westmoreland, the dearest of all, at four 
guineas and a half per square. The present prices of 
slaters’ work done in a good and workmanlike maimer, 
will be found to be equal to the above charges. Galle- 
ries and other slates worked up for such kind of pur- 
poses, and fixed complete, will vary as the mouldings 
about them do from 4s. 6d. to 5s. 6 d. per foot superfi- 
cial. Skirtings and linings of slate with one face only 
worked, but squared and fixed up, from Is. 6d. to 2s. 
per foot superficial. From these data, a tolerably cor- 
rect idea may be formed of the value of any kmd of 
slating which may be wanting, and a comparison may 
be made of its value with the several other cover- 
ings, 8cc. employed in buildings. 
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The combination of an oil with an alkali uniformly 
produces a compound, soluble in water, and in which 
the characteristic properties of oils. and alkalies are de- 
stroyed or changed. These combinations are termed 
soaps; but as those of soda or pot-ash are only em- 
ployed in the business, it is those alone that we shall at 
present particularly consider. It is probable, that ages 
must have elapsed before mankind arrived at a know- 
ledge of the combination of oil and alkali, which we 
term soap. Saponaceous plants, argils, marls, and 
magnesia, appear all to have been employed in cleansing 
linen, long before the discovery of soap. We even 
see that some animal matters were employed with ad- 
vantage for the same purpose. It is equally certain that 
the use of ash lyes preceded the discovery of soap, i 
But the capability of combining oil with alkali so as to 
form a solid compound, soluble in water, and which 
can dissolve spots of grease, without changing the co- 
lour of the stuffs on which they are found, is a disco- 
very of inestimable value in the arts. This discovery, 
successively improved, constitutes what is now termed 
the art of soap-making. 


Of the Substances employed in the Mamtfacture of 
Soap.— Oils, tallow, and every kind of grease, are 
susceptible of combination with the alkalies, so as to 
form soaps; but they do not all furnish soap of an 
equally good quality. It is of importance then to ascer- 
, tain the various matters that may be employed for this 
purpose, and shortly to point out the differences be- 
tween them with the view of directing the choice of 
th6 manufacturer. Olive oil is generally employed in 
the preparation of soap. It combines perfectly with 
the soda; the soap thus produced is very white, uni- 
form, of a proper consistence, and exhales an odour 
which is peculiar to this kind of soap. But every kind 
of olive-oil is not equally proper for saponification ; 
three kinds are known in commerce — sweet, or virgin- 
oil ; common, or dyer’s-oil ; and, expressed oil. The first 
is that which flows upon the presstlre of the olive, the 
second requires a stronger degree of pressure, assisted by 
heat, and the third is produced by great pressure exerted 
on the refuse of the olives, in order to extract every re- 
maining particle of oil, and which is always mingled 
with a considerable quantity of mucilage, and ligneous 

bodies. 
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be£n. The first is pure, and almost wholly free from 
any viscous principle. The second is mixed with a con- 
siderable portion of mucous matter, which forms, with 
the oil, a species of emulsion. The third contains 
little oil, and a great portion of the mucous and fibrous 
principle. 

In order to ascertain whether the oil be of a good 
quality, we ought to have at hand an alkaline lixivium 
prepared without heat, and indicating from one to two 
degrees of concentration. Having introduced into a 
phsal a few drops of the oil, the quality of which we 
wish to prove, we. pour upon it some lixivium. Imme- 
diately upon the mixture becoming milky, we transfer 
it repeatedly from one pbial into another, and allow it 
afterwr.-ds to remain at rest in the phial. If, after the 
lapse of a few hours, the combination remains uni- 
formly white, aud no particles of oil appear on its sur- 
face, we may rest satisfied that the oil is of a good 
quality ; and, if the contrary, that it is bad. Pure oils 
require stronger lixivia thou those of a coarser kind. 
Common oil is only employed in soap manufactures, 
not only because it bears a 1 ess price, but because it sa- 
ponifies better. Fine oil is reserved for the use of our 
kitchens and tables. It is particularly from Italy, and 
chiefly from Genoa, that the French procure the best 
oil for their soap manufactures. Some oil is also im- 
ported from Bavbary, which, conjointly with Genoa, 
supports the immense soap-works established at Mar- 
seilles. Next to olive-oil, that of sweet almonds yields 
the most consistent soap. But as this oil bears a high 
price, it is only employed in the composition of medi- 
cinal soap. Rape-oil forms a soap neither so consistent 
nor so white as the former. Hemp-seed oil produces 
a pprous green-coloured soap, reducible to a paste by 
a small portion of water. Nufoil forms a soap not 
proper for the hands ; it is of a yellowish white colour, 
of a moderate degree of consistence, unctuous, gluey, 
and continues so on exposure to the air. The soap, 
of which linseed oil forms a constituent part, is, at 
first, white, but changes to yellow in a short time, 
on exposure to the air. It possesses a strong odour, 
is unctuous, clammy, glutinous, does not dry in 
the air, and softens with a very small quantity of 
water. 

All the oils, of tohich we have spoken, are either 
oleaginous or fixed. The volatile oils are not, how- 
ever, less susceptible of entering into combinations 
with the alkalies, but as these soaps are not employed in 
the arts, we shall not notice them in this article. 
Many animal substances arc capable of combining 
with alkalies, and furnish us with valuable materi- 
als for the formation of soap. Suet forms, with soda, 
a white soap of an excellent quality; excepting only 
that it always retains a slight odour of grease, which it 
imparts to linen. Strong lixivia are necessary to the 
saponification of suet, or its conversion into soap. 
This soap requires much water to soften it, and destroy 
its consistency. 

Butter may also be converted into soap by combining 


it with soda. The soap thus produced is white ant} 
solid. . , 

Fish, and train-oils, produce soaps of a dirty grey 
colour, of a firm consistence, and retaining the smell 
peculiar to these oils. Oleaginous and fatty matters 
may be classed in the following order, as to their sus-> 
ceptibility of saponification. 1. Olive-oil, and that of 
sweet almonds. 2. Suet, butter, and the oil extracted 
from the fat of horses. S. Oils drawn from rape-seed. 
4. Oils procured from beech-mast, and clove Julyr 
flowers. 5. Fish-oil of different kinds. 6. Hemp-seed, 
nut, and lint-seed oils. 

M. Chaptal long since proposed the employment of 
old wool, and the shreds and shearings of woollen 
clolh, for the formation of soap. Caustic alkaline 
lixivia readily dissolve these animal substances, and may 
be saturated with them, thus producing a saponaceous 
' greenish paste, which might be successfully employed 
in the arts, for the fulling of cloth and other pur* 
i poses. 

In this country soap is usually made with tallow, or 
other fat ; the process with oils being ratber more diffU 
cult than that in which talloW is used. A good deal 
more of practical skill seems to be required in producing 
the proper union between oil and alkali, than between 
fat aud alkali, and the process appears liable to sudden^ 
and often unaccountable failures, from the refusal of 
the materials to unite with sufficient intimacy, or from 
their disunion after having been already combined. 

Of Alkalies . — The three species of alkalies, soda, 
potash, and ammonia, may all be employed in the for- 
mation of soap. Soda and potash are the only alkalies 
employed in preparing the soaps of commerce. Am- 
monia is only used in forming some saponaceous com- 
position for medicinal purposes. Soda forms firm and 
consistent soaps. Potash forms soft soaps, which 
attract humidity from the atmosphere. This difference 
proceeds from the nature of the alkalies, the former of 
which effloresces in the air, while the latter on exposure 
to it runs per deliquum. It rests not therefore with 
the artist to employ the soda or potash indiscriminately ; 
his choice must be regulated by the kind of soap which 
he wishes to procure. All marine vegetables yield soda 
by incineration, but they do not furnish it in the same 
quantity or of the same quality. The alkali in the soda 
is always found mixed with marine salts and earthy mat- 
ters ; the best is that which contains the greatest por- 
tion of the alkaline principle. The only kinds of soda 
employed in the manufacture of soap, are the barilla, 
or soda of Alicant, the salicoruia, or soda of Narbonne, 
Sicilian ashes, and natron. The sodas held in the 
j highest estimation are those of Alicant, of which three 
I kinds are to be found in the shops : 1 . The mild soda, 
or mild barilla, which is of the best quality. 2. The 
1 soda properly so called, or the mixed barilla. This is 
hard, of a smooth fracture, of a greyish black colour, 
and with difficulty soluble in watei'. 3. Counterfeit soda, 
which is of the worst quality. The sodas of Carthagc- 
na possess nearly the same qualities as the mixed 
6 U barilla 
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Will* Of Aficabt. SJcBiab ashes and those from the 
Levant, are inferior in quality to the sodas of Alicant, 
though when these last cannot be obtained, they are 
frequently made to supply their place. Matron is like- 
wise veiy much employed; the low price at which it is 
£old during peace, operates to induce manufacturers to 
fcse it, though it contains very little pure alkali. Pot- 
ash, properly So called, is rarely employed in this state 
ror the formation of soap. Instead of it, the ley of 
ashes rendered caustic by lime is now very generally 
substituted. 

Of solid Soaps , or Soaps of Soda. — The white and 
Solid soap of commerce is composed of olive-oil and 
Soda. The preparation of the leys, and the boiling of 
the soap constitute the principal operations in such ma- 
nufactures. 

Of the preparation of the Leys. — The alkalies, such 
as they are found in commerce, cannot be employed in 
the manufacture of soap. They must previously be 
deprived of the carbonic acid v the saline and earthy 
matters which they contain. This process is conducted 
in the following manner: Into a vessel about eight 
feet square and one foot deep is introduced quicklime, 
in tiie proportion of one-fifth to the weight of the oil 
intended to be converted into soap. Water is slightly 
sprinkled over this quicklime, which then grows hot, 
cracks, smokes, and falls down into powder, after 
Which the soda, previously pounded, most be carefully 
mixed with it by means of a shovel. In order to favour 
the operation, a little water is occasionally added. As 
soon as the mixture is accomplished it is transferred 
into tubs. In small establishments their vessels are 
made of white wood, but in those which are on a 
larger scale they are composed of stone fined with 
bricks formed on the spot, and sunk into a mortar made 
with puzzolona or similar earths. Frequently these ves- 
sels are consthicted of bricks laid flat, and cemented by 
a mortar of the same kind. These vessels are usually 
about five feet square by four and one-half feet in 
depth. They are perforated at the lower part of the 
side next the workhouse, with two holes or openings, 
which are closed by a stop-cock or pegs of wood. 
Under each of these vessels are placed two reservoirs 
constructed with the same care, and intended for the 
reception and preservation of the leys. At the bottom 
of these vessels are placed pieces of broken tiles to fa- 
cilitate the efflux of the ley. When the mixture of the 
lime and soda has been transferred into the tub, there 
is poured on it a quantity of water sufficient to cover it 
to the height of a foot and a half. After leaving the 
water in this state for several hours, it is drawn off by 
means of a spigot into one of the reservoirs placed be- 
neath. This ley marks from 15 to 20 degrees of con- 
centration, and is called the first ley. After the ley 
has ceased to run and the spigot been shut, water is 
poured into the tub as before, and at the end of the 
four hours drawn off into the second reservoir. This 
is termed the second ley, and indicates between 10 and 
12 degrees of concentration. A third ley is extracted 


with the same c4re; it onfy marksfrom 4 Id % ddgffeeil 
The soda is still further exhausted, by pouring on It 
a fourth water, and even a fifth if it appear' irtcfflfcry. 
The last leys are employed as common wfetdr, for Ai 
lixiviation of a fresh soda. When the sbd* fa com- 
pletely exhausted, the tubs are emptied, and the resit 
duum thrown away as useless, or employed as manure 
on wet land. 

Leys are powerfully influenced by the seasons ; thus, 
in Winter they are weaker, unless attention be gjfaen 
either to employ sodas of the best quality or m a 
greater quantity. The proportions of soda and lime 
employed are different, in different countries and fa 
different establishments; in some they employ eqatl 
parts, while in others they use only one-sixth of quack* 
litae. This difference appears to depend on the lime, 
and more frequently on the nature of the soda. In 
general old sodas and natrons require the moat lime. 
Lime in a state of efflorescence, possesses not the same 
power as that which is newly made; and as this fa dot 
always at hand, we preserve it in proper repositories 
sheltered from the contact of air and moisture, in order 
to obviate all change. It is seldom that the manufac- 
turers of soap cofifine themselves to one kind of soda 
in the formation of the lixivium ; they for ti\e most 
part employ a mixture in different proportions of n*- 
tron, Alicant soda, Sicilian ashes, the Salicornia of 
Narbotme, &c. 

Of the boiling of Hard Stiap. — The art of com- 
bining oil with caustic soda, and of reducing this com- 
bination to a suitable degree of consistence fa the most 
difficult and the most important operation of soap- 
making. This combination fa performed in a caldron, 
and by the aid of heat. The caldron used in soap- 
manufactures, fa of a peculiar construction ; the lowW 
part of it fa of copper, while its rides are constructed 
of mason or brick-work. Much stall and dexterity are 
requisite in erecting such furnaces, for it most’ be ob- 
vious that if the junctures be not well closed the mat- 
ter would escape. On the other hand, the expense at- 
tendant on their erection is so great, and the suspension 
of the labour so inconvenient, that ndtinug should be 
neglected to give to them the greatest possible degree 
of solidity. If the operations be performed in caldrons 
entirely metallic instead of those above-mentioned, not 
only will the soap be less white, but the management Of 
the process will be rendered extremefly difficult, inasmuch 
as the metal being a more ready conductor of beat than 
stone, occasions the saponaceous matter to bod over 
and bum. 

The manner of boiling die soap likewise varies in dif- 
ferent establishments; in some they employ we* 
lixivia, and in others that which is very strong. We 
shall here, as succinctly as possible, describe these two 
methods. The lixivia being prepared, the next step 
is to put into the caldron all the oil intended to be em- 
ployed. It is not, however, possible previously to as- 
certain the exact quantities of oil and soda, as these 
proportions vary according to tile nature of the soda and 
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oil; andean therefore only be known from expemxme. In 

K omi, six parts of olive^oil are used with five of soda. 

some soap-houses the oil is boiled previously to die 
addition of the ley ; bat when the oil is extremely thick 
and contains many impurities, it is mixed with a strong 
lixivium and then boded : the clear and transparent oil 
quickly rises and ascends to the surface, while the 
impurities are precipitated. The fire is then stopped, 
and the workman removes the supernatant oil from 
the gross matters which have subsided. 

After cleaning the caldron, and returning into it the 
oil which bad been taken off, he rekindles die fire and 
proceeds to the boiling. He pours some buckets of 
the weakest ley on the oil, mid digests the whole with a 
gentle heat, which is carefully kept up, till the soap be 
completely made. The combination is facilitated by 
inoeasaiidy agitating the mixture with a long wooden 
spatula. There is added, gradually, more of the same 
lixivium ; and, when it is exhausted, the second is em- 
ployed. The oil gradually combines, the matter thick- 
ens, and becomes white; more of the first ley must 
then be added, after which the paste soon becomes 
more consistent, and separates imperceptibly from the 
aqueous liquor. Some chemists advise us, at this mo- 
ment, to throw into the caldron a few pounds of sea- 
aalt, in order to produce a more complete separation ; 
die paste then assumes a grained form, having some re- 
semblance to spoiled cream ; the ebullition is maintain- 
ed, during two hours, after which the fire is withdrawn, 
and the agitation discontinued. When a few hours have 
elapsed, the liquor, which remains at the bottom of the 
caldron, is drawn off by means of a pipe, communi- 
cating with its inferior part; the fire is rekindled; the 
soap is dissolved by the aid of a little water poured into 
the caldron; the mixture is agitated, and when it is 
completely liquified, and in a boiling state, the remainder 
of the first ley is gradually added to it. 

We ascertain that the soap has attained a due degree 
of consistence : 1, by allowing a small portion of it to 
fall and coagulate oo a slate ; 2, if, on shaking a spa- 
tula, dipped into the paste, briskly in the air, die soap 
is detached in the form of ribbons, without adhering to 
the wood ; 3, by the peculiar odour of soap, by handling 
it between the fingers. Although the method of graining 
the soap, and separating the aqueous part be for from 
common, yet it has been successfully employed in many 
establishments since it was made known. The process 
may unquestionably be conducted without the aid of 
salt ; but as it frequently happens that the process fails 
toward the conclusion, and thereby embarrasses even a 
skilful manufacturer, it may not be improper to point 
out the means of remedying it. In some manufactures 
the strongest lixivium is employed at the commence- 
ment of the ebullition ; by which method the paste be- 
comes quickly thickened to a considerable degree, and 
requires to be managed by persons skilled in such oper- 
ations. It is judged necessary to pour in fresh ley, 
when the paste sinks down, and remains at rest. They 
continue to employ the strong ley till it be nearly ex- 


hausted. Then tfie hotting subsides, that is, it sink! 
down, and appears as if stat i onary; it boih in this 
manner daring three or four hoars ; after which R is 
moistened by pouring into it the second lixivium, while 
care is at the same time taken progressively to augment 
the heat. It very rarely happens, when the strongest 
lixivium has been used at the beginning, that the third 
ley is necessary. This is only employed when the paste 
does not boil, because then the object is to dilute it. 
As soon as the boiling is finished, the fire is withdrawn; 
the lixivium is then drawn off, after which the paste is 
left to cool, and taken up before it be folly coagulated, 
by means of copper or wooden buckets, to be transfer- 
red into moulds, into the bottoms of which, a portion 
of pulverized lime has been previously introduced, to 
prevent the soap adhering to them. At the end of 
two or three days, when the soap becomes sufficiently 
hard, they remove it from the moulds, and divide it 
into wedges of different sizes, by means of a brass wire. 
They (dace these wedges on a floor edge-wise, where 
they are allowed to remain till they become perfectly 
firm and dry. The fair trader lays his account in pro- 
curing five pounds of soap from three pounds of oil. 
The soap is not marketable, till R ceases to receive any 
impression from the fingers. It must not be supposed 
that the lixivium employed at the commencement of the 
process should be constantly continued. The great art 
of soap-making consists in knowing how to determine, 
from the appearance of the paste, and other circum- 
stances, what kind of lixivium should be employed dar- 
ing each step of the operation. The overseers regulate 
their conduct in this respect by observation and experi- 
ence. The form and size of the bubbles, the colour of 
the paste, the volume of that which is thrown out on 
the edges of the vessel, the consistence of the matter, 
and its disposition to swell, as well as the appearance 
of the steam, aU furnish them with marks by which they 
regulate their conduct. 

With respect to the proportion of i ng re di en ts, it is 
reckoned that sixteen bushels of good wood-ashes, are 
equal to one hundred-weight of the best pearl-ash, and 
that this latter quantity will saturate two hundred-weight 
of tallow, and produce three hundred and a quarter 
weight of soap, so that twelve parts of tallow will make 
twenty pounds of soap. Again, twelve buslieb of wood 
ashes are reckoned equal to one hundred-weight of barilla, 
and this will saturate one hundred and a half-weight of 
tallow. A boil of twenty-nine hundred-weight of tallow 
with ten hundred-weight of barilla, and five hundred- 
weight of pearl-ash requires eight hundred-weight of 
common salt. The common yellow soaps are made in 
this country with tallow and barilla, to which after sa- 
ponification, is added a quantity of rosin, and sometimes 
a little palm-oil and the materials thoroughly incorpor- 
ated. The following materials and proportions are said 
to make a good yellow soap : twenty-five hundred-weight 
of tallow, four hundred-weight and a half of oil, seven 
hundred- weight of rosin, eighteen hundred-weight of ba^ 
rilta, ten hundred-weight of black ashes, or waste ley eva- 
porated 


Digitized by ooQie 



SOAP-MAKING. 


|>orated and caldned and half an hundred-weight of palni 
oil. They produce sixty-four hundred-weight of soap. 

In manufactures of white soap, it is usual to vein 
some portions of it, of a blue colour, in order to form 
what is termed marbled or mottled soap. The oxydes 
of iron are employed for this purpose ; but it is not till 
after two days’ boiling that they begin the process of va- 
riegation. With this view, a one hundred and fortieth 
part of the sulphate of iron, relatively to the oil intend- 
ed to be formed iuto soap, is diluted, and decomposed 
with a weak lixivium. 

Marbled soap is harder than that which is white, and 
is preferred to it for washing. This hardness, probably, 
does not merely proceed from the parts of the paste 
being brought into closer contact, but from a portion 
of oxygen abandoning the oxyde to combine with the 
iron. What tends to strengthen this hypothesis is, 1st, 
That the marbled soap never acquires its genuine qua- 
lity, uutil by ebullition, the colour of the oxyde has 
been reduced to a blackish tint. 2d, Because white 
soap, though very hard, never assumes the same cha- 
racter as the marbled. At all times has the soap ma- 
nufactured at Marseilles, stood deservedly high in the 
public estimation; cupidity has, it is true, sometimes 
operated on certain individuals to impose this article on 
customers, in an adulterated state; but the manufac- 
turers, who are necessarily interested in supporting its 
character, have never failed on such occasions to stig- 
matize them as they deserve. 

Apothecaries and druggists prepare a medicinal i 
soap by combining two parts of oil of almonds and one 
part of soap leys, so concentrated, that a phial which 
is capable of holding eight ounces of water, may con- 
tain eleven of ley. The soap thus prepared acquires 
consistency within a few days. It retains sometimes a 
caustic taste for a short period, but this may be obviat- 
ed by combining with it a fresh portion of> oil, or by 
preparing it with greater care at first. The grease col- 
lected in kitchens, may be employed in the composition 
of soaps, prepared without the aid of heat. With this 
view, to six pints of lixivium, must be gradually added, 
constantly shaking the mixture, three pounds of grease, 
melted in a copper basin. The basin is kept on warm 
. ashes for one hour, while at the same time the agitation 
is continued. It is then taken from the ashes, and 
agitated again for half an hour, till the mixture thickens. 
Tne saponaceous paste thus prepared, is run into an 
earthen pan, in which it is left to the following day, 
when being stirred, it is poured into moulds. Within 
three or four days it is taken out of the moulds, and 
set to dry, till it acquires a suitable degree of hardness. 

Of soft Soaps , — Soft soap is composed of potash 
and oil. This soap is very useful in scouring and 
cleansing stuffs from greasy matters with which they 
happen to be soiled. The greatest manufactures of 
soft soaj> are established in Flanders, Picardy, arid Hol- 
land. Die fish oil used by the Dutch, which imparts 
a disagreeable odour to the soap, has not a little con- 
tributed to bring their manufacture of this kind of soap 


irito discredit. The use of this oil is prohibited by law 
in Flanders and in Picardy. The oils employed in 
these countries, for similar purposes, are generally those 
drawn from flax, hemp, and rape seed. These are 
distinguished by the appellation of warm and cold oils. 
Those which the Flemings denominate warm oils, the 
inhabitants of Picardy call yellow oils, and restrict the 
term green oil to cold oil. The warm oils bear a higher 
price than those called cold ; and on this account they 
are frequently mixed. The kinds of potash employed 
for the formation of soap, are procured from the North, 
or from Alsace. The caldrons are composed of plates 
of hammered iron, fastened together with rivets. After 
introducing into the caldron the half of the oil in- 
tended for one coction, the fire is kindled, and when 
the oil begins to grow hot, we add to it a portion of 
the lixivium ; what remains of the oil and the lixivium 
must afterwards be gradually pop red in during the ebul- 
lition. If too much of the lixivium be employed at 
the commencement, no combination takes place ; if 
the lixivium be too strong, the mixture separates into 
clots, and if it be too weak, the union is incomplete. 
The quantity of the lye employed in one coction, ought 
to be in the proportion of four parts to three of the 
oil. Two hundred parts of oil, and one hundred and 
twenty-five of potash, yield three hundred and twenty- 
five of soap. When the union is fully accomplished, 
and the liquor is rendered transparent, nothing remains 
but to employ the necessary degree of coction. The 
soap-boilers judge of the degree of coction by the con- 
sistence, by the colour, and from the time which the 
soap takes to coagulate. In order to make the froth 
subside, and render the mass fit for barrelling, one ton 
of soap is emptied into the caldron. The soap held 
in the greatest request is of a brown colour inclining 
to black. 

Of Domestic Soap ,* — The only advantage in render- 
ing soap of a hard and solid form is to facilitate its 
carriage, and to adapt it to certain manipulations ; but 
for a great variety Of purposes, it is reduced into a 
liquid state, to render its employment more convenient. 
For domestic purposes, the operation of coction in the 
preparation of soap, might, perhaps, be superseded, 
by the formation of saponaceous liquor, well adapted 
for the purpose of cleansing and whitening of stuff and 
lineu. 

“ The preparation and employment of these sapo- 
naceous liquids have,” says *M . Chaptal, “ long engaged 
my attention, and as my experiments on this have been 
attended with the happiest success, l shall here enter 
into some details respecting them. 1 . We employ 
either the potash 9old in the shops, or a strong ley of 
common ashes. In the first case we pour water on the 
potash, and allow it to dissolve, till the solution marks 
two degrees of Concentration. We then decant this 
solution, and pour it on a portion of oil contained in a 
vessel. The mixture instantly becomes of a white co- 
lour, and forms a milky liquor. In general, we ought 
to employ a small quantity of oil, and at most, not 
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more than the proportion of one-fortieth part to the 
bulk of the ley. In [the second case, we mix a por- 
tion of quick-lime with the ashes we mean to employ, 
and then lixiviate them, in the usual manner. This 
lixivium is used, like the, solution of potash, after 
having been brought to the proper degree of concen- 
tration. This lixivium should always be prepared im- 
mediately before being used; and for this purpose recent 
ashes answer better than those that have been long kept. 
The coarser oils, termed dyer's oils, are also preferable 
to the purer kinds in the composition of this mixture. 
When they exhale a disagreeable odour it is communi- 
cated to the linen ; but this fault may easily be cor- 
rected, by rincing it through a pure lixivium. When 
the liquor is too thick, it ought to be diluted with a 
weak lixivium; it should likewise be agitated, and beaten 
tip to a froth, before being employed. When soda is 
used instead of potash, it must first be grossly pounded, 
and then put into a vessel, and covered with water, by 
which means we obtain a solution marking two degrees 
of concentration. The oil being put into a proper 
vessel, from forty to forty-five parts of the solution, of 
soda is poured on it, when the mixture immediately as- 
sumes a milky appearance, which it ever afterward* 
retains, if the oil and soda be of a good quality. The 
Alicant soda is the best with which we are acquainted, 
and the addition of lime will be found unnecessary, 
except the soda be old, or in a state of efflorescence. 
Several lixivia may be thus formed, by pouring fresh 
water on the undissolved soda. Independently of these 
very simple processes, soaps may be formed with rancid 
butter, and other oily and greasy substances, rejected 
in the kitchen. I have also succeeded in procuring a 
soap from wool; which, at the same time that it is 
extremely economic, possesses very excellent qualities. 
To prepare this soap, it b sufficient to saturate a boil- 
ing lixivium with the wool rejected in our manufac- 
tures. This soap answers extremely well for scowering or 
cleansing stuffs. The British prepare a very economic 
soap from the remains of the fish which are employed 
m the formation of glue, and of those that are salted 
for the market. Cases may occur, in which, though 
possessing potash, marine salt, and oil, it b impossible 
to find a supply of soda proper for saponification ; yet, 
even tinder such circumstances, hard or solid soap may 
be prepared by decomposing the soap of potash by the 
marine silt. Thus, for example, if we combine three 
pounds of oil with a sufficient quantity of potash to 
form a soft soap, nothing more b requbite, but gradu- 
ally to add, towards tbe end of the process, six pounds 
of marine salt. The saponification b begun with tbe 
potash, and completed by the salt.” 


I Of the Uses of Soap . — The first and most import- 
ant use of soap b, that of scowering or cleansing stuffs, 
because it possesses tbe property of uniting with the 
oil or grease by which they are soiled, and rendering 
them soluble in water without dissolving or changing 
tbe texture of woollen, silk, or cotton fabricks of any 
kind whatever. The manner of scowering or washing 
varies according to the nature of the cloth and the con- 
sbtence of the soap ; when the soap b hard, hand- 
washing b usually employed, or, iu other words, the ( 
soap b rubbed upon the cloth itself, with the view of 
forming a direct combination between the oil or grease 
| contained in it and the soap ; the matters thus combined 
are then washed out by the aid of water. The soap 
is frequently dissolved in water ; and thb saponaceous 
liquor b used to impregnate the cloth, and extract from 
h by repeated friction and the employment of water all 
tbe greasy matters with which it is imbued. Woollen 
cloth, blankets, flannels, and indeed all animal sub- 
stances, are most effectually cleansed by soft soaps, or 
soaps of potash. Some waters are not favourable to 
the solution of soap; those impregnated with earthy 
salts decompose it Soda-soap forms the basis of wash- 
balls. With this view it b melted and then mixed with 
fine starch, which b the only article besides the soap 
used in the preparation of the common kinds. The 
usual proportions are three parts of starch to five of 
soap; the soap being cut into finger lengths b melted in 
a caldron, and two-thirds of starch thrown in, care 
being taken to stir it frequently ; it is next poured on a 
board or smooth table, and the remaining third of the 
starch kneaded into it with the hand until they be suffi- 
ciently incorporated ; after which the paste is made up 
into the shape that may be desired. Another kind of 
wash-balls b prepared by dissolving white soap io» al- 
cohol. For this purpose alcohol b digested upon soap 
previously cut into finger-lengths, and at the end of 
twenty-four hours thb mixture or paste is triturated in 
a mortar, with aromatics reduced to powder, or with a 
small quantity of some aromatic oil, such as that of 
jasmine, tuberose, lemon, citron, and orange. When 
the paste b become sufficiently consbtent, it b formed 
into balls which exhale an agreeable perfume. Some- 
times the aromatics are incorporated with mucilage of 
gum tragacqnth, and whites of eggs. It is customary, 
in some manufactures to prepare an aromatic dye, by 
infusing different aromatic substances in alcohol, and 
afterwards kneading a portion of it with the soap, to 
which it imparts a strong perfume. Different sapona- 
ceous essences are prepared by dissolving aromatic soaps 
in double their weight of ardent spirits. 
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The colours proper for staining of paper are the same 
as those used for other substances, and they are applied 
with soft brushes, after being Well tempered to a due 
degree of subsistence with size, gum-water, &c. If the 

E r on which they are laid is soft, so that the co- 
are apt to go through, it must be fixed before 
they are laid on, or a proportionally larger quantity 
must be used with the colours themselves. If a consi- 
derable extent of the paper is to be done over with one 
colour, it must receive several coatings, as thin as 
possible,, letting each coat dry before another is put on, 
otherwise the colour will be unequal. 

Take yellow ochre, grind it with rain-water, and lay 
a ground with it upon the paper all over ; when dry 
take the white of eggs, beat it clear with white sugar- 
candy, and strike it all over: then lay on the leaf gold, 
and when dry polish it with a tooth. Some take saf- 
fron, boil it in Water and dissolve a little gum with it, 
then they strike it over the paper, lay on the gold, and 
when dry they polish it. 

Take two scruples of clear glue made of neats* 
leather, one scruple of white ahim, and half a pint of 
clear water, simmer the whole over a slow fire till the 
water is consumed or the steam ceases. Then, your 
sheets of paper being laid on a smooth table, you dip a 
pretty large pencil into that glue, and daub it over as 
even as you can, repeating this two or three times : then 
sift the powder of talc through a fine sieve made of 
horse-hair or gauze over it, ana then hang it up to dry, 
and when dry rub off the superfluous talc, which serves 
again for the same purpose. The talc you prepare in 
the following manner: take fine white transparent Mus- 
covy talc, boil it in clear water for four hours ; then take it 
off the fire, and let it stand so for two days ; then take 
it out, wash it well, and put it into a linen rag, and 
beat it to pieces with a mallet; to ten pounds of talc 
add three pounds of white alum, and grind them toge- 
ther m a little hand-mill, sift it through a gauze-sieve, 
and being thus reduced to a powder put it into water 
and just boil it up; then let it sink to the bottom, pour 
off the water from it, place the powder in the sun to 
dry, and it will become of a hard consistence ; beat 
this in a mortar to an impalpable powder, and keep it 
for the use above-mentioned, free from dust. 

The common grounds laid in water are made by 
mixing whitening with the common glovers’ size, and 
laying it on the paper with a proper brush in the most 
even manner. This is all that is required where the 


ground is to be left white ; and the paper being the* 
bung on a proper frame dll it be dry, is fit to be 
painted. When coloured grounds are required, the 
same method must be pursued, and the ground of 
whidog first laid, except in pale colours, such as straw 
colours or pink, where a second coating may sometimes 
be spared, by mixing some stroqg colour with the 
whitening. 

There are three methods by which paper-hangings are 
painted ; the first, by printing on the colours; the se- 
cond, by using the stencil : and the third, by laying them 
on with a pencil, as in other kinds of painting. 

When the colours are laid on by printing, the im- 
pression is made by wooden prints ; which are cut in 
such a manner that the figure to be expressed is made to 
project from the surface by cutting away all the other 
part; and this, being charged wim the colours tem- 
pered with their proper vehicle, by letting it gently 
down on a block on which the colour is previously 
spread conveys it from thence to the ground of the 
paper, on which it is made to fall more forcibly by m eans 
of its weight, and the effort of the arm of the person who 
uses die print. It is easy to conclude^ that there must be 
as many separate prints as there are colours to be printed. 
But where there are more than one, great care must be 
taken after the first to let the print fall exactly in the 
same part of the paper as that which went before, others 
wise the figure of the design would be brought into 
irregularity and confusion. In common paper of law 
price, it is usual, therefore, to print only fhe outlines, 
and lay on the rest of the colours by stencilling, which 
both saves the expense of cutting more prints, and can 
be practised by common workmen, not requiring the 
great care and dexterity necessary to the using several 
prints. 

The manner of stencilling the colours is this* The 
figure, which all the parts of any particular colour 
make in the design to be paiuted, is to be cut out » 
a piece of thin leather or oil-cloth, which pieces of lea- 
ther or oil-cloth are called stencils ; and being laid fiat 
on the sheets of paper to be printed, spread on a table 
or floor, are to be rubbed over with the colour properly 
tempered by means of a large brush. The colour pass- 
ing over the whole is consequently sprehd on those 
parts of the paper where the cloth or leather is cut 
away, and gives the same effect as if laid on by a print. 
This nevertheless is only practicable in parts where 
there are only detached masses or spots of colours ; for 

where 
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where there are mail continued lines, or parts that 
run one into another, it is difficult to preserve the con- 
nexion or continuity of the parts of the cloth, or to 
keep the smaller corners close down to the paper : and, 
therefore, in such cases, prints are preferable. S ten- 
celling is indeed a cheaper method of ridding the work 
than printing; but without such extraordinary attention 
and trouble as render it equally difficult with printing, it 
is far less beautiful and exact in the effect. For the 
outlines of the spots of colour want that sharpness and 
regularity that are given by prints, besides the frequent 
extralineations or deviations from the just figure, 
which happen by the original misplacing of the sten- 
cils, or the shifting the place of them doling dm 
operation. 

Pencilling m only used in the case of nioer work, such 
as the better Imitatioito of the India paper. It is per- 
formed in the same manner as other painting in water or 
vanish. It is sometimes used only to fill the outlines 
already formed by printing, where the price of the 
colour or die exactness of the manner in which it is 
required to be laid on, render the stencilling or printing 
it less proper ; at other times it is used for forming or 
delineating some parts of the design, where a spirit of 
freedom and variety, not to be had in printed outlines, are 
desired to be bad in the work. 

The paper designed for receivmg flock is first pre- 

i >ared with a vanash-ground with some proper co* 
our, or by that of the paper itself. It is frequently 
practised to print some mosaic or other small running 
figure in colours on the ground before the flock be laid 
on; and it may be done with any pigment of the co- 
lour desired, tempered with varnish, and laid on by a 
print cut correspondentiy to that end. 


The method of laying on the flock is this. A wooden 
print being cut, as is above described, for laying on the 
colour in such manner that the part of the design which 
is intended for the flock may project beyond the rest of 
the surface, the varnish is put on a block covered with 
the leather or oil-cloth, and the print is to be used also 
in the same manner, to lay the varnish on all the parts 
where the flock a to be fixed. The sheet thus pre- 
pared by the varnished impression is then to be removed 
to another block or table, and to be strewed over with 
flock, which is afterwards to be gently compressed by 
a board or some {other flat body, to make the varnish 
take the better bold of it, and then the sheet is to be 
hung on a frame till the varnish be perfectly dry; at 
which time the superfluous part of flock is to be 
brushed off by a soft camelVhair brush; and the 
proper flock will be found to adhere in a very strong 
manner. 

The method of preparing the flock is by cutting 
woollen rags or pieces of cloth with the hand, by 
means of a large bill or chopping-knife, or by means 
of a machine worked by a horse-mill. 

There is a kind of counterfeit flock-paper, which 
when weH managed has very much the same effect to 
the eye as the real, though done with less expense. 
The manner of making this sort is, by laying a ground 
of varnish on the "paper; and having afterwards printed 
the design of the flock in varnish in the same manner as 
for the true, instead of the flock some pigment or dry 
colour of the same hue with the flock required by the 
design, but somewhat of a darker shade, being welt 
powdered is strewed on the printed varnish, ana pro- 
duces nearly the same appearance. 


STARCH-MAKING. 


Ip a quantity of wheat-flour be formed into a paste, 
and then held under a very small stream of water, 
kneading continually till the water runs off from it co- 
lourless ; the flour, by this process, is divided into two 
constituents, viz. a tough substance, called gluten, which 
remains in the hand, and the water, which, running off 
white, deposits a white powder, known by the name of 
starch . The starch obtained in this manner is not alto- 
gether free from gluten, and, accordingly, its colour is 
not very white, and it has not that fine crystallized ap- 
pearance which distinguishes the starch of commerce. 
Manufacturers employ a more economical and more 


efficacious process, which it will be our business now 
shortly to describe. 

The mode of manufacturing the common starch, 
which is made for sale, is almost exclusively from 
wheat, though potatoes are sometimes used. This grain 
consists of gluten, fecula, a colouring extractive matter, 
and phosphate of lime; and it is the object of the 
starch-maker to separate the fecula alone from all the 
other ingredients. 

Wheat-starch is made in the following manner : — The 
grain, after being coarsely ground, is suffered to fer- 
ment with water for many days, by which, its texture is 
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entirely broken down, and the starch, which is scarcely 
alterable in the process, is probably more effectually 
separated from all the other ingredients, and obtained 
finer aud whiter. The actual method is this : — The 
wheat is first coarsely bruised, and placed in laige 
wooden vats water-fight, and intimately mixed with 
water. Here a fermentation begins after a time, which 
is a mixture of the vinous and acetous, and is attended 
with a strong, sour, mouldy smell. The wheat re- 
mains in the vat for about a fortnight, till the fermenta- 
tion ceases, which is known by its settling at the bottom 
of the vat. The contents are then emptied into a small 
tub, and mixed with fresh water, till all the pulpy part 
is thin enough to pass through a hair sieve, which sepa- 
rates the bran. What has gone through contains the 
starch, suspended in a very sour water, and considerably 
foul. This is put into tubs, and allowed to remain for 
two days undisturbed, during which the impure starch 
settles to the bottom. The water is then drawn off, the 
tubs or frames turned on their sides, and the dirty dis- 
coloured part of the starch, which is the last that sub- 
sides, and therefore is at the top, is scraped off, and 
the remaining starch is well washed and brushed, till 
it is nearly free from the muddy sediment, which is 
called slimes , and is treated separately to obtain its 
starch. The starch is stirred with freshwater, suffered to 
settle, and again cleansed, till its impurities are removed; 
it is then mixed with water enough to make it liauid, 
and passed through a fine lawn sieve. It is then fit to 
receive ks bluish colour, which consists of smalt mixed 
with water and a small quantity of alum, to be tho- 
roughly incorporated with the starch. After settling 
once more, the starch, is taken out and put into oblong 
boxes, about six feet long and one broad, with holes at 
the bottom, and lined with linen cloth, where the 
moisture of the starch drains off till it becomes solid 
enough to be cut into square lumps. These are laid on 
bricks which absorb much of the moisture, and make 
them sufficiently hard to be stovpd. Here the starch re- 
mains in a moderate heat, till a slimy crust rises to the 
surface, which is carefully scraped off, and the rest, 
which is now pure starch, is prepared and placed agaiu 
in the stove with a good hot fire, till it is quite dry. 


This last storing causes the lumps to crack pretty uni* 
formly into the small pieces in which they appear when 
sold. The slimes are treated in the same way till aU the 
starch is separated. All the refuse matter from starch- 
making affords very valuable food for fattening hogs. 
The whole time of making starch, from the first steep- 
ing of the wheat to the last storing, is about five or ax 
weeks ; five hundred and fifty-one Winchester bushels of 
wheat will make about six ton of starch. This will be 
about -fj of the weight of the wheat. 

In the process of starch-making a great quantity of a 
sour nauseous milky water is obtained, from whidt the 
starch subsides after it is removed from the fermenting 
vat This has been analyzed with great care by Vao- 
quelin, and is found to contain the following substances, 
viz. acetous acid, ammonia, alcohol, gluten, and phos- 
phate of lime ; but, of .these, only the two last are na- 
tural to the wheat, the others are, undoubtedly, the 
products of the fermentation, the ammonia being gene- 
rated by the decomposition of part of the gluten, the 
alcohol by the saccharine mucilage which every species 
of grain contains, and the acetous acid, perhaps, from 
all die other principles. The peculiar office which this 
acid performs in starch-making is to dissolve the gluten* 
and phosphate of lime, and thus to separate them from 
the pure starch. Hence, when wheat is employed, 
arises the necessity of continuing die fermentation long 
enough to generate a sufficient quantity of acetous add; 
for the other grains and roots, which afford starch, con- 
tain little or ho gluten.. A considerable quantity, how- 
ever, of the starch must be destroyed in the process, 
for wheat contains much more of it than is obtained in 
the manufacture, as may be found by washing flour-paste 
with water, in the way mentioned m the beginning of 
this article. 

Starch has a fine white colour, and is usually con- 
creted into longish masses; it has scarcely any smell, 
and very little taste. It does not dissolve in cold water, 
but falls to powder. It combines with boiling water, 
and forms with it a kind of jelly, which may be diffused 
through boiling water, but when the mixture is allowed 
to stand a sufficient time, the starch slowly precipitates 
to the bottom. 


TALLOW AND WAX-CHANDLERY. 


These trades, when united, consist principally in the 
manufacture of candles. A candle has been defined a 
cotton wick, loosely twisted, and covered with tallow, 
wfox, or spermaceti, in a cylindrical figure, which, be- 
ing lighted at the end, serves to illuminate the place iu 


the absence of the sun. In general, the trades are 
distinct, the tallow-chandler manufacturing tallow-can- 
dles only ; the wax and spermaceti being made by the 
wax-chandler. 

The cotton used for dipped, or common candles, 

is 
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is brought from Smyrna, in the wool, which grows on 
trees in the shape of nuts ; the shells enclosing the 
cotton. The cotton for . moulded candles comes from 
Turkey, and the adjacent countries, packed in bales, 
which, when brought to England, is made to perform 
quar^rtine, lest in the unpacking on shore, it should, be 
infected with some pestilential disorder. 

The tallow-chandler employs women to wind the 
cotton into large balls ; he then takes five, six, or eight 
of these balls, and drawing out the threads from each, 
cuts them into proper lengths, according to the size of 
the candles wanted. The machine for cutting the cotton 
is a smooth board, made to be fixed on the knees ; on 
the upper surface are the blade of a razor, and a round 
piece of cane, placed at a certain distance from one an- 
other, according to the length of the cotton wanted: 
the cotton is carried round the cane, and being brought 
to the razor, is instantly separated from the several 
balls. 

The next operation is denominated “ pulling the cot- 
ton,” by which the threads are laid smooth, all knots 
and unevennesses removed, and, in short, the cotton is 
rendered fit for use. It is now spread, that is, placed 
at equal distances, on rods about half an inch in dia- 
meter and three feet long ; these are called “ broaches.” 

A tallow-candle, to be good, must be of sheeps’ and 
bullocks' tallow. The wick ought to be pure, suffici- 
ently dry, and properly twisted, otherwise the candle 
will emit an inconstant vibratory flame, which is both 
prejudicial to the eyes and insufficient for the distinct 
illumination of objects. 

There are two sorts of tallow-candles; the one 
dipped, the other moulded: the former are common 
candles. The tallow is prepared by chopping die fat, 
and then boiling it for some time in a large copper ; And 
when the tallow is extracted by the process of fire, the 
remainder is subjected to the operation of a strong iron 
press, and the cake, that is left after the tallow is ex- 
pressed from it is called greaves : with this dogs are fed, 
and the greater part of the ducks that supply the Lon- 
don markets. 

When the tallow is in proper order, the workman 
holds three of the broaches with the cottons properly 
spread between his fingers, and immerses the cotton 
into the vat containing the tallow : they are then bung 
on a frame and suffered to cool ; and when cold they 
are dipped again, and so the process is continued till die 
candles are of a proper size. During the operation, the 
vat is supplied from time to time with fresh tallow, 
which is kept to the proper heat by means of a gentle 
fire under it. 

An invention of modern date has taken off much of 
the labour of the tallow-chandler, in dipping candles : 
this consists in the mode qf dipping. The wicks are pre- 
pared as has been described, and spread on the broaches, 
and when five or six of these broaches are filled with cot- 
ton, they are, at both ends, fixed into two small pieces of j 
box wood, so as to unite, as it were, the several broaches 
into one moveable frame, full of wicks. This frame is - 
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suspended on one end of a lever, over the vat, while 
the other is balanced with weights in a scale, which may^ 
be increased as the candles become larger and heavier/ 
The workman, by this simple and excellent contrivance, 
has only to guide the candles, and not to support the 
weight of them between his fingers. 

The mould, in which the moulded candles are cast, 
consists of a frame of wood, and several hollow metal 
cylinders, generally made of pewter, of the diameter 
and length of the candle wanted : at the extremity of 
these is the neck,' which is a little cavity in form of a 
dome, having a moulding withinside, and pierced in the 
middle, with a hole big enough for the cottou to pass 
through. The cotton is introduced into the shaft of the 
mould by a piece of wire being thrust through the aper- 
ture of the hook till it comes out of the neck: the 
other end of the cotton is so fastened as to keep it in a 
perpendicular situation, and in the middle of the can- 
dle ; the moulds are then filled with warm tallow, and 
left to be very cold before they can be drawn out of the 
pipes. 

Besides these, there are other candles made by. tal- 
low-chandlers, intended to bum during the night without 
the necessity of snuffing : the wick has been usually made 
of split rushes ; but lately very small cotton wicks have 
been substituted for the rush : these are lighted much 
easier, are less liable to go out, and, owing to the small- 
ness of the cotton, they do not require the aid of snuffers. 

To make Wax-candles with the Ladle . — The wicks 
being prepared, a dozen of them are tied by the neck, 
at equal distances, round an iron circle, suspended di- 
rectly over a large bason of copper, tinned and full of 
melted wax : a large ladleful of this wax is gently 
poured on the tops of the wicks one after ano- 
ther, and the operation continued till the candle arrives 
at its destined bigness, with this precaution, that the 
first three ladles be poured on at the top of the wick ; 
the fourth at the height of three-fourths, the fifth at 
one-half, and the sixth at one-fourth, in order to give the 
candle its pyramidal form. Then the candles are taken 
down, kept warm, and rolled and smoothed upon a 
walnut-tree table, with a long square instrument of box, 
smooh at the bottom. 

As to the manner of making wax-candles by the hand 
the workmen begin fo soften the wax by working it several 
times in hot water, contained in a narrow but deep caldron. 
A piece of the wax is then taken out, and disposed by 
little and little around the wick, which is bung on a 
hook in the wall, by the extremity opposite to the neck; 
so that they begin with the large end, diminishing still 
as they descend towards the neck. In other respect* 
the method is nearly the same in the former case. 
However, it must be observed, that in the former case 
water is always used to moisten the several instruments, 
to prevent the w ? ax from sticking ; and, in the latter, oil 
of olives, or lard, for the hands, &c. The cylindrical 
wax-candles are either made as the former, with a ladle, 
or drawn. Wax-candles, or tapers drawn, are so called 
because they are actually drawn in the manner of wire 
6 Y by 


Digitized by 



1 


44* T^NNIBfG. 


by meu» of two large idlers of wood turned by. a 
bundle, vrbicb turning backwards and forwards several 
times, pass die wiffk through naplted was contained in a 
brass fcason, and s*t tb« saute time through the holes of 
an instrument like that used for drawing; wire, fastened 
on one side of the bason. 

The waxrchandler makes and sells sealing-wax, and 
wafers* It is from the combination of lac with Venice 
turpentine, sealing-wax is formed. Four parts of lac 
are said to be melted with two of turpentine, and two 
of rssiu: the composition U coloured red kjMke addition 


of one part of cianabar and one «f raddeadt 

the. addition of lamp-black.TrSee Murray’s Chearaiafspv 

vol. iv. 

Wafers are said to be made-tin the foDovriog nniiiiipk ; 
--•Take very, fine flour, mix it. with the white of mw 
isinglass, and a little yeast; well mis the matafis, 
and spread the battes, thus formed, on evsa,lh|d|^ 
and diiy: them on a stone, then cut them oufc'for.tgse. 
They may be coloured with vermilion or reddaadj' or 
indigo, saffron, turmeric, gambouge, &e. fe 

t 
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Tan/ Urania, or the principle that effects the operar 
tion of the art, of tanning, is usually, produced from the 
bark of oak, chopped and ground ip a mill into a coarse 
powder. M. Deyeux was the first cbenjist who ascer- 
tained and gave an account of the peculiar nature of 
tan. He pointed it out in his analysis of nut-galls, as 
a peculiar resinous substance, but without assigning to 
it a name. Seguin, who ranks high in France, as a 
chemist, and as one who has entered deeply into the 
principles of tanning, though not so much regarded 
by the tanners in England, engaged in a very extensive 
set of experiments on the art of tanning leather, during 
which he discovered that tan has the property of pre- 
cipitating glue from its solutions in water, and also of 
combining with skins of animals. This led him to 
suppose it the essential constituent of the liquids em- 
ployed for the purpose of tanning leather, and hence 
arose the names tan , tannin > and tanning principle 
given it by the French chemists. To M. Proust, how- 
ever, we are indebted for the investigation of the nature 
and properties of tan, and of the methods, by which it 
i$ obtained in a separate state. Much curious and im- 
portant information has been obtained by the experi- 
ments of Sir Humphry Davy, on the constituent parts 
qf astringent principles, and on their operation in the 
business of tanning, and to the papers of that gentleman, 
which we understand are founded on practice, we shall 
be chiefly indebted for the rules hereafter given, as 
guides to the English Tanner. 

Tan exists in a great number of vegetable substances, 
but it may be procured most readily, aud in the greatest 
purity from nut-galls and catechu. Nut-galls, are, as 
most of our readers know, excrescences formed on the 
leaves of the oak by the puncture of an insect which 
deposits its eggs upon them. The best are known by 
the name of Aleppo-galls, imported in large quantities 


into this country for the use of dyers, ca£«Q~prij0mr 
8cc. They are hard like wood, round, often jeodujkttd 
on the surface, of an olive-green colour, . and of as ex- 
cessively disagreeable taste. They are, in a measure, 
soluble iu water, aud wbat remains is tafttetagfefad 
possesses the properties of the fibre of wood* A uery 
great proportion of water is necessary to cap^y C&mpry 
thing soluble. It has been ascertained that irff < ^prH 
and fifty English pints of water are necessary. Jpg ' ^ M 
whatever is soluble in a pound troy-wfigfo. a 
The soluble pact of nut-galls consists cbud% 
ingredients, viz. tan ; extract; gallic-acid; m® 
ana lime : but tan constitutes more than two-tf 
the whole. Hence the importance of oul 
oak-bark in the art of tannings of which; the 
is a hrief description* . t ^ _ 

Hides quickly become putrid when ip ,a 
state, but may be preserved for a great 1 m 5A 
by being perfectly dried, but then are hai^ Kte* ItoB*, 
and not fit for aity useful purpose. Xke^ ia^ppuu- 
ences are obviated by tanning, and they theft the 
name of leather. To tan a bide, is to saturate fc with 
tannin, or the astringent, principle of vegetables* PuMBF 
that means, to render it incorruptible. We, shuH^qpt 
here dwell upon the theories by which the operations 
and the effect of tanning have beau explained; but shall 
content ourselves with observing that M. Seguin has shewn 
that the tannin unites itself with the gelatine which turns 
almost the whole of the hide, and that there theucu re- 
sults a new substance possessing properties altogether 
distinct. In order to prepare a hide for receiving the 
tan, it is necessary to begin by removing the hair, sepa- 
rating the adhering pieces of fat, 8lc. These prsjinu- 
nary operations are performed in the followings r$«n- 
ner : — 

When the hides, which are to be tanned, are nu? (in 

which 
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wllickatele ikttymt eatkd<0tte*hich»), Ibey ar* pat to 
slMp m water, i» orckt to cleat them of the blood and 
il$ they may have collected in the aktughter-hQwa. 
Tbar am left to aoak in the water for some time, and 
if if© hides are dry, they are steeped a longer time, 
lOffcntimri for fourteen days ; km in hot weather, or 
nttgm in cofd. They are drawn out once or twice to 
nrirjif they are well softened, The neighbourhood and 
A^yynunand of water are necessary to these opera? 
ihft. Without that the hides cannot be prepared. 

ihftes the hides have been well softened thoy next 
proceed to cleanse or free them from the hair. With 
thk intention several different methods are employed ; 
tW which is the oldest, and still most generally follow- 
ed* consists in die application of lime, in all tan* 
neries, pits are farmed- undea-ground, having their sides 
Kind with stone or brick* in which lime-stone is stacked 
so as to form milk of lime. These pits are divided 
into three kinds, according to the greater or less strength 
of the lime. The hides intended to be scoured are first 
put into the weakest of these pits, wherein they are 
allowed to remain until the hair readily y ields to the 
touch. If this liquor be not sufficiently active, they are 
sepaoved to the neat ia gr ad atio n . The time they are 
soaked is longer or shorter in proportion to die strength 
of the lime,, the temperature of the air, and tba nature 
of the hides. It has been proposed to substitute lime- 
water in place of the milk of lime. But, though the 
lime-water acts at first with sufficient strength, its action 
is not sufficientl y permanent, and, iu order to succeed 
in f leering the hide, by this means, it is necessary to 
renew it occasionally ; and in this way the bides may be 
prepared in a few days. In some tanneries, after they 
have been kept in the pits for a short time, they pile 
them hd in a heap on the pound, in which state they 
are suffered to remain during eight days ; after which 
tfcdy return them into the same pits from whence they 
wmn taken, and this process is repented till the hair can 
be' easily scraped off. 

In many countries they mix a large quantity of ashes 
with the lime ; but the only effect this mixture appears 
to prodn eg is that of rendering the leather less con- 
sistent than when limn is solely employed. Many attri- 
bute the bad qualities of leather to the too great use of 
laaae, which has a tendency to burn and render it brittle. 
Hence, in several well-conducted tanneries, in manu- 
facturing leather for soaae particular uses, the employ- 
ment of lime is carefully avoided. Hides may, in- 
deed, be cleansed by subjecting them to an incipient 
fermentation, which may be produced in a variety of 
ways. But in whatever manner the first part of the 
operation has been conducted, as soon as it is per- 
eeived that the hair ie in a fit state to be removed, it ia 
scraped off, on a wooden horse, by means of a crooked 
knife/ which is not so sharp in any part of its edge as 
to injure the hide, or, by a whet-stone. This opera- 
tion is not only intended to remove the hair, but likewise 
the scurf and filth which collects on the skin at the soot 
of die hair. 


After rerneriag the heir and- filth, the mat ab- 
ject ia to ffee the hides from the adhesion of any park 
of the muscle, or fat, and to render them soft and 
pliant. Those which are intended for particular kinds 
of work, such as calves’ skins for the upper leather of 
shoes, and neats’ leather for shoulder-belts, do not re- 
quire to be raised or swelled. As soon, therefore, 
aa they are cleansed and freed from the flesh, &c. they 
are laid in a pit. The hides intended for the soles of 
shoes, and other strong leathers, are afterwards raised 
by means of processes which vary in different countries. 
When lime is employed, the operation is commenced 
by putting the cleansed skins into the weakest of the 
lime-pits, and afterwards passing them successively 
through the two others. They are kept about a week 
in each of the two weakest pits, and another in the 
strongest. During this operation care is taken to with- 
draw them, and pde them up m a heap, every two or 
three days, putting them again into the pit after it has 
been well stirred. Lime hardens the akin, and in those 
tanneries where it is used, the hides are put into a ley 
of pigeons’ dung in order to soften them, and this pro* 
cess is termed graining. They are daily withdrawn from 
the ley, and laid up in a heap for half an hour. This 
operation is usually continued for ten. or fifteen days. 
Sometimes also acid compositions are employed foe 
raising the hides; and this operation is greatly acce- 
lerated by using the acids warm, as well as by the mo* 
thod practised in this country, of removing them from 
a weaker liquor into a stronger, uuyl they, be properly 
raised or swelled. 

The skin being thus prepored, is next subjected to 
the operation of tanning; and to this purpose vege- 
table astringents are employed. Those vegetables an- 
swer best which contain the greatest portion of the 
astringent principle, now known under the name of 
tannin. Mr. Davy has demonstrated that caoutchouc 
or Japan earth, contains more of this principle than 
any other vegetable with which we are acquainted ; but 
oak bark is the substance most commonly employed in 
our climates; for it is not only very abundant in Europe, 

I but likewise contains much tannin. Every species of 
oak, however, does not supply us with bark of the 
same quality ; the white oak is inferior to the green oak 
which grows in the south, while this in its turn yields 
in the value of ita bark to that procured from the roots 
of the kermea-beariug oak, which i« employed it) 
southern climates for tanning strong leathers. But 
whatever kind of bark be employed, it is previously 
i ground down to powder. The tau-pits are sometimes 
of a round, and at others of a square form, dug out to 
a considerable depth in the earth, and lined with wood 
or maaon-work ; their size being in proportion to the 
extent of the works. Tbe method of tanning is dif- 
ferent in different countries. 

According to calculation, from five to six pounds of 
tan is required to each pound of strong leather; and one 
hundred weight of bides yields from fifty-two to fiftyvsix 
pounds of leather. 

It 
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It appears that the operation of tanning is nothing 
more than combining the tannin, or astringent principle 
with the gelatin, which is the basis of the skin, and all 
the manipulations of the art are directed to effect or 
facilitate this combination. We will now detail another 
method chiefly takeu from Mr. Davy’s memoir on the 
subject. 

After the skin has been cleaned, it is submitted to 
other operations before it is immersed in the tan liquor. 
According to Mr. Davy’s account of the practices of 
the art, the large and thick hides which have undergone 
incipient putrefaction, are introduced for a short time 
into a strong infusion of oak bark, and after this they 
are acted on by water impregnated with a little sulphuric 
or acetic acid ; in consequence of which they become 
harder and denser than before, and fitted after being 
tanned, for the purpose of forming the stouter kinds of 
9ole leather. The lighter and thinner skins are treated 
in a different manner : they are macerated for some days 
in a ley formed from the infusion of pigeons’ dung in 
water, which contains a little carbonate of ammonia; 
the skin is thus deprived of . its elasticity, and becomes 
more soft. 

The tanning liquor is prepared by infusing bruised 
oak bark in water ; and skins are tanned by being suc- 
cessively immersed in such infusions, saturated in dif- 
ferent degrees with the astringent principles of the 
bark. The first leys in which they are immersed are 
weak, but towards the completion of the process they 
are used as strong as possible ; and in preparing stout 
sole leather, the skins are kept in an ooze, approaching 
to saturation, by means of layers of oak bark. 

The infusion of oak bark, especially that obtained by 
the first maceration, contains principally tannin and 
extractive matter; the gallic acid, if present, as has 
been supposed, being at least in an inconsiderable pro- 
portion. In the course of the maceration of the skins 
in these liquors, the tannin combines gradually with 
the gelatin, which, in an organized form, principally 
constitutes the skin, and forms with it a compound in- 
soluble in water, dense and impermeable to that fluid, 
while it possesses at the same time a certain degree of 
elasticity. The extractive matter also enters into the 
combination; for when skin in a large quantity has ex- 
erted its full action on a small quantity of infusion, it at 
length abstracts the whole dissolved matter, and renders 
it colourless. From this extractive matter colour is 
derived, and the skin may perhaps be rendered more 
dense. 

It has been supposed, that the gallic acid frequently 
contained in vegetable astringents, facilitates the action 
of their tanning, in converting skin into leather. Ac- 
cording to the theory of the operation, as given by 
Seguin, skin is gelatin in a hardened state from slight 
oxidizement ; the gallic acid in some measure de-oxi- 
dizes it, and hence reduces it to that state in w hich it 
combines more easily with gelatin. There is little proof 
given, however,, of this theory ; and it appears suffi- 
ciently established, that the operation can be performed | 


without the presence of this add ; and indeed in the 
tan liquor prepared by oue maceration from oak 
bark it is scarcely discoverable, and, if it do in 

it, it is iu intimate combination with the extractive 
matter. 

The operation of tanning, as now described, requires 
a number of months, from the akins being successively 
and slowly introduced into infusions of different degree* 
of strength. Seguin, after his discovery of tamnn, pro- 
posed to abridge the process by introducing the skins 
more speedily into strong infusions of the tanning pb- 
stance; and in this way, according to the exceSent 
report given on the art of tanning by Pelletiere and 
Lelivre, in which his method is fully, described, the 
whole could be finished in about twenty days, and 
leather obtained equal in quality to that prepared by 
the old method. There is reason, however, to doubt 
of the superiority of this new method. Mr. Nicholsoo, 
in some observations on this subject, when a patent was 
taken out for Seguin’s method in this countiy, stated, 
that from information acquired from the manufacturers, 
he found that they had previously been sufficiently ac- 
quainted with the powers of the strong tanning infu- 
sions ; and that it had been even proposed to employ them 
so as to abridge the process. But the leather thus pre- 
pared was by no means equal to that prepared in the 
old method. The advantage of the slow and gradual 
process appears to be, that the whole substance of die 
skin is penetrated and equally changed ; while in the 
more rapid method the external parts must be more 
acted on; and the texture probably will be more un- 
equal. It appears also from Mr. Davy’s ex perimen ts, 
to combine w ith a larger quantity of the extractive mat- 
ter contained in the astringent infusion ; and hence, too 
the advantage of the immersions in the weak liquors, 
as these contain more of this than the strong infusions. 
It must be confessed, however, that for may thing 
theory can discover, the common process appears 
to bei unnecessarily protracted, and some advantage 
might probably be derived from adopting some-ofthe 
manipulations of Seguin. 

The skin in drying increases in weight from the fix- 
ation of the vegetable matter : the quantity of tins sel- 
dom exceeds one-third of its weight. The increase is 
greater, according to Mr. Davy s experiments "from 
quick than from slow tanning. In the latter, he sup- 
poses more of the extractive matter enters into combi- 
nation, and this weakening the attraction of the skin to 
tannin,- less of it is absorbed, and less vegetable mat- 
ter on the whole enters into the composition of the 
leather. Probably also, in the slow process, mote of 
the animal matter is removed. Other substances are 
used in tanning, as the bark of the willow, elm, and 
other trees, and, as we have seen, galls and catechu. 
The leather prepared from these varies in colour, and iu 
some other external qualities. 

Catechu, or terra Japonica, as it is sometimes called, 
is a substance obtained by decoction and evaporation 
from a species of Mimosa , which abounds in India. 

There 
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There are two varieties of it ; one from Bombay, and 
the other from Bengal. This substance is found to 
consist chiefly of tan, combined with a peculiar species 
of extract. Tan is chiefly found in the bark of trees, 
but it has been obtained from the sap, the wood, and 
even the leaves. It varies in quantity according to the 
season of the year, and it likewise varies with the age 
and size of the trees. The greatest proportion of tan is 
contained in the inner barks. The epidermis usually 
contains none. The following table exhibits the pro- 
portion of solid matter extracted by water from different 
vegetable substances, and the quantity of tan contained 
ia that solid matter, as ascertained by the experiments 
of Mr. Davy ; 

Solid 


One Ounce of 

Matter. 

Tan. 

White inner bark of old oak, contains 

108 

72 

young oak 

111 

77 

Spamsh chesnnt 

89 

63 

Leicester willow 

117 

72 

Middle bark of oak 

43 

19 

* — Spanish chesnut 

41 

14 

Leicester willow 

34 

16 

Entire bark of oak 

61 

29 

Spanish chesnut 

53 

21 

Leicester willow 

71 

33 

Sicilian sumach 

165 

78 

Malaga sumach 

156 

79 

Bombay catechu 

— 

261 

Bengal catechu 

— 

231 

Nut-galls 

180 

127 


Of Tawing, Leather-dressing and Dyeing , and other 
Processes . — The dressing and preparing of the skins of 
lambs, sheep, goats, and other thin hides, though in 
many particulars closely resembling the method used 
with the thick cow and 'ox hides, forms a totally distinct 
branch of business, and is one in which a good deal of 
practical skill and nicety of manipulation are required 
to succeed perfectly. The processes are various ac- 
cording to the article required, and this branch of the 
manufacture supplies the immense demand of white and 
dyed leather for gloves, the morocco leather of dif- 
ferent colours and qualities for coach-linings, book- 
binding, pocket-books, and thin leather for an infinite 
number of smaller purposes. Of these the white 
leather alone is not tanned but finished by the process of 
tawing, the coloured leather receives always a tanning 
independently of the other dyeing materials. The pre- 
vious preparation of each, or that in which the skin 
is thoroughly cleansed and reduced to the state of 
simple membrane in which it is called pelt, is essen- 
tial]^ the same whether for tawing or dyeing. It is thus 
performed at Bermondsey, near London, a place long 
celebrated for all branches of the leather business. 

By far the greater number of the skins are im- 
ported : if lambs, they are thus prepared ; the skins are 
soaked for a time in water, to cleauire them from any 
loose dirt and blood, and put upon the beam commonly 
used for the purpose, which is a half cylinder of wood 


covered with leather, add scraped on the flesh side 
with the semicircular blunt knife with two handles, used 
in this operation. They are then covered with a coat 
of lime of the consistence of paint, on the flesh side, 
and hung up in considerable numbers in a small 
close room heated by flues, where they remain to 
putrefy for a given time. During this process a thick* 
slime works up to the surface of the skin, by which 
the regularity of die process is ascertained, and the 
wool is loosed so that it readily comes off with a 
slight pull. Each skiu is then returned to the beam, 
the wool takeu off, and all the lime worked off with 
the knife, and the rough edges pared away. The 
skin is then put into a pit filled with lime-water 
and kept there from two to six weeks, according to 
the nature of the skin, which has the effect of 
checking the further putrefaction, and produces a very - 
remarkable hardening and thickening of its substance, 
and probably also it detaches a further portion of the 
slime. The skin is again well worked, and much of 
its substance pared down, and all inequalities smoothed 
with the knife. Pains and judgment are required in 
these operations on the one hand not to endanger 
the substance of the skin by the putrefaction, and on ' 
the other hand to work out every particle of the lime, 
of which the least if retained will prevent the skin 
from dressing well in the subsequent processes, and 
from taking the dye uniformly and well. The skin is 
then again softened and freed from the lime. All die 
thickening produced by the lime is thus removed, and 
the skin is now highly purified, and is a thin extensible 
white membrane called in this state a pelt, and is fit 
for any subsequent operation of tawing or dyeing, or 
oil-dressing, or shammoying. 

The method of bringing kid and goats’ skins to the 
state of pelt is nearly the same as for lambs, except that 
the lining is used before the hair is taken off, the hair 
being of but little importance, and only sold to the 
plasterers ; but the lambs’ wool, which is more valu- 
able, would be greatly'injured by the lime. Kids’ skins 
will take a longer time in tanning than lambs’. 

If the pelts are to be tawed they are put into a 
solution of alum and salt in warm water, m the pro- 
portion of three pounds of alum and four pounds of salt 
to every ISO middle sized skins, and worked therein till 
they have absorbed a sufficient quantity. This again 
gives the skin a remarkable degree of thickness and 
toughness. 

The skins are now taken out and washed in water, 
and then again put into a vat of bran and water and 
allowed to ferment, till much of the alum and salt is got 
out and the unusual thickening produced by it is for the 
most part reduced. They are then taken to a room 
with a stove in the middle, and stretched on hooks, and 
kept there till fully dry. The skins are now converted 
into a tough, flexible, and quite white leather ; but to 
give them a glossy finish, and to take off the harshness 
of the feel still remaining, they are again soaked in 
water, and put into a large pail containing the yolks of 
6 Z eggs 
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tggi beat- up- wMi water. H»ro the skin* are trodden 
ter a long time, by which they so imbibe the substance 
ofcfce eggthat the liquor above them is rendered almost 
perfectly limpid; after which they are hung up in a loft 
t*dry, aHd*finishe<l*by glossing with* a warn irom 

The essential' difference, therefore, between taming* 
and tawing is, that in the former awe the pelt isi com* 
bined 'with tan and* other vegetable matter, and in tbe^ 
latter with something that it imbibes from the alum 
and salt (possibly alumine); an d which is neves again 
extracted by the subsequent washing and branding. 

The Morocco leather, as it is called, prepared from 
•beep-skins chiefly, and used 1 so largely for coach* 
linings, pocket-books, and the best kind of book- 
binding^ is thus made : the skin, cleansed and worked in 
the way already described) is taken from the lime-water, 
and the thickening brought down, not by bran liquor 
as in tawing, but by a bath of dogs’ or pigeons’ dung 
diffused in water, where it remains till suppled, and till 
the lime is quite got out and it becomes a perfectly 
white clean pelfc If intended to be dyed red it i9 then 
sewed up very tight in the form of a sack with the 
grain side outwards/ and is immersed in a cochineal 
bfcth of a warmth just equal to what the hand can sup- 
port,* and is worked about for a sufficient -time till it is 
utufbrmty dyed. The sack is then put into* a large vat 
containing sumach infused in warm water, and kept for 
some hours till it is sufficiently tanned. 

The skins intended to be black, or any colorr but red* 
are merely sumached without any previous dyeing. Af- 
ter some further preparation, the colour of the red skins 
being finished with a weak bath of saffron, the skins when 
dry are grained and polished in the following way ; they 
are stretched very tight upon a smooth inclined board, and 
rubbed over with a little oil. Those intended for black 
leather are previously rubbed over with an iron liquor,* 
which uniting with the gallic acid of the sumach) in- 
stantly strikes a deep and uniform black. They are 
then rubbed by hand with a b&U of glass with much 
manual labpur, which' polislies them and makes them 
very firm and compact. Lastly, the graining or ribbed 


surface-By which this- kind * bfi leather* is? distinguished^ j, 
given i by /rubbing the leataerveiy strongly* wi that ball of 
boxwood) round the centre? of which* at number* of 
smell equidistant parallel* grooves? are cot; forming an 
equal number of narrow ridges* the. friction oft which 
gives' the leather the desired inequality of suifaCfe 

The- process for the. real? Morocco:* leather} a* pm* 
pared from goat-skins at Kez and Tetuaa^ i*.~thttr do** 
scribed by- Mi Broussonet. Thfe skim arCrfirat cleansed; 
the hair taken. off* limed) and? reduced with bran 
nearly in the way already described for the KnjfiA 
morocco leather After coming from the bran they 
are thrown into a second bath made of white ilga mixed 
with water, which is thereby rendered slimy and ’ fer- 
mentable. Iit this bath the skins remain four or five 
days, when they are thoroughly salted with sal-gem, or 
rock salt alone, after which they are . fit to receive the 
dye, which for the red is cochineal and alum, and for tlie 
yellow, pomegranate bark and alum. The skins are 
then tanned, dressed, suppled with a little oil, and dried. 

; Much excellent leather, and of various colours, is ma- 
nufactured in different parts of Russia ; of which, the 
processes are given in Mr. Tooke’s “ View of the Rus- 
sian Empire,” Vol. III. The saffian, or nmnoquin, 
which is prepared largely at Astracan, is manufactured 
only from the skins of goats and bucks; the usual co- 
lours of these are red and yellow. The sh agreen , which 
is abo manufactured at Astracan, consists of hides of 
horsesend asses ; but of these only a small part is used, 
cut from the crupper-line along the back about thirty- 
four inches upon the crupper, and twenty-eight along the 
back. The chief dyes of shagreen are green, blue, and 
black. 

Various prooesses have been inuentedtto render leather 
for shoes and boots water-tight, .which is. effected by as 
additional dressing* with .an oily or resinous/ matter : the 
following recipe -is said to be effectual. One pound of 
linseetMnl; half a pound of mutton isueft ; six o usees of 
bees-wax,>and;four ofresin, are Xo be melted, thoroughly 
incorporated, and applied;* while 'warm* to the upper- 
leather and die soles. 


TIN-PLATE-WORKING. 


th^affipiftf wb|fh3her^ js^between r tin and iron 
is; founded the art, of. forming whet, is compaonly. called 
tinplates, whi^fr is, pjfoperfyi tinned iron* ,or as it is 
denominated in Scotland, and . also on the Continent, 
wbti.e iron* ' The, process in manufacturing, these plates 
isaimply this; thin .plates of maUeabfe, iron thoroughly 
•learod , a ve M 


of melted tin, the surface of which fluid metal w pro- 
tected from oxydizement by the air, by a thin layer of 
melted tallow, the tin unites with the iron at each sur- 
face, but whether the two metals actually combine is 
not yet ascertained. The iron thus acquires a white 
colour, is rendered less liable to rust, and its ductility 
is, scarcely at all impaired; hence the plates can be 
l i easily 
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entity bettt, L ahd'from t fife altof of tio at the stt rftte can 
be also efcsity worked, bookplates when tinned over, 
and wbidi are very thfti, hfcve been denominated latten. 
OT the manufacture of these we have an account in 
tbfc Philosophical : Transactions of the Royal Society, 
attfT from which' we shall extract some particulars. 
I*Tates of iron being prepared : of a proper thickness, are 
smithed by rusting them in an actd liquor, aS common 
water made eager with ry£; with this liquor they fill 
certaiif trough, and then put in the plates, which they 
turn onte or twice a day that they may be equally 
rdstikf ovet ; after this; they are taken out and well 
scowered with sand, and to prevent their rusting again 
are immediately plunged into pure water, in which they 
are to be left till the instant they are to be tinned or 
blanched, the manner of doing which is this : they flux 
the tin in a large iron crucible, which has the figure of 
an oblong pyramid with four faces, of which two oppo- 
site ones are less than the two others. The crucible is 
heated only from below, its upper part being luted with 
the furnace all round. The crucible is always deeper than 
the plates which are to be tinned are long ; they always 
put diem in downright, and the tin ought to swim* over* 
them ; to this puroose artificers of different trades pre- 
pare plates of different shapes, though M. Reaumur 
thinks them all exceptionable. But the Germans use 
no sort of preparation of the iron to make it receive the 
tin, more than the keeping it always steeped in water 
till the time only when the tin is melted in the crucible, 
they cover it with a layer of a sort of suet, which is 
usually two inches thick, and the* plate must pass 
through this before it can come to the melted tin. The 
fiftt use of this covering is to keep the tiu from burning; 
for if any part should take fire the suet would soon 
moisten it* 'and reduce it to its primitive state again. 
Th* blanchers kay, this suet is a compounded matter ; it 
is indeed Of a black colour, but M. Reaumur supposed 
that to be only an artifice to make it a secret, and that 
it is only coloured with soot or the smoke of a chiriiney, 
but hO found it true so fsfr that the ! common unprepared 
suet was not sufficient; for after several' attempts, there 
was always Something wSntihg td rendef the success of 
the operation certain. The whole secret of blanching, 
therefore; was found to lie in the preparation of this 
suet, and this he discovered at length 1 to consist in the 
first frying and burning it. This simple operation hot 
only gives it the colour, but puts it into a condition to 
give the iron a disposition to be tinned, which it does 
sufprifchigty. The melted tin must also have a certain 
degree of heat, for if it is not hot enough, it will not 
stirt to the iron : and if it is too hot it will cover it 
with toO thm a coat, and the plates will have several 
cotours, as red, blue, and purple, and upon the whole 
have a cast of yellow. To prevent this, by know ing 
when the fire has a proper degree of heat, they might 
try with small pieces of iron; but in general, use 
teaches them to know the degree, and they put in the 
iron when the tin is at a different standard of heat, 
according as they would give it a thicker or a thinner 


coat. Sometimes' also they give die {dates a dotibfo 
layer, as they would have them veiy thickly covered; 
Tliis they do by* (lipping them . into the tin, when very 
hot, the first time; and wftbn less hot the second. The 
tin which is to give the second coat must be fresh co- 
vered With suet, and* that With the common su#t, not 
theprepared. 

Tin-plates are often manufactured in a* different way: 
the iron in bars, or plates is cased over with jdn, and 
then drawn’out by means of rollirig-mIHs. In 1681 tin-' 
plates were made in England by a person named An- 
drew Yarranton, who was sent into Bohemia to learn 
the art, but it was not ' brought into perfection, for 
more than fifty years, and since die middle of the laSf 
century, it has been carried on in these islands in so 
perfect a manner, that scarcely any have been imported 
from the continent. Our plates are of a finer gloss, or 
coat, than those made beyond sea, the latter being 
chiefly hammered, but ours, according to the plan of 
which we are now speaking, are always drawn out by 
the rolling-mill. 

The tin-plate worker, a trade well known in London, 
and all laige towns, receives his tin-plate in sheets, audit 
is his business to form them into all the various articles 
of domestic use, which are known to every body. The 
principal instruments that he makes use of are a laige 
pair of fixed shears, to cat the tin to the 1 proper site 
and shape: a polished anvil, and hammers of various 
kinds, some of which are highly polished on the face. 
The joints of his work are mttde with solder, which he 
makes himself, and which is a composition of equal 
parts of tin and lead, that the workman causes to unite * 
with the tin-plate, or thmed-iron, by means of rosin. 
The two principal wholesale houses in Lbndortjare 1 
those of Jones and Taylor, in Tottenhkrti-Conrt-Koad,' 
and of Howard and Co. in CMd-Street-Road. These 
and other wholesale traders have constantly travellers in 1 
various parts of the kingdom { and as* they cannot dory f 
the articles of their' trade, in saddte-bagS, lik£ nlarijr 
other manufacturers, they takO with* them tirawingi of* 
aH works of taste, in their line of business. 

Tin, in bldcks, resemble silver, but it is of 'a daTker 7 
hue ^ it is also muCh softer, less el&Stid arid sonorous^ 1 ' 
thanany other mCtal excepting lead i it is most readily “ 
extended, and melts with a lower heat than ati oth^r 
metals. When tin is made is made very hot, 1 it will 
break with a blow. In the state of ore, it is found' * 
mixed with arsenic. The chief tin mhi^ hi the kndwn J 
world are those of Cornwall ; and it is a fact well as- 
certained,' that the Phoenicians visited thefe islands, for 
the purpose of getting tin from our ancestors, several 1 
centuries before the Christian tera. In tracing the histOi^ ' 
of the Cornwall mines' we find that they produced veijr * 
little in the reign of king John, but the right, at that period 1 
was wholly vested in the sovereign, as Earl of Cornwall. 
Their value has fluctuated* at different 'periods; of late ' 
years they have prodUcbd to the value of a hundred and 
fifty, or two hundred thousand* pounds. The Prince* 
Regent, as Duke of Cornwall, receives" fbitif shilling* * 

upon 
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upon every hundred weight of what i» called coined 
white tin, which sometimes amount to ten or twelve 
thousand a year : the proprietors of the soil have one- 
sixth, and the rest goes to the adventurers in the mine, 
who are at the whole chaige of working. As the tin is 
to be thus divided, or rather its real value ascertained, it 
is stamped and worked at the mill, and it is then carried 
under the name of block-tin to the melting-house, where 
it is run into blocks,' and thence carried to the coinage 
town. The coinage towns are Leskard, Lestwithiel, 
Truro, Helston, and Penzance, being the most conve- 
nient parts of the county for the miners. 

We may observe that from the affinity between tin 
and copper, a thin layer of the former meta) can be 


easily applied to die surface of die latter; and diis prac- 
tice of tinning, as it is named, is often employed to 
prevent the erosion or rusting of coppery-vessels, and the 
noxious impregnation which they would of courae com- 
municate to liquors kept in them. The surface of die 
copper is polished so as to be quite bright : sal-ammo- 
niac is applied to it when hot, by which the oxidation 
appears to be prevented ; or pitch is somethnes used 
for the same purpose ; the melted tin, or what is often 
substituted, on account of its hardness being greater 
than that of pure tin, an alloy of tin and lead, is 
applied to the surface of the copper, to which it 
adheres. 


TURNING. 


Turning is a mechanical operation, for shaping vari- 
ous hard substances, as wood or metal, into a round or 
oval figure, in a machine called a lathe. The operation 
differs veiy essentially from most others, in the circum- 
stance, that the matter to be operated upon is put in 
motion by the machine, and is wrought by meaus of 
edged tools presented to it, and held fast; whilst in 
most others, the work is fixed, and the tool put in mo- 
tion by the workman. 

In turning, the work is caused to revolve upon a sta- 
tionary straight line, as an axis, while an edge tool set 
steady to the outside of the substance in a circumvolu- 
tion thereof, cuts off all the parts which lie farther off 
the axis, aud makes the outside of that substance con- 
centric to the axis. In this case any section of the 
work, made perpendicularly to the axis, will be of a 
circular figure; but there are methods of turning ellipses, 
and various other curves, which are known by the name 
of engine-turning. 

When compared with many other mechanical opera- 
tions, the art of turning may be considered as perfect in 
the accuracy and expedition of the work, which is pro- 
duced, and that independently of any extraordinary skill 
or dexterity of the workman; the lathe is therefore 
resorted to by mechanics to perform every work it is 
capable of, and these are so numerous as to demand in 
preference to other mechanic operations, a minute de- 
tail. 

Lathes are made in a great variety of forms, and put 
in motion by different means, they are called center 
lathes where the work is supported at both ends ; man- 
drel, spindle , or chuck lathes when the work is fixed at 
the projecting extremity of a spindle. From different 


methods of putting them in motion, they are called pole 
lathes, and hand wheel-lathes, or foot wheel-lathes; for 
very powerful works they are turned by horses, steam 
engines, or water-mills. The lathes used by wood tur- 
ners are generally made of wood, in a simple form, W 
are called bed-lathes, the same kind will serve for turn- 
ing iron, or steel, but the best work in metal is always 
done in iron lathes, which are usually made with a tri- 
angular bar, and are called bar-lathes . Small ones for 
the use of watch-makers, are called turn-benches, and 
turns, but there is in fact no proper distinction between 
these and the centre-lathes, except in regard to size, 
and that they are made of iron instead of wood. 

The Centre-lathe is now very little used, but by 
country turners, to make trifling articles of household 
furniture in soft wood, as table-legs, stair-case rails, 8tc. 
it consists of the following parts,' 1st. the bed, which is 
composed of two-beams bolted together at a s mall dis- 
tance asunder, and parallel to each other, it is supported 
horizontally on legs at the ends, and forms the support 
of the whole; the groove, is the narrow opening between 
the two halves, or chucks of the bed, to receive the 
tenons of the puppets f which are two short upright posts 
fastened down upon the bed at any place by m eans of 
wedges, driven through mortises in the teuon of the 
puppets beneath the bed; one of the puppets has a 
pike or pin of iron fixed into it, and the other one has 
at the same level the centre-screw , working through a 
nut fastened in the puppet, both the screw and the pike 
have sharp points made of steel, and hardened and tem- 
pered, that they may not wear away; there must be 
exactly opposite, and in a line with each other, the 
piece of work which is to be turned, suppose for instance 

a pole 
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a pole of wood, is supported by its cods> between the acts in the sene wan n er . The c o n tinued rotatory mo* 
points of the pike and the screw, that it may turn round tion given by a wheel, is so much superior for taming 
freely, and the screw is screwed up, till it has no shake, to the reciprocating motion of a treadle and string, that 
the puppets can be placed at any distance asunder ac- regular turners seldom wake use of tbe latter, yet the 
cording to the length. simplicity of the whole* is a great recommendation, es* 

The rest is a rial or bar, extending from one poppet pecialiy among country workmen, who are not so care* 
to the other, for the support of the tool ; it lays in hooks fill of their tune, as in tbe towns where competition 
projecting from the laces of the puppets; tbe work is obliges every oae to use the best and quickest means of 
put in motion by means of the treadle , which is worked dispatching his work. 

by die turner’s foot, the string or catrgut is fastened' to The common centre lathe becomes a powerful ms- 
the treadle, and passing two or three turns round the chine, when worked by means of a large wheel, turned 
work, it is fastened to the end of an elastic pole, fixed by one or more labourers ; the wheel should be heavy 
to the ceiling over the turner’s bead : now as the turner that its momentum may be sufficient to overcome any 
presses the treadle down by his foot, tbe siriag turns the trifling obstacle in the work, and the frame in which it 
work round, and a sharp chisel or gouge, being held is mounted must be of sufficient weight to stand steady, 
against the wood upon the rest, will cut the wood to a and not be liable to move by the exertions of the man turn* 
circular form. When be has brought the treadle to the mg it. An endless line is used to communicate the motion 
ground, he releases the weight of his foot; and the of tbe wheel to the work ; it passes round a groove in the 
elasticity of the pole draws up the treadles turning tbe circumference of the wheel, mid after crossing like a fi- 
work back again ; during which retrograde motion he give of eight, goes round a smalt pulley fixed upon the 
withdraws the chisel from the work, as it would not cut work ; by this means when the great wheel is turned, it 
m this direction through it, and might impede the mo* gives a rapid rotatory motion to the matter to be turned, 
tion of the wood; and the pole is fastened to the ceiling and with a much greater power than can be obtained 
of the room where tbe lathe is placed by a pin, upon from the treadle, with tbe additional advantage of the 
which it can be turned about as a centre, and it rests work turning always the same way round, so that the 
upon a farizoutal bar fixed at some distance from the turner has no need to take his tool off the work ; the 
centre ; u is placed in a position nearly perpendicular small pulley is perforated with a square hole, to receive 
to the axis of the work, so that when it is turned upon a square made on tbe end of the work, and die turner 
its centre pin, the string at the other end may be has many different pulleys, each with a different sized 
brought over any part of the length of the work where hole through it, to suit work of different diameters ; 
it wiU be most convenient for the turner to have the but there is an inconvenience attending this method, for 
string put round it: in the same manner the end of the if the four corners of the square, on which tbe pulley 

treadle is placed, with one end over a centre pin in the is fitted, be not all equally distant from the centre of 

floor, that its opposite end may be moved under die the work, die pulley will not turn round truly, and the 
work to the proper place for the string. It is held in band will be liable to slip round upon it. To obviate 
this position while moving up and down, by a second this, tbe pulley, Ffe.13, Turning, PL II, is often used; 
treadle, perpendicular to tbe first which moves on a it has a square hole through it to receive the work, and 
loose centre on the floor at one end, and the other is is made to fit upon it by means of four screws a a a a 
perforated with a number of holes to receive a pin passing through a part of the wood by the side of the 
fixed in the first treadle, .and thus to confine the treadle pulley, and their point pressing into the work : in this 
to move up and down under any place it is set to: the manner one or two pulleys can be made to serve work 
end of the principal treadle is turned in the lathe and of any dimensions and can always be set truly upon it : 
made like a pulley, to hold the line or string which is it has, as shewn in the edge view, two different sized 
wound upon it, and tbe turner winds tbe string on or 1 grooves, A B, in either of which the band may be work*' 

off this end of the treadle, to adjust its length to the ed when required. 

diame ter of the work round which the string passes ; There is a kind of centre lathe, which is generally 
the string is fastened to the end of the spring pole in a employed by Millwrights, and Iron-founders, in turning 
similar manner. The workman stands or is seated be- heavy metal work, such as the gudgeons of mill- 
fore his lathe, having one of his feet on tbe treadle to shafts, rollers for sugar or rolling-mills, pump-rods, 
give tbe motion; it must be very moderate and equaT*: which are to past through stuffing ..boxes, or in short, 
be places his tool on tbe rest, and approaches the bead any work which will admit of having both its ends sup- 
of it gently to the piece, performing bis work gradually ported on centres : it is in many respects similar to that 
without leaving any ridges, and wheu he meets with a we have described, but is adapted to give a continued 
knot, he must go on still more gently, otherwise he rotatory motion to the work ; it has legs which support 
would be in danger both of splitting his work, and it from the floor, and the bed is formal by two parallel 
breaking the edge of his tool. For turning light-work, beams or cheeks bolted to the legs : one of the legs 
a bow, such as is used for shooting arrows, is suspended stands up above the bed to support the main, or left 
by its middle over the lathe, the string is then tied to band centre point, instead of having a puppet on pur- 
the middle of tbe bow-string iu lieu of the pole, and pose. The centre pin is fastened into it, by a nut and 

7 A screw 
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screw behind, and upon this pin two wooden 'pulleys 
are fitted side by side, close to each other, so that .they 
appear but one: either of those at pleasure is caused to 
turn round by means of an endless strap, going round 
a druqi extending over head, or under the floor, and 
which is turned by horses or a steam engine ; the strap 
being only the breadth of one of the pulleys, will turn 
but one of them at a time, but it can easily be shifted 
from one to the other at pleasure, and then the other 
will stand still ; the front one of these pulleys gives mo- 
tion to the work. 

The back puppet is fixed upon the bed of the lathe, 
by a tenon projecting downwards, and entering the 
space between the two chucks of the bed ; it is fixed at 
any place by means of a screw bolt, which passes down 
through the puppet, and goes through a piece of iron, 
which takes its bearing on the under side of the bed ; a 
nut f is fitted on this screw, and thereby the whole | 
puppet can be drawn down upon the cheeks, so firmly 
that it will not move by any strain the work may 
occasion ; the back puppet carries the back centre 
screw, which has a steel point to support the work. 

The rest of this kind of lathe is made of iron in the 
usual manner of bed lathes, as is represented at Fig. S, 
of Plate I ; its construction will be detailed when we 
describe that plate. 

The work is turned about in this lathe by means of 
an iron pin, projecting some inches from the flat surface 
of the front pulley, which, as before mentioned, is fitted 
on the centre point; a piece of iron called a driver (see 
Fig . 5. Plate ll) is screwed upon the work near its left 
hand end, so as to project perpendicularly from it, and 
the pin, in the pulley, intercepts this as it turns, carry- 
ing the work round with it. 

The other pulley which is fitted on the centre pin, is 
only of use, when the lathe is wanted to stand still, in 
the same manner as the live and dead pulleys used in 
cotton^mills. When the workman wishes to put the 
lathe in motion, he presses the handle of his tool, or 
any other smooth piece of wood, against the edge of 
the endless strap while it is in motion, and pushes it 
towards the front pulley ; in a very short time the strap 
will get completely on the pulley, and shift itself to a 
fresh place on the drum corresponding to the pulley: 
this causes the pulley to turn round, and by the pin 
pushing round the end of the driver screwed on the 
work, communicates its motion to the work to be turn- 
ed. When he wishes the motion to cease, for the pur- 
pose of examining his work, he pushes the strap back 
again on to the other pulley, which has no communication 
with the work as it slips freely on the centre pin ; the 
driver, as shewn by the figure, is simply an iron ring, 
having a screw tapped through one side of it, to pinch 
the work so fa6t, as to prevent its stipping. The side 
opposite the screw should be angular, that it may fit 
any sized work ; this driver may be fixed on either end 
of the work while the other is turning, but .when it is 
necessary to fix the driver on that part of the work 
which is finished, the end of the screw is apt to pinch 


and bruise it; it is therefore proper to use the driver, 
Fig. 6, composed of two bars of iron screwed together 
by two screws, passing through one bar tapped into the 
other ; both bars are somewhat hollowed out in the 
middle that they may encompass the work. If this 
should be found to injure the work, a piece of sheet-lead 
wrapped round it before the driver is put on, will pre- 
vent the possibility of its damaging the work^ and if the 
screws of the driver are drawn very tight, it will cany 
the work about with sufficient force to bear turning. 

The manner of mounting and giving motion to a 
piece of metal work in the centre lathe is this : the back 
puppet is first fastened on the bed of the lathe at the pro- 
per length to receive the work, the workman then places 
one of its ends against the points of the front centre, 
with the point as near to the centte of the work as he 
can guess; he then brings the centre of the other end of 
the work opposite the point of the centre screw, and 
screws it up so as to hold the work just tight enough, to 
prevent its falling down. In this state by turning it 
round with one hand, while he holds a piece of chalk 
against it with the other, he finds whether it is pitched 
nearly concentric on the points; and if it varies much at 
any points, he turns back the screw and tries again, ob- 
serving to shift the centre point nearer towards that 
side which appears to project farthest in revolving, and 
therefore gets marked by the chalk. When he has 
found the true centre, he screws up the point so bard 
that it may mark the end of the work ; then taking the 
work out of the lathe, he punches or drills holes in the 
| ends where the screw and centre points have marked, 
and when the work is returned into the lathe it will run 
nearly concentric ; the driver being screwed fast on 
either end of the work as is most convenient, the work 
will be turhed round by the pin projecting from the 
pulley as before described; the turning of heavy iron 
work, for which these lathes are used, is performed by 
various tools chiefly .called hooks, but these wiJJ be 
farther described. 

The centre lathe will perform any kind of work which 
can be turned upon centres made in the ends of it, but 
a great portion of the articles which are formed in the 
lathe must have one of their ends at liberty, to be 
operated upon while they are turning, as cups, boxes, 
and all kinds of hollow articles ; these are turned in 

The foot lathe with mandril and collar . — A lathe 
of this kind serves equally well for centre work ; there- 
fore if the professed turner is without a mandril lathe, ' 
one of these, constructed in the simplest and most 
economical manner, and chiefly of wood, that tbe arti- 
ficer may be enabled to make it himself, is shewn in 
PL I, of Ttjrni no. Itisput in motion by a foot-wheel 
and treadle, so that the turner has both his bands at 
liberty for directing the tools. A, is the bed of the 
lathe, consisting of two beams or cheeks fixed parallel 
to each other, and leaving a small space between them, 
as shewn in Fig. 3, and at o o, Fig. 4. The bed is 
supported by three upright legs, as shewn in the figure ; 
one of these projects up above the bed a sufficient height 

to 




Digitized 


ized^by Googl 





TURNING. 


*51 


to form one of the puppets C, for the support of the ex- 
tremity of the spindle or mandril e E ; the other end 
is supported in a collar fixed in an iron standard or 
puppet B, which is screwed down upon the bed by 
two bolts marked 1 1; this standard is shewn separately 
in Fig . 4. The back puppet D has a tenon which is 
received through the bed, and a w edge s put through 
it beneath the bed, by which it can be fastened at any 
place; f is the back centre pin, fitted through the 
puppet, and g is a screw situated behind it, to advance 
and keep it up to its work. The mandril is turned 
round by a band of catgut passing round the pulley c, 
and also round the large foot-wheel G, which is made 
of cast iron, and fixed on the end of the axis H ; this 
is bent as in the figure, to form two cranks ; united by 
two iron links to the treadle I, on which the workman 
presses his foot; this treadle is affixed by two short 
boards to an axis on which the treadle I moves. The 
wheel G is of considerable weight in the rim, and 
being wedged fast on the axis, turns round w ith it ; it 
is the momentum of this wheel that continues to turn 
the work while the crank and treadle are rising, and 
consequently while the workman exerts no power upon 
them. When the crank has passed the vertical position, 
and begins to descend, he presses his foot upon the 
treadle, to give the wheel a sufficient impetus to con- 
tinue its motion until it arrives at the same position again. 

The length of the iron links which connect the cranks , 
with the treadle I, must be such, that when the cranks 
are at the lowest, the board 1 of the treadle to which the 
links are hooked, should hang about two or three inches 
from the floor. The turner gives the wheel a small 
turn with his hands, till the crank rise to the highest and 
pass a little beyond it, then by a quick tread he brings 
the cranks down again, putting the wheel in motion 
with a velocity that will carry it several revolutions ; he 
must observe to begin bis next tread just when the 
craaks pass the highest point, and then it will continue 
running the same way, with a tolerably regular motion, 
if be is punctual in the time of his treads. 

The rest F which supports the tool while it is in the 
act of turning, is made of iron, as shewn in Fig. 3 : it 
is supported on the bed of the lathe by its foot, which 
is divided with a groove in the manner of a fork, to 
receive a screw bolt going down through the lathe bed, 
and fastening it at any place along them by a thumb- 
nut ; the groove in the foot is for the purpose of allow- 
ing die rest to be moved to and from the centre of the 
lathe, to adjust it to the diameter of the work which 
is turning. The height of the rest is a matter of some 
importance in turning, and for 9ome work it should be 
fixed higher than others ; therefore the shank of the 
cross piece, or T, upon which the tool is laid, is re- 
ceived into a socket in the foot of F, and can be held 
at any height by a screw. As the socket is cylindrical, 
die edge of the rest can be placed inclined to the axis 
of the work, when turning cones, or other similar work; 
though the same purpose may be accomplished by the 
screw which holds die foot of the rest down to the 


| bed of the lathe, admitting it to stand in an oblique 
! direction. 

| The mandril or spindle is the most important part 
j of the lathe ; it is made of iron, in the manner shewn 
at Fig . 2, but the two extremities are of steel, which 
are hardened after being turned and finished ; the small 
| end has a hole made in it to receive the point of a 
screw, which, as shewn at e, Fig . ] , supports the end 
| of it ; the other end of the mandril is made larger, 

! and has a hole within it cut with a female screw, for 
the purpose of fixing on the various chucks by which 
the work is turned ; the outside surface of this end is 
turned extremely true, and is fitted in a brass collar at 
the top of the standard B, as shewn in Fig. 4 ; here 
oo represent ahe sections of the two cheeks of the bed, 
q one of the bolts marked t , Fig. 1, which fasten the 
standard down, this bolt goes through a piece of iron, 
r, situated beneath the bed. In the top of the standard 
is a square hole for the reception of two pieces or dies 
of brass, h A, which include the mafedril between 
diem ; these are kept in their places by a piece of iron, 
t, fastened down by screws, l /, and m is a screw tapped 
through this, which presses the two dies together, and 
thus adjusts them to receive the neck of the mandril 
without any shake ; the screw which supports the other 
extremity of the mandril fits in two iron or brass nuts, 
which are let into the back and front of the wooden pup- 
pet C, and by turning this, the mandril can be adjusted 
to jrun very correctly in leugth ; to prevent the screw 
from turning back when the lathe is in motion, a nut 
is placed on the screw outside of the puppet, and after 
the screw is turned by its head to fit and hold up the 
mandrel, the nut is screwed firmly against the nut which 
is let into the outside of the puppet ; this causes such 
a pressure upon the threads of the screw, that it is in 
no danger of turning back, as it would otherwise be 
liable to do with rough work. 

The mandril by this means runs very steadily and 
accurately in its bearings, and it is plain that any piece 
of work being firmly attached to the end of it, by 
means of the screw before mentioned, may be turned 
by a tool held over the rest, in the same manner as if 
it was mounted between centres, but with the advantage 
that it be turned at the end, to make hollow work 
when required . The foot wheel causes the mandril to 
revolve very rapidly, so that it will perform its work 
very quick, and the workman must acquire a habit of 
standing steady before his work, that he does not give 
his whole body a motion when bis foot rises and falls 
with the treadle I. 

Turning Tools. — The tools which are generally used 
for turning wood and metal, are shewn in Fig. 5 to 21 ; 
they are fixed in long handles, and the turner holds, 
them firmly down upon the rest, steadying them by 
placing the end of the long handle under his arm ; at 
least this is the case with several of the principal of 
the tools which are most used ; they are as follows: 

Fig. 5. A gouge chiefly used for soft wood, for re- 
ducing it speedily to shape ; the blade of this tool is 
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formed needy half round to an edge, end the two 
extreme ends of this edge are a little sloped off, in the 
manner of an apple-scoop, that the middle part of the 
edge may eut away the prominences which are not con- 
centric with the axis, and it has no comers which would 
catch and get fast in the rough wood ; the hollow part 
is whetted upon a piece of Turkey atone, made with a 
convex edge for the purpose; die outside is whetted 
upon a common flat Turkey stone, turning it round, 
that all parts of the convex edge may successively be 
sharpened. In turning, the gouge must be held with 
an inclination, and the handle considerably depressed, 
so that the bevil or outside of the edge of the gouge 
may come very nearly in the tangent to me circumference 
of the* work, and the cutting edge is above the axis. 

Chisels, Fig*. IS, 16 and $1, are used upon wood, 
after the gouge has reduced it to proper dimensions, to 
smooth and finish ; they are not like carpenters’ chisels, 
made flat on one side and bevelled upon the other, but 
are bevelled oil both the flat sides, so that the edge is 
in the middle of the tool, and either side may be in- 
differently applied to the work; they are ground up 
and sharpened on the oil-stone to a keen edge. In 
using the chisel, the rest is raised considerably above 
the centre of the work, so as to be nearly on a level 
with the top of it, and the cutting edge must stand 
oblique to the axis of the cylinder, so as to prevent 
either angle from running into the work ; for this pur- 
pose some have inclined edges, as Fig. 16. The chisel 
ought to be traversed along the work gradually, but not 
too fast, otherwise it will leave a roughness on the 
surface. 

Fig- 6 is a graver ; this tool is used for roughing-out 
metal, and smaller ones are used for finishing metal 
work, for which they are well adapted, as either the 
point or one of its edges may be used indifferently. 

Fig. 7. A chisel with a round end, for turning hol- 
low mouldings in wood. 

Fig. 8 . Another round edged chisel bent sideways ; 
it is used for turning hollow work, or forming mould- 
ings at the end of any work which is turning round in 
the lathe. 

Fig. 9- A hook tool, with an edge formed at the 
end of the hook, that it may be applied to bore or en- 
large the inside of a hollow piece of work when it is 
held in a chuck, or for turning hollow spheres. 

Fig. 10. The pointed grooving tool is an angular 
pointed chisel, for turning grooves in any piece of 
work, or for snaking flat shoulders, by using its edges 
like a chisel. 

Fig. 11 , is a chisel sharp at its edges like a knife; 
it is used for turning the inside of hollow work, or deep 
grooves in any work. 

Fig- 12, is a hooked tool with an edge upon the 
inclined side ; it is used for turning hollow cones which 
are largest inside. 

Fig*. 14 and 15, are a pair of male and female screw 
tools for cutting male and female screws, by a method 
which we shall describe at length. 


Fig. 18, is a knife or side tool, with an edge on the 
right hand side. It is used for turning the left hml 
side of a shoulder, or flat side of any work ; it is also 
used for turning the cavities of hollow cylinders, or 
those hollows which have only one internal angle for 
turning both the bottom and the side ; for this purpose 
the tool is made to cut both by its end and aide edges, 
and those two cutting edges form an angld with each 
other rather acute. This tool must be held on a level 
with the axis of the work, as all inride tools are. 

Fig. 17, a left-hand side tool; is not used for iatcmtl 
work, but for turning the right-hand ride of a shoulder, 
or upon the left ride of convex surfaces, such w 
spheres, torus, mouldings, ovolos, Sic. The angle is 
upon the contrary side of this tool to die other. Left- 
side tools are made to various widths and sizes. 

Fig. IQ. A side tool with a craved edge for turning 
inside work. 

Fig. 20. A narro w tool with a point, and an edge 
on each ride of it some distance from it ; it is called t 
parting tool, and is used to cut or part off a piece of 
wood when in the lathe. 

Fig. 2$. A pair of callipers to measure the size of 
the work. 

Fig. 23. A large pair of the same land, but pro- 
vided with an arch and a screw, to fasten the points 
when opened to any certain distance. 

Fig. $4. A pair of in and out callipers, one end for 
measuring the diameter of outride work, and the other 
for measuring* the diameter of inside work. The two 
ends are equally distant from the centre, so that they 
always open to the same extent, and have an arch to 
fix them at any place; it is of use when the turner 
wishes to turn a cylinder or pin to fit exactly into a 
hollow cylinder already made; to do this the me of the 
hollow cylinder is measured with the lower end of die 
callipers, then the upper end will be 'ready opened to 
the proper extent to turn a cylinder which will exactly 
fit the other. 

Fig. 25. A depth gauge, consisting of * ruler, which 
is applied across the face or end of a piece of hollow 
work, and a slip of steel sliding through k; the end of 
this is the gauge for the depth, of any hollow work 
which is turning. 

Fig. 26. A pair of callipers with a straight and a 
curved leg, to measure the thickness of the sides of a 
hollow box or cup. 

These are the principal tools which are required 
for wood-turning. The turner must likewise be pro- 
vided with a grindstone and an oil or turkey stone to 
sharpen his tools. For fixity his work in the lathe he 
must have a great assortment of chucks ; these are blocks 
of wood which have a screw projecting from them, by 
which any one can be attached to the spindle at £, so 
as to be turned round with k; the screw draws dm 
chuck hard up against the end of the mandril, which 
being turned true, and the shoulder of the screw upon 
the chuck being also turned true, the chuck fixes so 
tight to the spindle that it becomes like one piece with 
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ki Some diodes are only flat round boards, end the 
work is cemented or screwed against them ; bet die 
generality of chucks are cylindrical blocks, with a 
hole turned in the end like a box, into which the piece 
of wood to beturned'b driven fast, so as to be carried 
about with it. The chucks are generally hooped with 
iron to prevent their splitting. 

The manner of turning in fFiood.— -To explain all 
these things in a dear manner, it will be best to describe 
the simple process of turning a plain cylinder qr 
roller. A piece of wood being chosen, is by means of 
the saw, axe, and chisel, reduced to a cylindrical 
form, and by the ra9p or draw knife it is made to- 
lerably correct ; a chuck is then selected which has a 
hole in it nearly the size of the piece of wood. The 
diameter of this* being taken in the outside end of the 
callipers, the chuck is screwed into the mandril, the 
rest fixed in a convenient position, and the hole in the 
check turned out by*the right ride tool, Fig ;18, to the 
size measured by the inride end of the callipers. The 
hole should be rather conical, and the wood being rasped 
to the same figure, is driven in fast by a hamper. By 
turning the mandril slowly round, it wtll be seen if the 
wood is fixed straight in a line with it, and if not a 
blow or two of 1 the hammer properly directed will rec- 
tify it The rest in set with its edge parallel to the out- 
side of die piece of wood, and it is roughly turned by 
the gouge to a cylinder. To do • this the gouge is held 
very firmly down upon the rest, taking its handle in the 
right hand and placing the fingers of the left in the bol- 
‘ low part near the work ; the edge b presented to the 
work in such a direction that the tool is nearly a tangent 
'to the surface Of the cylinder. In this state it cuts 

* best, and must be held very firmly to prevent- the edge 
being depressed by the motion of the work; for if it 

-does, it will take brid-toadespind tear the work. This 
tool is applied first to one end of the work and grsdusUy 
advanced to* the other, turning the work true aH the 
-way, arid reducing it till the callipers determine it to be 
near the intended diameter. 'The chisel is now em- 
ployed to smooth the cylinder ; its handle iaheld in the 
right hand, whilst the left grasps the blade and keeps it 
steady upon the rest, holding the edge a little inclined 
over the work/ so that one side of the fiat part of the 
blade lays on the rest, and the other side is elevated 

• that the plane of the blade, and consequently die edge 
is not horizontal but inclined thereto; so that one 
corner of the edge of the chisel is elevated upon the. 
work, then the bottom or near the bottom of the edge 
of the chisel cots away a shaving off the work, and tins 
is the only way in which it will cut: for if the edge of 
the chisel is held parallel to the axis of the cylinder, it 
acta across the length of the grain of die wood, scraping 
away the fibres one by o toe without catting, and leaves 
the surface very rough. -Some chisels, 1 Fig. 16, have 
their edges inclined for the convenience of holding them 
proper ly before the work. The wotk, being thus re-i 
meed to a rough cylinder,' hmst have its end made ex- 
actly fiat; to dofiris*th« dun side of thechbel in-laid- 


upon die vast, so that the plane of the edge may stand 
exactly upright ; the hand is depressed that the lower 
comer of the edge will rise against the work and cut a 
deep circle into it near the end, and being steadily ad- 
vanced cuts to the centre, separating a thin round chip 
and leaving the end quite fiat!. The Cutting coiner of the 
chisel must be directed exactly perpendicular t6 the 
length of tbe work in advancing it, otherwise the end 
will be either concave or convex, and care must he 
taken to keep the plane of the edge truly upright and 
hold it veiy fine, for tbere is danger of the work draw- 
ing the chisel into the end of it with a deep spiral cut 
like a screw, and tearing it out of die chuck. 

The ‘gouge and chisel are only used for turning soft 
wood, such as alder, saHow, beech, tee. ; but if the ma- 
terial to he turned be hard wood, as ebony, lignum 
vita, or ivory, bone, tec. die *same mode of Chuck- 
ing is employed, but the tools and the manner of hold- 
ing them b different. Thai hard wood tools are made 
with a stronger and mere obtuse edge, for a fine keep 
edge would be carried away by the work when hard. 
In tuming soft wood, as before mentioned, die edjge of 
die chisel is at a considerable distance from tbe rest, 
and inclined upwards at such an angle as will cut off 
the greatest chip. But in bard wood the rest b raised 
nearly to a level with the axb, so that the upper fiat 
surface of the- tool points to die centre of the work to 
^be turned; it bto be held down as firmly as possible to 
the rest, and advanced to the work at intervals when- 
ever it ceases to eat, by haring removed all the projec- 
tions of the work without the circle it describes by Hi 
revolution. 

Thus in turning soft wood, tho toed b followed to the 
work, bat m haw), the work, by its revolution, comes 
against the edge of the tool, tending to depress the 
point and* threw up the handle, for tms reason it is ne- 
cessary to hold it very steady upon the rest t Hard 
wood 'when first'fiaed b wrought with the sharp-pointed 
grooving tool, flig.10, cuts small contiguous grooves on 
die surface till it has broken the grain of die wood, 
removed all exuberances, and reduced the work nearly 
to its intended size and figure. Thin tools, like chi- 
sels, 41, 13, or 17, but made toy thick with an 
obtuse edge and only bevelled on one ride, are used to 
remove dm eminence^ left between the grooves formed 
by the first tool ; the work b then smoothed by apply- 
ing the edge of a piece of the blade of a broken 
knife bevelled riray, and the work b followed op with 
it that its sharp edge may scrape away my nhighness 
left bv the tools. To polish it, a piece of seal skin, 

1 Dutch reed, or glass paper, if held upon die work as it 
runs round, end cuts away a fine powder, making the 
work smooth enough to receive a polish. This b 
raised by applying s piece of bees’ wax till the work if 
lightly covered *Hh it, then burnbhmg or polishing it 
| by holding 1 4‘fkt piece of hard wood upon it, and the 
finish b given by the friction of a coarse woollen rag, 
lightly smeared with olive oil. 

Ivory b turned nearly indie same manner, I mi iapo- 
7 B fished 
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lisbed with chalk and writer, and, afterwards by the 
friction of a woollen cloth. If it is first touched with 
an oily rag, and robbed off witiv a dry woollen rag, it 
.will have a very fine surface. 

The reader will by this have, a very good idea of the 
method of taming wood, both hard and soft ; and it is 
.plain, if any mouldings or other ornaments are required 
upon the; work, they may be made by some of the tools 
contained in the plate. Thus, die rough-edge tools, Figs. 

7 or 8, may be used to turn hollows on the work, and 
any convex rims may be performed by the chisels, or the 
.side tool, Fig. 1 1. We shall, to give a farther example, 
describe the method of tumiog a small round box with 
a screw lid, as being best calculated to explain every 
kind of chuck work, and also the method of cuttu% 
.male and female screw?* A cylinder of wood, the size 
of the outside of the intended box, being formed by 
. the process we have just described, die rest is set oppo- 
site the end of it,tbe edge. perpendicularly to the length; 
.then a sharp-pointed tool, Fig.. 10, is iwed to bore such a 
hollow; in the end as will form the cavity for the lid of 
; the box. Using the outaide callipers to determine the size 
of it. The side tool, Fig. 18, is now used to make the 
bottom of the lid square, or the hook, Fig . 9 ; the edge 
at the end of the hpok being employed to enlarge the in- 
side to the proper size to have the female screw cut 
t within it : to form this, the screw tool, Fig. 15, is used ; 

( this, as the figure shews, , has several teeth, which being 
applied to the inside of the cylindrical part of the lid, 
..whilst die length of the tool is in the direction of the 
L mandril, will evidently cut as many parallel and equi- 
distant circles as there are teeth in the tool. Now, if 
.instead of holding the tool still withinside, it is first ap- 
plied at the end of the inside of the lid, and is regularly 
advanced up towards the mandril, as the work turns 
. round its teeth, it will, instead of describing circles, trace 
the spirals of a screw on the inside of the lid and if the 
advancement is timed so exactly that, in one revolution, 

. the tool is advanced, the exact quantity of a space be- 
tween two adjacent teeth, then the second tooth will, at 
the end of a revolution, fall into the spiral cut by the 
. first tooth ; and one complete Spiral being thus cut, it 
, guides the whole tool by means of the second tooth re- 
gularly along, the first tooth continuing the spiral for- 
„ wards till a third tooth lays hold, then a fourth, and so 
. on, till the required length, or rather depth, of screw is 
' cut : the trace of a screw being thus made, the tool is 
.pressed deeper till the threads are fully formed, the 
. turner taking care every time that the end tooth of the tool 
y gets to the bottom of the lid to disengage it, and draw 
.it back) for, as it could not advance any farther, it 
would then spoil all the threads by cutting them to cir- 
cular rings. ‘ 

r. This method of cutting, screws is called cutting fly* 
-ing f and requires great habit and dextorUy.to give the 
.motion so e*act that it wiU cause the teeth to fall pro- 
t jperly into the spirals, cpt by their predecessors, and this 
without any sudden advance at the place, for the screw 
.would .then he what is called drunken, that is, its thread 


Would be more inclined at One part of its revokttio* 
than another, and such a screw can never be fitted ex- 
actly with its fellow. 

The habit of cutting screws accurately with the 
screw tool can only be acquired by practice and experi- 
ence ; the only precaution which is taken being to get 
the lathe-wheel into a regular and steady movement, 
and then to advance the tool with a regular motion, and 
at such a rate as has been found by experience will be 
proper for the size of thread intended to be cut. 

Professed turners, who. are constantly in die habit of 
cutting such threads, will do them extremely well, but 
others are glad to avail themselves of the as s i sta n ce of 
a regulator, on the mandril ; this is shewn at a, Fig. 1. 
It is a steel thread, cut very accurately. A small pup- 
pet j is wedged in the bed beneath this, and in the top 
of it is a mortise to receive a square piece of wood, which 
slides ia the mortise, by driving in a wedge d; the top 
of this slider has a half-circle cavity cut in it, which 
embraces the screw, and has a thread in it. The man- 
dril, when this regulator is employed, is made with cy- 
lindrical collars at each end, instead of the point of the 
screw at c, so that it is at liberty to slide endways by the 
movement of the screw, when the wedge d is driven in. 
Therefore, every thing being prepared for cutting the 
screw, the wedge is driven in ; this raise? the slider or 
die up to touch the regulator, the tool is then applied, 

| and the lathe put in motion ; the mandril wilLtheo 
I move along endways, and also the work with it, so that 
I the tool will cut a screw, although it is held fast upon 
! the rest. In this case, the screw, may be cut by a single 
! pointed tool, but it will be better to, use a screw tool, 

I Fig. 15, which is of exactly the same thread as the regu- 
lator. The turner should be provided with a variety of 
.sets of screw-tools, apd as many regulators, a, corre- 
sponding to them, which are made like a tube, and fitted 
on the mandril. 

We will suppose, that, by either of these means, the lid, 
with a screw withinside of H, is finished, and isonJy to be 
separated from the end of the wood out of which it is 
formed ; this is done by the parting tool. Fig. 20, with 
which a narrow groove is turned to the centre, and the 
lid falls off. Hie box is now began from the remainder 
of the piece of wood ; the first thing is to turn down 
a smaller cylinder at the end, leaving a shoulder to 
screw the lid up to : this part is to have the male screw 
cut upon it The proper size of the cylinder is mea- 
sured by the callipers, but it is left rather larger than the 
screw is intended to fie, because it can be reduced gra- 
dually by the screw-tool till . it exactly fits the female 
screw in the lid. The male screw is cut by the tool, 
Fig. 14, the rest being shifted parallel to the work ; die 
points of tho tool are applied to the cylinder in a lice 
pointing to the centre, and, a? the work turns, the tool 
ipu?t have regular advance given to it from right to 
left, to trace the spiral for th$ mplq screw, iu tfie saipe 
manner as the female screw, jwd-lhifl is. reputed by re- 
turning the tool to the right iptodf ppd cpttipg again till 
it coi^e? up to the sboufcfer % tor tJhw^apper 
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is soon cut up to a<sharp thread, and the size of it is fitted 
to" the female screw cut in the lid. Then the length 
of the screw is adapted to bring the lid true up to the 
shoulder of the box, so that it makes a perfect joint ; in 
this state the lid becomes again fixed in the lathe, and 
the top or end of it is turned clean and true. The out- 
side cylinder of the box, and the lid, are turned to the 
same size, and polished as before directed ; this being 
done, the lid is unscrewed and taken off, the rest turned 
across the eud of the work, and proper tools used to 
bore or turn out the hollow or inside of the box, and, if 
the work is particular, the gauge, Fig. 25, is used to de- 
termine the depth to which it is to be turned. The box 
is now finished, and only requires to be cut off the end of 
the wood, by turning a groove with a parting tool till it 
is separated. If it is afterwards thought proper to turn 
the bottom of the box flat and smooth, it is done by 
turning the lid for a second box, from the end of the 
same wood, if enough remains ; then the box, by be- 
ing screwed into this lid, becomes fixed in the lathe, 
and may be finished and polished; or, if the turner 
does not intend to turn any more boxes, he puts a small 
chuck in the lathe, the outside of which is turned to fit 
the inside of the box, and this being driven upon it is 
turned clean and flat at the bottom. 

It is unnecessary to give any further example of wood 
turning in a chuck, but if the work is long and slender, 
and does not require to be hollow, its extremity is sup- 
ported by the back centre-point f, the other end is 
driven into a chuck, by which means motion is given to 
it ; or, for some things in soft wood, a chuck is used, 
which is flat at the end, and has two points fixed in it 
at equal distances, on opposite sides of the centre; the 
end of the work being placed against these points, is 
pressed by the back screw, so that they penetrate it, and 
it is thus carried about : the turning is conducted just as 
before described for chuck-work. 

This lathe is such as is commonly employed by wood 
turners* for whose use it is well adapted ; but, for turn- 
ing metal, an iron lathe is best ; these are sometimes 
constructed in die same form as the wooden ones, only 
differing the size of the parts, which are of cast irou ; 
but this form is un wieldly when applied to delicate and 
accurate work, such as is required by mechanics, clock- 
makers, &c.; for their use the triangle-bar lathe is ad- 
mirably adapted, as it is, also, for gentlemen, who make 
this interesting art, an amusement, being the most accu- 
rate and convenient of any kind of lathe. 

The triavgle-bar Lathe , on the best construction, is 
shewn in Plate II, with many beautiful tools applied to 
it, which render it an universal machine, applicable to a 
great variety of purposes. Fig . 1 is an elevation, and 
Fig. *1 is an end view of that part which is above tbe 
bench or frame (A, Fig. 1 , Plate I) containing the 
‘ foot-wheel, which is omitted in Plate II, to give tjie 
parts on a larger scale. AA, Plate II, represents the 
upper surface of a very thick and solid mahogany bench, 
upon which the whole is fixed, and the foot-wheel is si- 
tuated bepeadi it, if convenient, to apply it in this 


manner ; the puppets, and other, parts of the kthe, are 
all fitted upon a strong triangular bar G, made of cast 
iron, planed and ground perfectly straight and true ; it 
is supported by standard a b and c, fixed to the bench 
by screw's, as shewn in the figure. Upon this bar the 
puppets H, I, and K, are fitted with the most perfect 
accuracy, and H, which is called the back puppet, can 
be fastened upon any part of the bar, by a screw e be- 
neath it ; the other two puppets are likewise furnished 
with screws beneath, to fasten the bar to them; but 
these two are supported independently of the bar, being 
connected together by a thick plate of metal D, screwed 
to their lower surfaces, and this is fixed on the standards 
a and b , so ps to form an insulated frame, a K, b I 
and D, containing the mandril, or spindle, L. The 
puppet K, has a steel pivot with a hole in the end to 
receive tbe pointed end of the mandril L, a screw f is 
placed behind to force it up, and another at the top, to 
fasten it when adjusted, so that the neck of the mandril 
will exactly fit, without shake, into the steel collar 
which is fixed in the upper end of the puppet I. The 
back puppet H has a hole bored through it, exactly in 
the line of the spindle, to receive a cylindrical steel . pin 
n, which has a sharp conical point to support the end 
of a long piece of work : a screw rn is placed behind 
to force it up and keep the work always tight, and a 
screw z fastens the pin in its place. 

The rest of^the lathe is thus made : — A brass piece 

0 o, called the saddle, is fitted upon the sides of the 
bar ; upon this a steel slider p is fixed, having a tube Y 
to receive the shank of the rest T, with a. screw to 
fasten it at any height ; the slider p has ,a dove-tailed 
groove in its lower surface (see Fig. 1), for the recep- 
tion of dove-tails, formed, at the upper ends, of two 
steel bars, shewn by the dotted lines 1, 2, m Fig. 3; 
the two bars are united by a horizontal piece beneath the 
bar, the whole being made of one piecq, bent like a 
staple or fork, and its two arms, 1 and 2, fitted in mor- 
tises cut through the saddle; by this means,, a .single 
screw, 4, tapped through the horizontal piece, apd the 
point pressing on the under side of tbe bar, will fasten 
the rest, drawing the slider p down upon the saddle, by 
the two dove-tails, and, at the same time, chawing the 
saddle down fast upon the bar. 

1 The mandril L is made hollow nearly through, and, 
j at the open end, is cut with a female screw, for the re- 
| ception of male screws upon the various chucks, which 

fit to the lathe. This is a better method, than the com- 
mon way of a male screw on the mandril, because of 
the care with which the male screws for the chucks can 
be cut in brass, and the convenience of putting long 
work up the hollow mandril. This lathe has all the parts 
before described of tbe wooden lathe, but is far moae 
convenient, because of the ease with which the puppet 
and rest can be shifted and fixed by only the filler and 
thumb, and yet the whole is much stronger, the puppets 
being so low from the bar ; and another advantage if, 
the accuracy with which the back centre-point n always 
keeps in a line with the mandril, which is indispensable 
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for good turning; 41 bo, flfe 'puppdes being io slender, 
^the operator his better access to the work than betw een 
clumsy wooden puppets, and Which are not so strong as 
the smell metal oiles. 

When very large or very Idtfg work is required to be' 
turned in this lathe, another standard exactly similar to 
c, is placed under the bar in the position shewn by the 
dotted lines, 5, Fig. 1 ; the bar is then drawn out, leaving 
the mandril standing between^ the 'two itatidards I and K, 
in which situation it will admit a piece of w'ork of very 
large diameter. The rest is fixed upon the end of the 
triangular bar which projects beyond the dotted standard 
5; or, if afty long work is J to be turned, the back 
puppet H is to be placed on the end Of the bar beyond 
the standard c ; this, as well as the temporary standard, 
has a thumb screw in the under side, between its legs, 
to fasten the bar in it. The most convenient method of 
fastening the temporary Standard upon the bench A, is 
by meads of a piece of brass, 5, screwed fast upon the 
bench ; it is dove-tailed in between the two legs or feet 
Of the standard, and thus holds it 'fast down, though it 
can be removed by sliding it endways, without drawing 
any screw. By tins contrivance of drawing out the bar, 
the lathe has all the conveniences of a' small and deli- 
cate inachine, Wheit used for small wOrk, but die strength 
^and other advantages of a large one when required. 

The small figures in the plate describe the chocks and 
othei^ very useful tools, which ‘are occasionally applied 
to this lmhe. 

fig. 7 1 is a section Of 'a Wood chuck, the uses of 
<Which has beferf faHy explained in the description of the 
wooden lathe. A brass screw, D, is cut to fit the 
mandril; the Other end, E, is also ’ Cut with ' a screw, 
Which is forced VCfy hard into the wood IF, so as not to 
come off without great force ; by this means' the fitting 
of the fehtifeks ( 'to the mandril is n6t’ with a wooden 
screw, as in gCdehd, butwith a' brass one, which will 
not Jtte Hable*^o act ofit of truth, ‘ bat always screw up 
-to the same Shudder; 1 die 2 lathe should, at 1 least, have 
t Wr& dozen of these Wood chucks, some of them hooped, 
J as4t d y to prevcht diem splitting. 

Fig. * 11 ‘hr a 'Vefy useful arbor, fot turning wheels, 
COllfets/ SCc^ Or afly Other’ flhtwotk that will admit of 
having a small hole in the centre of it;’ it is a brass 
aCrew diOCk «, n fitted'to the mandril, and a steel pin d f 
sheWn ^by tho dotted lines fixCd into it, and projecting 
i Winch or more;* it is turned true, and the worklitted 
bpon‘ J it either *by turningthe pin to 1 size, or by broach- 
'higlhe^hole'iif } the wOrk ; and, to prevent ‘slipping, the 
1 Wbi4, marked E, 4s jambed' fast up against ther brass 
slfttaMfer'6, of the Cmlck a, by a nut c, tapped on the 
* fend 6P : the steel pin; 1 by this me work E will be held 
-fast, and f be earned round by the chuck, so as to be 
turned by the * application of proper tools upon die 
rest. 

Fig. 10 is a watch-maker's arbor,' for similarwOrk to 
die last, but vvheref the*work* is thick enough to stand 
fa8t 4 hr die square without requiring the support of a 
shoulder, or -requiring ariraf to screw if fast. A is a 


chuck made tufltow ‘like > # 

hard steel b, having a small hole through it, euctlj in 
the centre. B is a watch-maker’s arbor, such as is used 
in the turn-bench; it is made of steel, rather conical, 
but turned extremely true ; one of its points is to he 
supported in the hole in the centre of the chuck, and 
the other end in the back centre of the lathe. The 
work to be turned has, as before, a hole in the centre of 
it, and the arbor is driven into tins fill k is fixed quite 
fast upon it ; then, to turn this arbor about by tin 
mandril, a piece of brass c, called the driver, is tapped 
upon the arbor, and fixed fast by being screwed up 
against the pulley b, which is fixed on the arbor; the 
ends of this piece are received in notches made in the 
opposite sides of the box chuck A, at dd; by these 
means the motion of the lathe is communicated to the 
arbor to turn the work rapidly till it is near its dimen- 
sions ; and, having done this, if extreme truth is required, 
file arbor is to be taken out of the lathe, the driver c is 
unscrewed, and the arbor is turned by the bow in the 
manner of a turn-bench, which will be described; so 
that if the hole 6, in the chuck, should not be exactly in 
die centre of the mandril, the error will be rectified. 

Centre w ork, such as a lopg axis, or arbor of steel, 
may be mounted in the lathe by two methods:— In one, 
a small chuck, with a square hole in the end of it, is 
screwed into the mandril, and the work has a square 
filed at one end to fit this hole, the other end is sup- 
ported by the back centre, a small hole being made m 
the end to receive its point ; or, if the end of the work 
is pointed, the back centre is drawn-out, and tuned end 
for end, the end opposite to the point having a small 
centre hole for the reception of such pointed work. 
This method Of turning the work, by means of i square, 
is very convenient but fiot very accurate, and if tk 
work should, at any future period, be required to be re- 
turned in the lathe, its true centre cannot be found 
again ; therefore, all spindles, arbors, axles, screws, fcc-j 
arfe turned between centres : thus, a chuck % ! 2, 

is screwed into the mandril, it has a steel 
formed at the end of it, w hich is turned extremdy tro e > 
to be in the centre of the mandril ; . between tbls and the 
point of fiie back centre, the work is mounted, and, to 
give it motion, the driver, Fig. 5 or 6, before de- 
scribed, is screwed on that end of the work nearest to 
the chuck, which has a steel clutch D fitted into it, and 
fastened by a screw; the end of this is bent so ^ to 
clutch the tail of the drivei ;v W,. and thus turn it round, 
and the work all together; the clutch slides m and out 
to adapt itself to different sized drivers for defafe or 
large work. TTiis method of turning is best, 
the centres are preserved, and, when one end is fodsbw, 
the driver may be shifted to the other end ; or sud woj 
may, at any time, be mounted again in , 

lathe, to turn wheels, collets, &c., which mj be tm 
upon it. - . 

In Fig . 9> are two views of a very usefcl cwwujj 
hold brass or steel wire, for turning screws or ^ 
pins, it is a steel or brass tube A B, with a screW . 
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t# fit the mndril, and k ha* dm tie ekM M tt m \ 
three at a a, ami three at 6 ft, tainting to the cent re, as 
efaewn in the end view. The points of these are 
Screwed fast to pinch the wire between the potato. By 
this, a long piece of wire, of any Sue, may be held, 
the greatest part of its length being pat within the hol- 
loyr of the mandril, and only as much left projecting 
beyond the chuck as is sufficient to tarn one or two 
screws, which being finished, by stacking otto of the 
Screws another length of the wire may be drawn mit. 
"tlie three screws give the means of celltaring the Wire 
very truly, so as to waste very little. 

rig. 12 is an apparatus useful for many purposes 
when the small centre bole at the end of any long piece 
of work has been lost, or cat away, and it is necessary 
to pat it in the lathe again. . H is a horizontal section 
of the bade puppet ; through the middle of its ceatre- 
pin j», the cock of the screw m, Fig. 1, being removed. 
ABC is a piece of steel screwed to the face of fit 
puppet H, by screws B and C, which being fitted in 
grooves, permit the steel to slide ; it has a conical hole 
through it at A, exactly in the line of the centre-pta, 
and in this the end of any piece of work may be sup- 
ported, if die centre is lost The same apparatus to 
also useful to drill small tubes of brass from a piece of 
wire, as F, Fig. 12 ; this is shewn with a driver W of 
the same form as Fig. 5 , screwed on one end of it, 
which is supported by the steel centre-point of the 
chuck H, screwed into the end of the mandril. The 
wire is turned round by the steep arm D attached to 
the chuck, and intercepting the tail of the driver W ; 
the other end of die wire is supported in the conical 
hole at A. The drill is applied thus ; a cylindrical pin 
of brass K is drilled through with a small bole of t 
proper e he to receive a metal steel wire L, the point of 
which is made to a drill ; the outride of the pm K is 
turned tt> fit exactly in the hole through the back puppet 
H, then the drill L, being thrust forward by hand, will 
be exaedy in the centre of the work F, which is to be 
bored r and may be occasionally withdrawn to dear die 
chips, which would otherwise clog it up, and break a 
email drill. By this apparatus, tubes, not tatger than 
a pin, may be drilled up four or five inches, and per- 
fectly straight 

rtg. 8, is a stock for drills, consisting of a steel ar^ 
bor, v, with a square hole in the end of it, filed fast 
into a brass screw A, which fits it to the mandril ; then 
k drill ft, being fitted into the square hole at the end of 
it, forms a very complete drilling machine ; the work to 
be perforated is held against a flat chuck B, which is 
pushed upon the centre n of the puppet H, and the 
screw m, advances it to the drill : the great advantage of 
this method is that it will always bore perpendicularly 
4© the flat sides of the work. 

An apparatus is fitted to this lathe for turning cylin- 
ders, or cutting screws, in the following manner : two 
strong steel rods, 7 7, Figs. 1 and 2, are fixed fast into 
the saddle o o of the rest ; these rods must be exactly 
parallel to the bar, and are received in hole* through a 


of torn, 8, fitted titan the angle of the bar; it 
has t#o sfcrewt to fiksteti if tb the rods at any distance 
from the rest, trad then it gives the rest two bearings on* 
the bar, at a considerable distance asunder, viz. from o o 
to 8, Fig. I ; a heavy weight of cast iron is suspended 
under the lathe from thfr two rods, 7, and thus keeps 
the whole tight down upon the bar, whilst it slides m 
the most accurate manner from one end of the lathe to 
the other, and exactly parallel to the axis of it, the 
screw 4 under the saddle of the vest is of course turned 
back to admit of the motion ; but as it is necessary to fix 
the steel slider », firmly down upon the saddle, it is 
done thus; two bars of steel are fixed across the under- 
side of the brass saddle at 10, 10, Fig. 1, so as to have 
one on each side of the bar of steel fork, 1, 2, Fig. 2, 
before described ; then a Washer, being put under the 
shoulder of the screw, 4, and resting upon the bars, 
10, 10, the point of the screw will not touch the bar 
when screwed tight, but will draw down the fork 128, 
thus fastening the slider, p/upon the saddle, but leaving the 
saddle at liberty to slide along the bar freely ; the washer 
being removed, die screw, 4, will fasten the whole rest 
upon the bat as before described. 

The tool, for cutting screws or cylinders is fixed in a 
small apparatus called a slide rest, shewn in Fig. 2 ; it. 
consists of a strong plate, 12, with a stem or shank, to 
fix into the tube, y, of the rest, and upon this a dove- 
tailed piece is fixed by two pieces screwed down upon 
the plate,* 12, at each ride of it, to form a dove-tailed 
groove ; at the ends of the slider two cocks or holders, 
14, rise up from it, which have holes for the reception 
of the tom, 15, ahd screws to fasten it in a screw 
turned by means of a key with a milled head applied 
to its square, shewn near 12, is employed to force the 
slider and tool forward tb its Work. In this state the 
lathe is prepared for turning an exact cylinder mounted 
between the centres of the lathe, the tool being fixed in 
its holders, 14, and its point set to the proper depth 
by the screw 12, h will be held fast without the aid of 
hands, and the whole slider being traversed along die bar, 
the tool advances in a right line parallel to the axis, turn- 
ing the cylinder exactly ' true and of any required diame- 
ter, according to the depth to which the tool is set by the 
screw 12, with the greatest ease, which is a great conve- 
nience for many kinds of work, as it turns much more 
accurately than can be done by hand ; but when it is 
required to advance the tool with such a regular pro- 
gressive motion as will trace or cut out the spiral of a 
screw upon the circumference of the cylinder, the fol- 
lowing additions are made: a cock, f, Fig . J, is screwed 
on the side of the puppet I, it has a socket formed in it 
for the reception of the end of a long screw, shewn by 
the dotted lines t; it is tapped through the saddle o o of 
the rest, at t 9 Fig. 2, so that by turning this screw 
the rest is caused to traverse along the bar of the lathe; 
the motion is given to the screw by a cog-wheel, 17, 
fixed upon it, and the chuck of the lathe has also a 
wheel, 18, Fig. 2, fixed upon it, the motion being con- 
veyed from one to the other by means of an interme- 
7 C diate 
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diate wheel shewn by the dotted circle in Fig. 3, which' 
turns on a pin fixed in a piece of brass, held by a screw 
against the face puppet I, so that it can be adjusted 
into a proper position, to gear or work, with both 
wheels, 17 and 18, let their relative diameters, be what 
they may. The proportions of these determine the 
size of die screw, which will be cut upon the cylinder 
in the lathe, for the thread of the screw which is cut 
will bear the same proportion to the thread of the screw 
t, as the two wheels 17 and 18 bear to each other. 
Thus if the screw t, has twenty threads per inch, and 
the wheels 17 and 18 are as 2 to 1, the screw which is 
cut will have forty threads per inch. For cutting female 
screws, the same method is used, but a tool formed 
like a hook is used that its point may enter a piece of 
hollow work when it is put in the chuck at the end of 
the mandril. 

This method of cutting screws by the lathe is prefer- 
able to any other, as it admits of the greatest accuracy, 
and is quite general, for if the regulator screw /, is per- 
fect and correct, it will cut a correct screw of any kind, 
and, by having a number of wheels, any kind of screw 
may be cut, and any form of thread, either sharp or 
square ; the tool used for it may be either a single point, 
or a screw tool such as before described, which will 
cut best, because it guides itself, and, therefore, does 
not throw so much strain upon the regulator screw t , 
by means of tbe sliding rest has been explained ; it is 
one of the greatest modern improvements in the art of 
turning metal to employ the slide rest, for all kinds of 
work, which it will do with the greatest dispatch and 
accuracy, and without any labour on the part of the 
workman. 

A complete sliding rest is shewn in Figs. 3 and 4, fitted 
to the triangle bar lathe, the first of these figures, is in 
part a repetition of the mandril as shewn in Fig. 1 , and 
its frame, to shew the manner in which the slide rest, 
applies itself to the work held in a chuck, at the end of 
die mandril, the slide rest has two horizontal sliders in 
directions perpendicular to each other, to one of these 
the tool is firmly attached,’ and by means of screws 
with handles, the sliders and the tool can be moved in 
any direction to follow the tool to the work; 12 in both 
figures is a frame of metal, fitted to the b^r of the lathe, 
and provided with a screw beneath to fasten it at any 
place ; upon its upper surface, which is made flat, two 
pieces of brass are screwed, to form a dove-tail groove, 
in which a steel slider, 13, is fitted to move with free- 
dom and precision; a screw is mounted in a frame, 
and is tapped into a piece of metal, projecting from the 
lower side of the slider, so that the screw, when turned 
round by a handle, 15, fitted on its square end, advances 
or draws back the slider in its groove. Upon this slider, 
a frame, 1 6, is screwed, having a second slider fitted 
on the top of it, and provided with a screw, 17, as the 
former to move it, and this upper slider carries a piece 
of metal, 18, with square holes through it in two op- 
posite directions to receive the tool, and a screw at top 
to fasten ft in. The slide-rest being mounted in the 
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manner ttf Figs.'S add 4, Upon tb* bar ; the upper slider 
is parallel with the mandril, and tbe lower one perpen- 
dicular thereto. For turning flat work, the tool is put in 
as there shown: Now, by turning the screw, 17, of 
the upper slider, the tool is advanced in contact with 
the work, which is mounted as ill Fig . S ; then, by the 
other screw, 15, it is drawn across the face of the 
work, turning it, as it proceeds, to a perfectly flat sur- 
face. For turning a cylinder, mounted between cen- 
tres, the tool is put through its holder, in a direction 
perpendicular to that shewn in Fig . 3, and then flic 
screw, 15, of the lower slider is moved to adjust the 
tool to the diameter of the intended Work, and the 
upper slider is moved by its handle, it, to cjpiy the 
tool along the length of the cylinder, and cat it as it 
goes : the whole rest can be fixed at any port of the 
bar, and can be removed instantly if required. The 
slider rest will also turn cones, by the followh^ con- 
trivance: — The frame, 16, supporting the upper slider, 
is fitted to the lower slider by one pin, upon which tbe 
whole frame and the upper slider may be turned round, 
and fastened at any inclination by two screws r passing 
through circular grooves. By this means, the upper 
slider is inclined in any required angle to the mandril, 
and will then turn a cone, either hollow or solid, ac- 
cording as the tool is put in its holder, 18, in one or 
other direction. The great advantage of die slide rest 
is, that it presents the tool so firmly to the work that it 
will not retreat in the least when any protuberance 
comes by, but cuts it away if the strain is not so great 
as to break the tool, but of this there is no danger if it 
is properly managed, because the screw advances the 
tool so slowly that there is no need to push it forwards 
suddenly* as it is often unavoidable in turning by hand. 
The sliders are often divided into inches an d subdivi- 
sions, by which the work can be made exactly to any 
dimensions, without trouble; any two things may be 
fitted exactly together; and the upper slider hs» aa 
index to shew the angle of inclination which it makes 
with the lower, when set for turning cooes, so that a 
hollow cone being bored oat in a chuck, a solid plug 
may be turned to fit it, the rest, without trial, making 
it certainly of the true angle. . A very convenient uni- 
versal chuck is shewn iu the act of holding the pete of 
work, in Figs. S and 4; it consists of a flat circular 
plate D, having two grooves in it pointing to its centre: 
these grooves contain sliders, which have steel jaws a, 
similar to those of a vice, attached to them, for the 
purpose of clamping the work between their teeth. 
The sliders go through the plate at bb, Fig . 3, and 
have a screw c, tapped through them ; one end of this 
screw is cut with a right-hand thread, and the oppo- 
site end has a left-hand thread ; so that the iudinatoon 
of the spirals, upon the two ends, are contrarv to each 
other ; by this means, when the screw is tinned one 
way round, by means of a key applied to its end, it 
will cause the two sliders to recede mutually from the 
centre of the chuck ; hut, on turning it in die opposite 
| direction, t bey will advance towards each other, always 
* keeping 
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keeping equally distant from the centre, by which means 
.any piece of circular work, F, may be held on the lathe 
4o be turned, with the same ease and steadiness as it 
wou}d be fixed in the vice to be filed; the circular 
plate is screwed against a centre piece, G, which is 
screwed into the mandril, and is cut hollow to permit 
the sliders to come almost close to eaoh other when 
small work is to be held between them ; the centre 
piece has also a collar for the reception of a neck 
formed in the middle of the screw between the two 
-threads, to prevent it moving endways, or the work 
would be at liberty to slide backward and forward in 
the ‘grooves of the flat plate, but this collar makes it 
all fast. 

Metal-turning tools. — The tools used for turning 
brass or cast iron, are made from bars of steel ; for as 
those who tam metal are usually general mechanics, 
they make the tools themselves, and adapted for any 
particular occasion they require ; the principal tools are 
gravers, square tools , pointed tools , round tools , and 
hooks . Toe graver, see Fig. 6, PI. I, is made like 
those used by engraven, from a square steel bar, cut 
off by an oblique plane at the end, which makes a. 
lozenge, or diamond face, and produces two inclined 
edges at two of the flat sides of the bar ; these two are 
inclined opposite ways, so that the graver serves either 
for left or right-hand work by only turning it one quarter 
round to brag up another side. The point formed by 
the acute angle in which the two inclined edges meet, 
is best adapted for cutting of any other form, and is 
exceedingly strong ; the flat sides give it an excellent 
bearing upon the rest ; another convenience of the graver 
is, the ease with which it is sharpened, which is an 
object in timing hard metal, when it is so frequently 
necessary ; it only requires to be held on the grind-stone 
in the proper angle, to grind the diamond face away, 
and thus make sharp edges with the two flat sides. 
Gravers, and all tools for metal, are hardened and 
tempered to a light straw colour, so as to leave, them 
very hard ; cast steel is the best material. The graver 
is used to rough the work, its point being used to cot 
grooves all over the surface till it is true, and then the 
welved edge of the graver, or else a square or round 
fool, makes it smooth and a proper figure. It is neces- 
sary in beginning to turn with a small sharp point, for 
the resistance to any kind of edge, would, hi beginning, 
be so great as to tear every thing in pieces. Square 
*ools are made like a narrow chisel, except that they 
are very thick, and the angle of the edge very obtuse ; 
/the upper surface which is flat, is, in turning, made to 
point to the centre of the work. Round tools are like 
the former, except that the edges are made round for 
. forming hollow moqldings, &c. 

The pointed tool has two inclined edges forming a 
point which cut grooves in any piece of work ; or its 
edges may be used to turn shoulders either right or 
left. 

Drills of various sizes to bore holes in chuck work ; 
(bey are fixed in handles. 
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Right and left side tools, such as before described. 

Heel tools are used for turning wrought iron, steel 
or copper; they are made with edges of all the shapes 
above-mentioned, but the end where the edge is formed 
is bent, so that when it is presented to die work in its 
proper direction, the handle is inclined upwards, m 
such a position, that the end of it will lay on the 
turner’s shoulder, and he holds it down firm with both 
his hands, the heel of the tool being supported on the 
rest. The metals above-mentioned are of a fibrous 
texture, and turn away in a connected shaving, the tools 
are therefore presented in the direction of a tangent to 
the work, the same as for soft wood ; but as the drift 
of the work would force the tool endways, if held in 
the same manner as the chisel, it is necessary to have 
a heel, or angle, which is placed immediately upon the 
rest, then the long handle serves to guide and fix it, 
and by elevating the end the edge cuts deeper. 

Cast iron is turned by hook tools ; their edges are 
formed in various ways, but very obtuse, being nearly 
a right angle : in turning they are held in such a posi- 
tion, that a line bisecting the angle of the edge is made 
to point nearly to the centre ; but as the work is-usually 
large, and the metal very hard, some contrivance u 
requisite to keep the tool up to the work, they are 
therefore made with a hook which has the edge at tbd 
end of it; the hook part is laid over the rest, in the 
same manner as a crow bar is used to dratf out a spike 
or nail, and then by raising or depressing die end of 
the handle, the edge is caused to approach or recede 
from the work with any required force, by only a mo- 
derate power applied at the end of the long handle ; 
cannons, and other heavy cast-iron work, are turned in 
this manner. 

The chucks used for turning metal are different from 
those used for wood, because the articles are so various 
in shape, and projecting pieces are never made for the 
purpose of holding the work, as can be done in wood ; 
small brass work is held in wood chucks ; brass wheels, 
collets, rings, &c. are chucked on the arbors, Fig. 10, 
or 1), hut if they are large, and require to have the 
centre hole bored or turned out, they are fastened 
against a flat chuck, by screws or small bolts with nuts 
at the back ; this method is very general for all kinds 
of flat work, and the lathe should have two or three 
sizes of flat circular chucks, turned perfectly true, and 
drilled with a great number of boles for the reception 
of screws in any part, by which the work may be fixed 
against it. 

The universal chuck before mentioned at Fig. 3, will 
hold almost any kind of work, and will supersede the 
necessity of most others. Some turners use instead of 
it a circular box with three or four holes tapped through 
the sides of it and pointing to the centre ; this is conve- 
nient for some work, because it admits of adjusting the 
work truly to the centre. The steel for the dies used 
for coning are checked in this way. 

The only difference in the management of turning 
different substances is, to adapt the velocity of the 
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motion to the nature of the material \ tints wood will sliding On die bar, and famished with i lertW, t; it 

work test with the greatest velocity which can be given has a hole through it perpendictilar to the ba r, jo cbih 

to it, and of course a dun and delicate shaving must tain the slider f, Fig. 16, of the rest; tbife slider when 
be cut off ; brass should have a motion about naif as in its plaee, touches the top of the bar A, that when 
quick as wood ; iron and steel should be considerably the socket E is drawn by its Screw e, the slider / is 
less, though few mechanics attend to this : cast-iron held tight from moving either in a direction perp qrii- 
must go very slow, and the chip which is taken off will cular or parallel to the bar : F is the rest, supported 
fee in proportion, in order to save time. If these cir- by the slider f 9 and fixed at any height from the bar 
cumstances are not attended to, the edges of the tools by the screw g ; the steel centre points, a a, have a 
will be destroyed ; for it is a curious fact, that a soft sharp conical point at one end, and in the other a fine 
substance will wear away or cut the hardest steel by hole, and either end is used according to the nature of 

only giving it a sufficient velocity, most probably by the work. 

heating or softening the steel just at the edge ; this will The manner of using the turn bench wffl be best 
be avoided by properly adjusting the velocity ; for this understood, by describing the method of making a small 
purpose, the pulley or mandril is made with a number rmg or collet of brass ; a piece of brass plate is first to 
of different sized grooves for the band, and the foot be selected, of the proper thickness, and the hole drilled 
wheel has likewise three or four grooves of dMFerent and opened out by a broach to the intended size, then 
iizes corresponding with them, so that by shifting the with a pair of couicabpoititod compasses a circle is 
band from one to another, any required velocity may . drawn round die hole, a small quantity lafger than the 
be given. A complete lathe should have a pulley on ring to be made, aad by the saw, cold chisel, or shears, 
the axis of the foot-wheel, not much larger than that the brass is cut out to the circle, and smoothed on the 
on the mandril, for turning steel or cast-iron, though edge by the file; in this state the ring Is to be driven 
this material, being generally used for very large work, tight upon an arbor, G, see also Fig. 10 ; it i s a c o- 
is not often turned in a foot-lathe. For these purposes nieal steel wire, with sharp points at the ends turned 
a large massive lathe is employed ; it is generally made truly ; several sized arbors of this kind accompany a 
in cast-iron, in the same form as die lathe in Platt II, turn bench for various sized works: the string, or rafter 
but turned by a steam-engine or horse-mill ; the endless catgut of a drill-bow, is now. to be passed round the 
strap which communicates the motion being worked small brass pulley H, fastened on the arbor, and the 
upon a live and dead pulley fitted on the mandril, for arbor and collet are to be placed in tbe turn bench by 
the convenience of discontinuing the motion at plea- first sliding tbe puppet D on the bar to the proper 
sure. Mr. Maudslay, of Westminster road, Lambeth, distance to receive the arbor, and fastening it by the 
who has a more complete and extensive turning-shop screw d, then inserting tbe point of tbe arbor raftd ftfc 
than any other mechanic, employs the triangle bar lathe hole in tbe end of one of the pins a, and pushing the 
for the largest work, the bar drawing out to admit it, ofter up till tbe arbor has no shake, the screw b be i n g 
and all his lathes are provided with slide rests and uni- turned will prevent k getting loose ; tbe rest F tiuUt 
versal chucks, like Fig. 3, which instrument be firtt now be fixed opposite to the work and. close fee it, by 
introduced into general practice ; his lathes are made the screw e, and set rafter below the level of tbe Centre 
in a more elegant form than that represented in our of the arbor ; the whole torn bench being Screwed m 
Plate, but contains all the same parts and has the same the vice by the part it, the turning is began by d r a wi n g 
uses. the bow held in tbe left band backwards and forwards; 

The reciprocating motion of a treadle and string, like this causes the work to turn round, and a graver, or 
the centre lathe, is never used for turning large work other turning tool before described, being held in tbs 
in metal ; as the time and labour employed to do it in right hand over tbe rest to the work, Soon cuts it to a 
this manuer would be too great to answer ; but artists circular figure. In the same manner, by means of 
who make small work, as watch and dock-makers, are various sized arbors, small globes, nuts, or my other 
constantly in the habit of using. work which will admit of having a hole through it, 

The Turn Bench.— This is a small centre lathe in may be formed in the turn bench, 
which the motion is given to the work by means of a A different method is employed in turning pins with 
bow, like that used for drilling. The turn bench. Fig. heads, small spindles, or arbors for wheels, dec. ; these 
14, Plate II, is a very convenient kind of lathe for are made from brass, or steel wire, and the work ma n 
small centre work, for it requires no frame, but is held must provide himself with a number of small bras 
in the vice ; A A is the bar, made of iron, very straight pulleys, each having a small hole through it, which 
and true at one end, the puppet B is fastened perpen- holes are of different sizes, to su^vtoriotis work ; if ft 
dicularly to the bar ; it has a hole drilled through it at piece of steel wire is to be tamed, it must be filed to 
top to receive a cyiindric steel pin, u, which is the points at the ends, and one of. the ends made a little 
centre point, and a finger screw, 6, to fasten it ; D is conical, then by driving it into one of the brass pol- 
a puppet similar to B, but moveable along the bar to leys it may be turned by the bow, in tbe same manner 
any place to suit the length of the work, where it may as tbe cobet above described. But for some peculiarly 
be fixed by the screw d ; E is a socket for the rest, nice work, as the arbors of watch ' wheels, fee. which 
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are cylindrical, and therefor* will not receive a brass for making sharp points t* pins ; it has a conical hole 
pulley without darker of slipping, another kind of pul* drilled up it, opening into a notch d, filed in the point; 
i ley must be used ; a simple, one for this purpose is the article to be turned is prepared for this point by 
I made of wood, and has a conical bole through it ; this first turning it by the common centres until the end of the 
i being driven on the cylmdric wire or arbor, will accom- work is small enough to go through the bole in the 
? module itself to the size of it without, bruising or dis- point, and project into the notch d; in this state, the 
I f i gur in g the work, as the brass pulley would if it should bearing for the turn is taken on a shoulder which 
i slip about it. The small pulley or ferrule shewn at Fig . rests against the end of the point, and the end of the 
13, Plnte Clock-Work, is intended for this kind of pivot, which is beyond the* hole, is relieved from the 
* work; it is a steel ring or pulley, having a small bar left strain occasioned by the motion of the bow ; and may, 

> across it, this bar is tapped to receive two screws, by which j in this state, be wrought extremely fine by files, and, 
another moveable bar is drawn up towards the fixed afterwards, by emery, or powder of rotten stone, spread 
i one ; a small notch is filed in the middle of each bar on the end of a piece of steel, and held against it.-— Sf* 
t to hold the work, and by the screws it will adapt itself Watch-Work. 

. to work of Afferent sizes; as the fixed bar is in the Turn benches are greatly used by watch-finishers ; m- 
i same piece with the pulley, it will only fit one size of deed, many have no other lathe or turning machine 
work to be concentric with the axis of it; but this is than a turn bench and a turn. Their turn benches are 
. not material when the pulley is to be turned by a drill often made aud finished in a'most capital manner. The 
bow, for the string passes all round it, and will not be best sort are called Geneva turn benches, and are like 
more liable to slip for the jMiUef being eccentric. A Fig. 14 in shape; they are made of iron, and case- 
brass pulley, made like ^ Fig. 13, is intended to be hardened, so that a file will not touch them. The 
fitted upon work which requires that it should be points a a , are made to fit their sockets very truly, and 
c on cen t ric, and is adjusted by means of its three or ■ to defend them from receiving injury from the end of 
four screws, a a, as described before for the centre the screw b b, pieces of steel, called bridle-bits , or, 
lathe. When pins are to ' be turned from brass wire, more properly, saddles , are placed upon them. A 
the sharp points at the ends of the pivots a a of the square hole is made through the puppet, intersecting 
turn bench are to be used, and corresponding holes j both the hole for the screw b, and the hole for the 
made in the ends of the brass wire ; for if points were ‘ point a , at right angles. The saddle is a small piece 

made to tbd ends of the brass, there should be danger i of brass inserted into this hole, covering the centre- 

that they would be worn away before the work was j point, and preventing the end of the screw from touch- 
finished, and it is not an easy matter to find the centre . ing it, at the same time giving the screw a firmer bold 
again ; the treatment is the same in other respects as ! of the point, and preserving both point and screw from 
for steel, except that different tools are used for cut- I injuring each otlier. The saddle is prevented from 
tmg it dropping out of its hole, when the screw is loose, by a 

In turning either brass or steel wire, it sometimes screw which passes through a square piece of plate 
happen* thpt the wire is small, and is not of sufficient which is in the same piece with the saddle; in the same 

strength to bear turning, or it may be in short pieces, manner, a steel spring is interposed between the end of 

as such cases a stock is employed; it is an arbor made the screw d, and the lower side of the bar A A; and 
of steely with a brass pulley fixed on at one end, the these springs act when the screws are slack, to make 
other end is perforated with a round or square hole to the puppets slide stiffly, yet snkoothly, along the her 
receive the ead of the short piect of wire whieh is to j A A. 

be turned; this wire is to be pointed if steel, or if | A wheel and a pulley are sometimes applied to a 
brass, it should have a small hole in it for the point of turn bench in the same maimer as the centre lathe used 
the turn bench centres, a a, between which it is turned by millwrights. It is then called a throw, and is used 
ns before-mentioned; a notch is filed in the stock near for turning small screws, fee., in brass; in this case, a 
its hollow end, so as to expose the end of wire which ! brass pulley as large as will conveniently tern in the 
m driven into it for tbe purpose of introducing the end turn bench, is fitted upon one of the centre points a>; 

a screw driver, or any other similar tool to force an opening is filed out in the pulley exactly similar to 
M tbe wire, for after it is turned it cannot be drawn one of the openings which would be in k if it were fifed 
mut by the pliers or vice without injuring, or perhaps out with four arms, and tbe remaining solid part is 
destroying the work : for turning very small work, a Upped with several holes at different distances from the 
(xmmhI hole in the end of the stock wiU answer very centre, to receive pins, in the same manner as the centre 
well, .without slipping, but the huger articles must be lathe above desc/ibed. The pulley is turned by a oat- 
lamed in a stock which has a square hole, and the wire gut band from a wheel worked with a handle; the wheel 
s filed square to go into it. Another very useful ap- . is mounted in a frame fixed on a board, and the turn 
teuduge to the tarn bench is, a pin or pivot, see K, bench is set up in a frame fixed to the same board, be- 
F*£g m 11 , -PL Clock-work, which is fixed in the place fore k ; the arboes, and ether pieces of mechanism, 
fthe centre points, a or a, for the purpose of turn- used in the turn beach, are turned by small drivers made 
exceedingly fine pivots to tbe arbors of wheels, or Him Fig. 5, or tbe ends of them am filed aquare, and 
^ 7 D driven 
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driven into pieces of brass plate, which are. poshed 
round by the pins in the pulley". 

The watch-maker’s turn, shewn in PL Clock-work, 
Fig . 11, is the tool in which he turns the most de- 
licate and minute work. It is described in our article 
Watch-work* 

Elliptical Turning . — This is performed in the same 
lathe and with the same tools as the circular work, but the 
lathe is provided with a chuck which causes the work to 
traverse in a very curious manner, to and from the 
centre as it revolves, so that a tool, held up against it, 
will cut it into an elliptical figure instead of a circle. 
The work has a curious appearance, when in motion, 
for, after the work has been turned truly elliptical, 
every part of the circumference, except the exact point 
where the tool is applied, appears to wabble, or be ec- 
centric, in a great degree, but that one point of the cir- 
cumference runs perfectly true and regular, the same as 
the whole circumference of circular work does. The 
mode of action of this ingenious chuck is rather difficult 
to describe, but we will endeavour to give an idea of it, 
by adverting to the principle of its action/ This is the 
same as the trammel, or elliptic compasses, see Fig. 
16; these consist of a circular or square board A A, 
BB, having two grooves in it perpendicular to each 
other, this is fixed down upon the surface where the 
ellipse is to be described ; the centre lines of the 
grooves, forming the two diameters thereof, and, of 
course, their intersection its centre, so that the curve 
will be traced beyond the circumference of the board 
by means of a pen or pencil, which is fixed at C to a 
radical bar or beam E, the above carries two points or 
pins F G, which are attached to dove-tailed sliders in- 
serted into the grooves of the board as shewn in the 
figure ; they are fitted in truly, so that each of the dove- 
tails have a motion in its grooves, G moving along 
B B, and F along the groove A A. By turning about 
the beam E, they go backwards and forwards along the 
cross grooves, so that when the beam has gone half- 
way about, one of these sliders will have moved the 
whole length of one of the halves of the cross, and 
when the beam has gone quite round, the same dove- 
tail has 'got back the whole length of the cross. The 
same applies to the other dove-tail. 

The pins F G and C can be fixed at any part of the 
beam E at pleasure (though not represented so in the 
figure), for the purpose of setting it to draw any parti- 
cular ellipses ; thus place the beam in the direction of 
* the line d B, then the pin F will be in the centre of 
the cross grooves ; now fix C at such a distance from 
the centre F as is equal to half the small diameter of 
the ellipse, and set G so far distant from F as the dif- 
ference of the two diameters ; consequently, from C to 
G will be equal to half the longest diameter. Now, in 
turning the beam round from the direction B B till it 
comes to A A, the point F will depart from the centre 
along A, and G will approach it along B, till it gets to 
the centre ; then will C be so much farther from the 
centre as F is distant from G, and has in its circuit 


traced one-fourth of an ellipse ; and, die beam being 
turned quite round, will complete the whole curve. To 
shew how this apparatus may be applied to turning, we 
must suppose the cross groove, made in a round board, 
as large again as the figure; then, if it is inverted, 
and the beam E held fast in a vice, or otherwise, the 
board with the cross may be traversed round upon the 
dove-tails in the same manner as the beam could be 
traversed round upon the board : Now, if we suppose 
a tracing point, fixed exactly opposite the place where 
the tracing point C is fixed to die beam, it is evident 
its poiut will trace the same ellipsis on the back of the 
board, which was before described on the face of the 
surface it laid upon ; or, a chisel being held fart here, 
will cut the board elliptical when turned round, and 
being successively applied at different points along the 
line of the beam E, a series of concentric ellipses may 
be turned in the board 4o make mouldings for picture- 
frames or other ornaments ; the distance of the two fixed 
pins F and G being altered, will, at pleasure, vary the 
proportion between the diameter of die ellipses in the 
same manner as before described. 

The oval-chuck is constructed in a. different ******* 
from this, though it preserves the same movements. It 
consists of three parts — the chuck, the slides, and the 
circle. The chuck H H, Fig. 17, is attached to the 
mandril, by a screw projecting from the centre of it be- 
hind, and turning round with it. Fig. 18 is a view of the 
chuck behind, where the screw b marked k; the chuck 
has a dove-tailed groove formed in it at the part for the 
reception of a slider K, which traverses freely in the 
groove ; this is formed as the figure shews, by pieces 
a a screwed to the chuck on each side. The centre of 
the slider in front has a screw L, Fig. 17 , projecting 
from it, by which a wooden chuck may be screwed 
-against the slider, and any work can be fixed m it in the 
usual manner, so that the work, at die same time it 
toms round, by the motion of the chuck, has a sliding 
motion across the cutter, which being given in a certain 
line produces an elliptic motion. The didmg motion is 
given by the circle, Fig. 19* This is a ring of bra® 
M attached fast to the puppet of the lathe, the mandril 
passing through the aperture N : the ring has a flit 
plate O, to strengthen it, and forming two bends at 
the ends, which have screws P Q Upped through them, 
and pointing exactly to each other ; these screws have 
sharp points which enter small holes in each side of the 
puppet, and the back of the circle M lying flat against 
the front of the puppet, is, by this means, fixed fast; 
the two screws PQ being then horizontal, and both 
pointing to the centre of the mandril ; but, by screwing 
one screw in, and the other out, the whole circle may 
be brought forwards horizontally so as to give it any re- 
quired degree of eccentricity from the mandril, and it 
will be stationary wherever it is placed. Fig . 18, which 
is a back view of the chuck, shews two grooves made 
through it ; then admit the shanks of two straight-edged 
pieces of steel R R, which are firmly aUached to the 
slider by a screw for each, as shewn at p p > Fig . 17, 

in 
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in front thereof. The two inside edges of R are ex- 
actly parallel, and the distance between them is exactly 
equal to the diameter of the outside of the ring M, 
which is included between them, when the chuck is 
screwed to the mandril, and the circle fixed to the 
poppet, as above-mentioned. Suppose then, the circle M 
is set concentric with the mandril, which being turned 
round, causes die chuck and slider together with the 
work attached to the screw L, to revolve ; but the work 
will now run in a circle, and turn circular work as 
usual, because the slider is guided by its claws R R, 
embracing the circle M, to keep the same position in 
its groove in the chuck, during all the parts of a revo- 
lution. Now place the tool at such a distance from 
the centre that it will describe a circle of equal diame- 
ter to the breadth, or smallest diameter of the ellipses 
intended to be turned (this is best done by fixing the 
tool in the slide rest). Now turn about the mandril till 
the slider comes horizontal, and settiug the circle M 
eccentric by its screws P and Q, it, of course, moves 
the slider in the groove, and also the work with it, 
farther from the centre, because the two steel pieces 
RR, at the back of the slider, include the circle be- 
tween them. The quality of eccentricity given to the 
ring is equal to the difference between the two diame- 
ters of the required ellipses, so that the work shall 
move or throw out a sufficient distance to bring the 
point of the tool as much beyond the circle first de- 
scribed, as the length of the ellipses exceed the 
breadth ; the point of the tool will now be at one end 
of the longest diameter, and here we will commence 
to trace the curve all round. In turning the mandril 
round till the slider comes vertical, it must return in its 
groove to the place it first occupied, viz. the centre; 
because the circle M which guides it, is not eccentric 
in a vertical direction, though it is in the horizontal. In 
this motion, the point of tha tool has described one 


J uadrant of an ellipsis, because it gradually approached 
xe centre a quantity equal to the eccentricity of the 
circle M. By continuing to turn it round farther, the 
circle will cause the slider to move out the other way 
from the centre, in its groove, until it comes again ho- 
rizontal, when it will be at the greatest throw-out, as 
the turners call eccentricity ; and the point of the tool 
will be at the other end of the longest diameter, hayiiig 
described one half the curve. Continuing forwards, till 
the slider becomes vertical, it will be eccentric again, 
the tool, at the breadth of the oval, having finished 
three quarters of the ellipses ; and, in turning the next, 
or fourth quarter, the slider throws out till it comes 
horizontal, and brings the work to the position where it 
first set out, viz. at the greatest eccentricity, and the tool 
at the end of the longest diameter of the ellipse. 

The reader will not, perhaps, easily recognize the 
simple trammel in this complicated chuck, though it 
has, in reality, the same movement Thus recurring 
| to our first idea of a board, with two cross grooves in 
the back of it, turning round on two fixed pins which 
| enter dove-tails in those grooves. Suppose, that one of 
the pins is extended to a large ring M, the groove being 
proportionally widened to receive it, will have the same 
effect ; this groove is two pieces of steel R R, which 
have straight edges made truly parallel to each other, 
and perpendicular to the length of the slider K, w hich 
carries them. The other fixed pin is represented by 
the mandril, and the slider K being always confined in 
a right line across it, has the same effect as a pin enter- 
ing a straight groove. 

In turning oval work, in wood, the same tools are 
used as for circular work, but they must be very deli- 
cately used, because the circumference of the work 
moves with such an unequal velocity, at different parts 
of its revolution, that it is liable to draw the tool in, 
if too much hold is taken in the first instance. 


WATCH AND CLOCK-MAKING. 


The term watch is commonly applied to pocket or 
portable time-keepers, and such of these as are in- 
tended for the more curious purposes, have, of late I 
years, been carried to a bigh degree of excellence, both 
regarding their theory and execution. But in the vari- 
ous approaches to the present bigh state of improve- 
ment, no one appears to have made so great a stride at 
once as the late eminent D t. Hooke, by his excellent 
contrivance of applying a spiral spring to the arbor of 


the balance, by which means effects are produced on its 
vibrations similar to the action of gravity on the pendulum 
of a clock. Since this great improvement of Dr. Hooke’s, 
very little has been added to common pocket watches. 
The principal changes they have undergone has be'en in 
respect to their form, and, in this respect, the utility of 
the instrument has been somewhat sacrificed to the 
fashion of the day. Before Dr. Hooke’s improvements, 
the performance of watches was so veiy irregular that 

they 
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they were considered as serving only to give the time, 
for a few hours, and this, in rather a random kind of 
way ; and, accordingly, they were constructed so as to 
be wound twice in twenty-four hours, and to be set oc- 
casionally ; and for a longer period there could be no 
trust in them. However, it was found to be of some 
advantage to carry about the time even in this incorrect 
way. Various attempts were made by Dr. Hooke to 
render their performance more regular. One method 
was, by applying a loadstone so as to affect the balance 
in die manner that gravity affects the pendulum, and 
this appears to be an ingenious notion ; for, by the ap- 
plication of this, as a kind of artificial gravity, a pen- 
dulum might be made to vibrate, either in the plane of 
the horizon, or in any degree inclined, as well as per- 
pendicular to it. But this scheme was found to appear 
better in theory than in practice, and a tender spring was 
next applied to produce effects analogous to the former, 
by making one end of it play backwards and forwards 
with the balance, so that the balance acted like the bob 
of the pendulum, and the tender spring as gravity upon 
it ; and after various trials and changing the form of this 
spring to that of the spiral, it might be said to be re- 
solved into this scheme at last. 

The principles of watches thus improved, they were 
soon brought to a wonderful degree of accuracy by that 
admirable artist Mr. Tompion. They were made at 
first with two balances, each having the like number of 
teeth, and running in one another; of course, they 
moved in contrary directions, and, therefore, their mo- 
tion could not be disordered by sudden turns or jerks of 
file watch. Both balances had spiral springs applied to 
their centres, though the pallets were fixed to one only. 
These curious Watches appear, by various testimonies, 
to have been executed about the year 1658. On one 
of these double-balance watches, presented to King 
Charles the Second, was this inscription — “ Robert 
Hook, inven. 1658 : T. Tompion, fecit, 1675.” — This 
watch appears to have been wonderfully approved of by 
the King, and the invention got into great repute, and 
was much spoken of abroad as well as at home, parti- 
cularly its feme flew into France, and the Dauphin had 
two made for hi(n by the hand of that eminent artist 
Mr. Tompion. 

After these inventions of Dr. Hooke, Mr. Huygens’s 
watch, with a spiral spring, came abroad and made a 
great noise in England, as if the longitude could now 
be found. 

Mr. Huygens’s watch agreed with Dr. Hooke’s in 
the application of the spring to the balance, but Huy- 
gens’s had a longer spring, and the beats were much 
slower; and hb verge had a pinion (like the present 
lever-watches) instead of pallets, and had an interme- 
diate wheel acting in the pinion so as to turn it more 
than once round every vibration, and to this wheel were 
the pallets fixed on which the crown-wheel acted. Dr. 
Dernam has suggested that, probably, Mr. Huygens s 
fancy was at first set to work by somf intelligence he 
might have received of Dr. Hooke’? invention from 


Mr. OMenbuijj, or others, his corrftspoadeMi here in 
England.* Mr. Oldenburg vindicates himself against 
this charge in the Phil. Trans. Nos. 118 , It®. 

Dr. Derham speaks of Mr. Huygens’s contrivance 
as being very pretty and ingenious, but remarks, that it 
is subject to some defects ; for instance, “ whenever 
the watch stands still, that it wiH not go again until it be 
set a vibrating, which, though it be no defect in a 
pendulum-clock, may be one in a pocket- watch, which 
is exposed to continual jogs : also, it doth somewhat 
vary in its vibrations, making sometimes longer, some- 
times shorter, turns, and so some slower, some quicker 
vibrations.” 

We have remarked above, that the operation of the 
pendulum-spring, when applied to the watch-balance, 
is analogous to the action of gravity upon the pendulum 
of a clock, and which it may be necessary to offer a 
few words in explanation of. If the bob of a pendu- 
lum be drawn aside any certain number of degrees from 
its perpendicular state or point of rest, and then let 
freely go, the action of gravity upon it will bring it 
back again to its lowest point, bcrt, as in its passage 
thither, it will have acquired a certain momentum, tins 
will carry it up nearly as fer on the' opposite side the 
perpendicular, when the same operation will again take 
place ; and, in this way (if the pendulum be steady 
supported), the vibrations will continue for many hoars 
without any fresh impulse being given. So, m respect 
to the watch-balance, if it be put into its place (inde- 
pendent of the wheel-work), with the pendulum-spring 
properly attached to k, and the outer end of this spring 


* As the honour of this invention has boon chinet by so term- 
dtble a rival as the late celebrated Huygens, it seems doe to the 
memory of Hooke, to state a few onqnestionable frets.— Tint 
Hooke bod, many years before Huygens mrNM U, dioro vend 
the invention, is certain, as appears by what is related m the Hsr 
tory of the Royal Society (p. 247), where other of his invention 
are mentioned: it is said — “ There have been invented several sorts 
of Pendulum- Watches for the pocket, wherein the motion m regu- 
lated by springs, &c.*f — $ Waller (secretary to the Royal Society), 
gives some account of the Life of Hooke, and be there quotes a 
Letter from Sir Robert Moray to Mr. Oldenburg, dated Sept. 90, 
1665, from Oxford. Sir R. Moray (addressing himself to Mr. Old- 
enburg), says — w You will be the first that knows when his watches 
will be ready (meaning Huygens), and I will therefore expect from 
you an account of them, and if he imparts to you what he docs, let 
me know of it ; to that purpose, you may ask him if he doth not 
apply a spring to the arbor of the balance, and that will give him 
occasion to say somewhat to you : if it be that, you may tell him what 
Hooke has done in that matter, and what be intends more.* Huy- 
gens's discoVery was first published io the Journal des Scavam and 
from thence in the Philos. Trans, for March 95, 1675, about ten 
years after the above letter was written, and near fifteen yean after 
Hooke's first discovery of it. Bot, according to Derham, the inven- 
ts® which best answered expectation, was at lust executed with two 
balances, that both balances bud the same number of teeth, wtdcfc, 
running in each other, caused both balances to vibrate airke. These 
teeth were not cot in the rims of the balance, but each 'balance had 
a small wheel under it, and these wheels, running In owe another, 
caused both to move with tbe same velocity, though in couttmy di- 
rections, and each of these balances bad its spiral spring, though 
the pallets were fixed to one only. ^ 

t See Sprat’s History ef the Royal Society. 

I See the above, and other articles to this purpose, pc 5 6, of 

the Life of Hooke, at the head of his Posthumous Y^orka. 
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find as ito proper stud (in the pottMco-pkte), mi the 
Uiaoce moving freely on its pivots. If in this state of 
things you drew the balance several degrees from its point 
of rest, and then give it free liberty, the elastic power of 
the spring (which most have been bent in this opera- 
tion), will act upon it similar to the action of gravity 
upon the pendulum-bob, to bring it back to its point of 
Wit; but* m this i n sta n c e , also, a certain momentum 
being acquired in its passage, the balance will be carried 
thereby nearly as far on the opposite side the point of 
rest, and, in this way, the vibrations will be continued 
awhile without a fresh impulse being given ; and this 
experiment serves to shew in what maimer the pendu- 
Inm Hipring enables a watch to operate upon a balance 
of much superior weight to what it would otherwise 
cany, by which a great advantage is gained, for the 
eflects of the pendulum-spring are two-fold : in the first 
place, it empowers the watch to cany a balance of such 
weight as to acquire a sufficient momentum to resist, in 
a great measure, the inequalities of the main-spring and 
the train of the wheels, and, also, by causing an in- 
crease of velocity ; as the arc of the vibration increases, 
the various vibrations, though different as to the quan- 
tity of the arc, are nearly brought to an equality in re- 
spect to time, or made what is called isochronal. 

In respect to balance-rings, it is wonderful that the 
English artists should not, long since, have taken ex- 
ample from the French, in totally throwing aside steel 
balances ; and no opportunity should be lost in explain- 
ing the pernicious effects of using them. It must ap- 
pear obvious to eveiy body, that the regular perform- 
ance of a watch must depend on the regular vibrations 
of the balance, and, that whatever disturbs the latter, 
must, in the same degree, affect the former. And it 
has been found, by experience, that steel balances, in 
general, possess more or less of magnetism, and that 
most of them, on trial, exhibit a distinct polarity. Now, 
it is unpossible that there can be any watch with a balance 
pretty strongly impregnated with this quality, however 
excellent its construction in other respects, but must be 
subject to great inequalities in its going, and these will 
be produced by a variety of causes, such as change 
of position of the watch; or by the wearer of it 
carrying any thing in his pocket, formed of iron or of 
steel ; and, more particularly, by the near approach to 
any thing that itself possesses magnetism. The late Dr. 
Knight was well aware of this pernicious influence, 
many years ago, and it was a common practice with 
him when any gentlemen came to see his magoetical ap- 
paratus^ to warn them, before they entered tbe room, 
that, if they bad watches, with steel balances, in their 
pockets, they would infallibly be spoiled by approach- 
ing his magnetical mass. 

To explain the mechanism of a watch it is necessary 
to refer to the Pl*te f Watch-Work, which contains 
drawings of a sunk pocket watch of tbe best construction. 
Ftg . 1 represents the wheel-work immediately beneath tbe 
dial-plate, and also its hands, the circles of hours and 
minutes being marked, though the dial on which these j 


are engraved is removed. Fig. £ is a plan of the 
wheel- work all exhibited at one view, for which- pur- 
pose the upper plate of the watch is removed. Fig. 3 
is a plan of the balance, and the work situated upon 
tbe upper plate. Fig. 4 shews the great wheel and 
the pottance wheel detached. Fig. 5, the spring barrel, 
chain, and fusee detached ; and Fig. 6 is an elevation 
of all the movements together, tbe works being sup- 
posed to be opened out into a straight line, to exhibit 
them all at once; Fig. 7 is a detached view of tbe 
balance,* and what is called the escapement, in action. 

The principal frame for supporting the acting parts 
of tbe watch, consists of two circular plates, marked 
C and D in the figures ; of these the former is called 
tbe upper plqte, and J) is called the pillar plate, from 
the circumstance of the four pillars, E E, which unite 
tbe two plates and keep them a proper distance asunder, 
being fastened firmly into the lower plate; tbe other 
ends pass through holes made in the upper plate, C, 
and small pins being put through the ends of the pil- 
lars, keep. all together; but by drawing out these pins, 
the whole watch may be taken to pieces ; the pivots of 
the several wheels being received in small holes made 
in these plates, they of course fall to pieces as soon 
as the plates are separated. 

The maintaining power is a spiral steel spring, which 
is coiled up close by a tool used for tbe purpose, and 
put into a brass box called the barrel ; it is marked A 
in all the figures, and shewn separate in Fig. 5, with 
| tbe spring in it : the spring has a hook at the outer end 
of its spiral, which is put through a hole, a , Fig . 5 , 
m the side of the barrel, and ri vetted fast thereto ; the 
inner end of the spiral has an oblong opening cut 
through it, to receive a hook upon the barrel arbor, B, 
Fig . 5 ; the pivots of this arbor pass through the top 
and bottom of the barrel, and one of them is filed 
square to hold a ratchet wheel, b 9 Figs . 1 and 6, which 
has a click and retains the arbor from turning round, 
except in one direction; the two pivots of the arbor 
are received in pivot holes in the plates C D of the 
watch, and tbe pivot whith has the ratchet wheel upon 
it, passes through the plate, and the wheel marked 
b, Figs. 1 and 6, with its click, is therefore on the 
outside of the pillar plate D of die watch; the top 
of tbe barrel has a cover or lid fitted into it, through 
which the upper pivot of the arbor projects ; thus the 
arbor of the barrel is to be considered as a fixture, the 
click of the ratchet wheel preventing it from turning 
round, and the interior end of the spiral spring being 
hooked, this arbor is stationary likewise. The barrel 
thus mounted has a small steel chain, d y Figs . 2 and 6, 
coiled round its circumference, and attached to it by 
a small hook of the chain which enters a little hole, 
made the circumference of the barrel at its upper end ; 
the other extremity of this chain is hooked to tbe 
lower part of the fusee, marked F, Figs. 2, 5 and 6, 
and the chain is disposed either upon the circumference 
of the barrel, or in the spiral groove cut round the 
fusee for its reception, tbe arbor of which has pivots 
7 E at 
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at the ends, which are received into pivot holes made 
in the plates of the watch ; ofie pivot is formed square 
and projects through the plate, to adapt the key by 
which the watch is wound up. 

It is evident that when the fusee is turned by the 
watch-key, it will wind the chain off the circumference 
of the baiTel on itself; and as the outer end of the 
spring is fastened to the barrel, and the other is hooked 
to the barrel arbor (which, as before-mentioned, is 
prevented from turning by die click of the ratchet 
wheel, a b, beneath), the spring will be coiled up into 
a smaller compass than before, and by its reaction will, 
when the key is taken off, turn the barrel, and by the 
chain turn the fusee and give motion to the wheels of 
Ae watch, which will be hereafter described. The 
fiisee has a spiral groove cut round it, in which the 
chain lies ; this groove is cut by an engine, in such a 
form that the chain shall pull from Ae smallest part 
or radius of the fusee, when Ae spring is quite wound 
up, and therefore acts wiA its greatest force on Ae 
chain ; from this point the groove gradually increases 
in diameter, so as the spring unwinds and acts wrth less 
power, Ae chain operates on a larger radius of Ae fusee, 
so Aat the effect upon the arbor of the fusee, or the, 
cog-wheel attached to it, may always be Ae same, and 
cause Ae watch to go wiA regularity. 

To prevent too much chain being wound upon Ae 
fusee, and by that means breaking the chain or over- 
straining Ae spring, a contrivance called a guard-gut is 
added ; it is a small lever, e, Fig . 2, moving on a stud fixed 
to Ae upper plate C of the watch, and pressed down- 
wards by a small spring,^; as Ae chain is wound 
upon Ae fusee, it rises in the spiral groove, and lifts 
up Ae lever until it touches Ae upper plate, and it is 
Aen in a position to intercept the edge or tooA, g, of 
Ae spiral piece of metal seen on Ae top of Ae fusee, 
and mu8 stops it from being wound up any further. 

The power of Ae spring is transmitted to Ae balance 
by means of several cog-wheels, which multiply the 
number of revolutions Aat Ae chain makes on Ae 
fusee, to such a number, Aat Aough the last or balance 
wheel turns 9i every minute, Ae fusee will at Ae 
same time turn so slowly, that the chain will not all 
be drawn off from it in less Aan twenty-eight or Airty 
hours, and it makes one turn in four hours; Ais as- 
semblage of wheels is called Ae train of Ae watch. 
The first cog-wbeel, G, is attached to the fusee, and 
is called the great wheel ; it is shewn separated from 
tile fusee in Fig, 4, having a hole Arough the centre 
to receive Ae arbor of Ae fusee, and a projecting ring 
upon its surface ; the under surface of the base of Ae 
fusee is shewn in Fig . 5, at F, having a circular cavity 
cut in it to receive Ae corresponding ring upon the 
great wheel G, Fig. 4; a ratchet wheel, #, is fixed 
fast upon Ae fhsee arbor, and sunk wiAin the cavity 
excavated in the lower surface of Ae fusee. When Ae 
wheel and fusee are put togeAer, a small click, h, 
Fig. 4, takes into the tee A of the ratchet i; as the 
fusee is turned by Ae watch-key to wind up Ae watch, 


is turned tbe oAer way by drawing the chain from 
Ae spring barrel, the click catches tbe teeth of the 
ratchet wheel, and causes Ae cog-wheel to tom whit 
the fusee. 

The great wheel, G, has forty-eight teeth on its 
circumference, which take into and turn a pinion of 
twelve teeA, fixed on the same arbor wiA the 

Centre wheel , H, so otiled from its situation in the 
centre of the watch ; it has fifty-four teeA to torn a 
pinion of six leaves, on the arbor of tbe 

Third wheel , 1, which has forty-eight teeA; it is 
sunk in a cavity formed in Ae pillar plate, and turns a 
pinion of six, on Ae arbor of. the 

Contrate wheel, K, which has forty-eight teeth cut 
parallel with its axis, by which it turns a pinion of six 
leaves, . fixed to 

The balance wheel, L; one of Ae pivots of the 
arbor of this wheel turns in a frame, M, called Ae 
pottance, fixed to Ae upper plate (shewn separately 
in Fig. 4), and Ae other pivot runs in a small piece 
fixed to the upper part, called tbe counter pottance, 
(not shewn in any of the figures), so that when the 
two plates are put togeAer, the balance wheel pimon 
may work into tbe teeA of Ae contrate wheel, as 
shewn m Fig. 6. The balance wheel, L, has fifteen 
teeA, by which it impels. tbe balance op; the arbor of 
Ae balance, which is called Ae veige, has two 
leaves or pallets projecting . from it, nearly at right 
angles to each oAer, Aese are acted upon by the teeA 
of Ae balance wheel L, in such a manner, that at 
every vibration Ae balance receives a slight impiiW to 
continue its motion, and every vibration so made, suffers 
a tooA of Ae wheel to escape or pass by, whence this 
part is called the escapement of the watch, and con- 
stitutes its most essential part. The wheel L, is some- 
times called Ae scape wheel, or crown wheel ; its ac- 
tion is explained by Fig . 7, which shews the wheel 
and balance detached. Suppose in Ais view, Ae pinion 
h, on Ae arbor of the balance wheel or crown wheel, 
i k, to be actuated by the main spring which forms 
the maintaining power, by means of Ae train of wheel- 
work in Ae direction of Ae arrow, while Ae pallets 
m and n, attached to the axis of Ae balance, and 
standing at right angles to each oAer, or very nearly 
so, are long enough to fall in the way of Ae ends of 
the sloped teeth of Ae wheel when turned round at an 
angle of 45°, so as to point to opposite directions, as 
in the figure ; Aen a tooA in Ae wheel below for in- 
stance, meets wiA Ae pallet n (supposed to be at 
rest), and drives it before it a certain space, till the 
end of Ae tooth escapes; in the mean time tbe 
o sp r, attached to Ae axis of Ae pallets, continues 
to move in Ae direction r o s p, and winds np tbe 
small spiral or pendulum spring, q , one end of which 
is fast to the axis, and Ae oAer to a stud on Ae upper 
plate of Ae frame; in Ais operation, tbe spring op- 
poses Ae momentum given to Ae balance by Ais push 
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of thetootb upon the pallet, and prevents the balance 
going quite round, but the instant die tooth escapes 
the upper pallet, m, meets with another tooth at the 
opposite side of the wheel's diameter, they therefore 
moving hi an opposite direction to that below; here 
this pallet receives a push which carries the balance 
back again (having as yet but small momentum in the 
direction o s p r), and aids the spring, which now un- 
bends it9elf till it comes to its quiescent position, but 
it- swings beyond that point, partly by the impulse from 
the maietajoing power on tbe pallet m, and partly by 
the acquired momentum of tbe moving balance, par- 
ticularly when this pallet, m, has escaped; at length 
die pallet si again meets with the succeeding tooth, and 
is carried backward by it in the direction in which the 
balance is now moving, till the maintaining power and 
force of the unwound spring together overcome the 
momentum of tbe balance, during which time the re- 
coil of the balance wheel is apparent (or the seconds 
hand of the watch has one put on the pivot of tbe 
arbor of the contrate wheel;) at length the wheel 
brings the pallet n back again till it escapes, and tbe 
same process takes place with pallet m as has been 
described with respect to pallet n ; thus two contrary 
excursions or oscillations of the balance take place 
before one tooth has completely escaped, which is the 
reason there must always be an odd number of teeth 
in this wheel, that a space on one side of the wheel 
may always be opposite to a tooth on the other, in 
order that ooe pallet may be out of action while the 
other is in action. 

The upper pivot of the verge is supported in a cock 
screwed to the upper plate, as shewn at N, in Fig. 6, 
which covers the balance, and protects it from violence, 
and tbe lower pivot works in the bottom of the pot- 
lance, M, at t, Fig . 4. The socket for the pivot of the 
balance wheel, is made in a small piece of brass, v, 
which slides in a groove made in the pottance, as shewn 
Fig, 4, so that by drawing the slide in or out, the 
teeth of tbe balance wheel shall iust clear one pallet 
before h takes the other ; and in the perfection of this 
adjustment, which is called the scaping of the watch, 
the performance of it veiy greatly depends. We shall 
speak more fully of this in another place. The bank- 
ing of the watch is to prevent the balance from being 
turned round too far by accidental jerks, in which case 
one of the pallets would be pitched upon the point of 
a tooth of the balance wheel, and recoil it back too 
far, perhaps injuring its point; this is called being 
overthrown. Sometimes if the balance gets turned 
round too far, the pallets are both turned away from 
the teeth of the wheel, which then runs down with 
inconceivable rapidity, and probably breaks the points 
of its teeth by striking against the pallets as they turn 
round ; to avoid these accidents, the banking is intro- 
duced ; it is a pin fixed in the rim of tbe balance,, and 
therefore describing a circular arc round the edge of 
the cock N, which cowers the balance ; but the proper 
extent of this arc is determined by the banking-pin 


set 

meeting two projecting parts of die cock, which are 
extended out so far as to reach beyond the circle the' 
banking-pin moves in. 

We have now described the means by which the 
watch keeps time, viz. that every vibration of the ba- 
lance suffers a tooth of the balance wheel to escape and 
run down, by the constant action of the main spring ; 
it now remains to shew the communication of this 
motion to the hands of the watch, which indicate the 
time on the dial plate. The hands are moved by the 
central arbor, which comes through the pillar plate and 
projects a considerable length ; it has a pinion of twelve 
leaves, called 

The common pinion , w, Fig . 6, is fitted npon it, the 
axis of which is a tube formed square at the end, to 
fix on the minute hand, W ; it fits tight upon the pro- 
jecting arbor of the centre wheel, and therefore turns 
with it, but will slip round to set tbe hands when the 
watch is wrong and requires to be rectified ; the com- 
| mon pinion is situated close to the pillar plate, and its 
leaves engage the teeth of 

The minute wheel , X, Figs . t and 6, of forty-eight 
teeth, which is fitted on a pm fixed in the plate, and 
its pinion, x, of sixteen leaves, which is fixed to it, 
turns 

The hour wheel, Y, of forty-eight teeth; the arbor 
of this is a tube, which is put over the tube of the 
cannon pinion carrying the minute hand, and has the 
hour hand, Z, fixed on it, to indicate the time upon 
the dial plate. Thus, by the cannon pinion, w, which 
is to the minute wheel X, as one is to four, and the 
pinion x of this, which is to the Aosir wheel, Y, as 
one is to three, the hour wheel Y, and its hand z, 
though concentric with the cannon pinion and minute 
hand, make but one revolution for twelve of the other, 
therefore one turns round in an hour, and the other 
turns round once in twelve hours, as the figures on the 
dial shew. 

An increase of force in the action of the main 
spring would alter the rate of the watch, by commu- 
nicating a greater force by the teeth of the balance to 
the pallets. The fusee is therefore grooved in such 
a way, after being made in the shape of the frustum 
of a parabolid, that the decrease of the acting radius 
Is always inversely proportional to the intensity of the 
main spring. By this admirable contrivance the effec- 
tive power of the spring is at all times very nearly 
alike. The adjustment of the varying levers, or points 
of action of the fusee, is made very conveniently by * 
long lever with a moveable weight like a steel' yard 
being inserted on the square of the fusee arbor which 
is made for the key, as will be explained more par- 
ticularly in its proper place, when we come to explain 
the methods used by watch-makers for adjusting and 
finishing their watches. 

It is necessary to have some regulation by which the* 
rate of the watch’s movement may be regulated, for 
hitherto we have only spoken of making the watch keep 
always to a uniform, or certain rate of motion, but it is 

. necessary 
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necesnryto make it keep true time. This can be dopeby 
two means, either by increasing or diminishing the force 
of the main spring, which increases or diminishes the 
arc that the balance describes; or it may be done by 
strengthening or weakening the pendulum-spring, which 
will cause the balance to more quicker or slower. 

The pendulum-spring, q> Fig. 3, is fixed to a stud, 
upon the plate c, by one end, and is attached to the 
verge of the balance by the other. 

The regulation is effected by means of what is called 
the curb ; this is a small lever, z, Fig. 3, projecting 
from a circular ring, r r, which may be considered as its 
centre of motion, but perforated with a hole through 
the centre, large enough to contain the pendulum-spring 
within it ; a circular groove is turned out in the upper 
plate, nearly concentric with the balance, and the ring, 
r r, fits into this. Both are turned rather largest at the 
bottom, in the manner of a dove-tail ; but the ring be- 
ing divided at the side opposite to the lever, z, can be i 
sprung up and rendered so much smaller as to get it into 
the groove, but being once in the elasticity of the ring, it I 
expands it, so as to fill the groove completely ; in this 
state it may be considered as a lever which describes a 
circuit round the verge as a centre, and the end of it 
points to a divided arc engraved on the upper plate, at 
one end of which is marked F, and, at the other, S, 
denoting that the index or lever, z, is to be moved to- 
wards one or the other, to make the watch move faster 
or slower as its regulation requires. 

The manner of its operation is thus, the end of the 
lever, or index z, continues witbin the circle a small 
distance towards its centre, and passing beneath the 
outer turn of the spiral spring q, has two very small 
pins rising up from it, \vhich include the spring between 
them,* the actual length of the pendulum-spring is 
therefore to be estimated from these pins to its couh 
nexion with the verge ; now, by altering the position of 
the index, this acting length can be regulated at plea- 
sure, to produce such vibration of the balance as will 
make the watch keep true time. By shortening the 
length, the spring becomes more powerful, and returns 
the balance quicker so that it will vibrate in less time ; 
this is effected by moving the index towards F. On 
the other hand, turning the # index toward S, lengthens 
the spring by which it becomes more delicate, and less 
powerful, returning the balance slower than before. 

The old-fashioned watches have their curbs turned 
a pinion, to which the watch key is applied, and it 
has a small dial to contain the divisions by which its 
motion is determined. These divisions are not of any 
actual value in time, but they serve to shew where the 
index stood, and which way it has been moved when 
any regulation is made. The same kind of watches 
usually have, instead of the ratchet-wheel b , on the ar- 
bor of the spring-barrel, a small wheel turned by an 
endless aicrew, to the end of which a key was applied ; 
this Was the remains of the old watch made before Dr. 
Hooke invented the pendulum-spring, ' because such a 
watch was necessarily regulated by w inding up the main- 


spring arbor, and, therefore, it was left so that the pos- 
sessor of the watch amid effect it without recurring to 
the maker. A watch of this description is in powwaaipsi 
of the writer of this article, and is, in general, similar 
to the watch above described ; but the balance is not 
quite half the size of the common watch, because the 
vibrations of a balance without a spring are so much 
slower, as it had no quiescent point to return to, being 
merely a fly to which the maintaining power gives a 
smart stroke, urged in one direction, and then the next 
tooth of the balance-wheel destroys its motion and 
drives it back again, so that constantly giving it an im- 
pulse in a new direction, makes a resistance to the 
maintaining power, which keeps the watch to its rate, 
but not with any great accuracy, because the abates! 
motion greatly disturbs the motion of such a balance, 
and its small size renders it very subject to variation 
from any irregularity in the force of the main-spring. 

Delicate watches have jewelled pivot-holes for the 
top and bottom of the. verge, to diminish the friction. 
These jewels are fixed in die bottom part t of the pot- 
tance and in the top of the cock, each consists of two 
pieces, one of which has a cylindrical hole drilled 
through it to receive the pivot ; the other is a flat piece, 
making the rest or stop which forms the bottom of the 
hole. Both stones are ground circular on the edge, 
and are fitted and burnished into a small brass ring, 
which is fastened into tbe cock and pottaoce by two 
small screws applied to each. The addition of jewels 
to a watch is a great advantage, as they do not tend to 
thicken the oil in the manner brass holes do, from the 
oxydation of the metal. 

The reader is now well acquainted with the mechanism 
of the common pocket watches, which are in most 
general use ; but those watches which are intended for 
accurate measurement of time, have some difference h 
their construction, chiefly 4n the escapement, and tbe 
balance, which, as before-mentioned, are the parts on 
which tbe measure of time depends, the others being 
only to actuate and record the time measured out by tbe 
balance. 

It is essential to a watch which is intended to keep 
time with extreme accuracy, that 

1st. It shall not be affected by variation of tempera- 
ture ; for the balance of the common watch is expanded 
by heat^ and tbe pendulum-spring is relaxed by its 
force, both which alterations tend to diminish its rate in 
hot weather, and mdke it gain in cold weather. This 
defect is obviated by the compensation-balance. 

2d. That the balance must, if possible, vibrate in the 
same time, whether it describes long or short arcs; 
this is called the isochronim of the balance. It b at- 
tained by a proper adjustment of tbe pendulum-spring, 
and by rendering tbe balance as little dependant on the 
influence of the maintaining power as possible, leaving 
it to its own free vibrations; this is affected by the 
escapement. 

3d. That the watch shall go whilst winding-up* so as 
it may not lose time during that essential operation; 
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file contrivance! called tt le going-fusee! accomplishes 
this. 

4th. That it shall keep the same rate in all positions, 
therefore die balance must be truly poised on its verge. 

The first of these conditions is attained by die intro- 
duction of the compensation-balance! which is a most 
admirable contrivance ; it consists of weights instead of 
the solid rim of the balance, and these weights are so 
fixed that they approach the centre of the balance in 
hot weather! and recede from it in cold, just as much 
as is requisite to compensate for die loss or gain of 
force in die pendulum-spring. 

Fig. 10, represents a compensation-balance such as 
is usually introduced into the best chronometers or time- 
keepers made by the English artists. It is made in the 
following manner : — A circular groove is turned in the 
fiat surface of a piece of steel, and into this groove a 
piece of good brass is driven, and a little of the solu- 
tion of borax is applied to prevent oxidation. This 
compound piece, being then put into a crucible, is 
made sufficiently hot to melt the brass, which, in these 
circumstances, adheres firmly to the steel without re- 
quiring solder. The face of the steel is then cleaned, 
and by proper application of the mechanical means of 
turning and filing, the superfluous steel is taken away, 
and the balance is left, consisting sometimes of two or 
three radii, A B, and a rim, C D ; the external part of 
which is brass, and the internal part of steel; the 
former metal bring about twice the thickness of the 
latter, in order to allow for the superior susceptibility 
of brass to steel, of any change of temperature. Some 
artists solder the acetals together, and others plunge die 
steel balance into melted brass! and suffer them to cool 
together! but the method we have described seems to 
be the best.* 

In this state the arcs, C D, of the rim are then cut 
through, and then diminished in their length, as in the 
figure ; and near that extremity of each arc, which is 
farthest from its radius, a piece of brass or weight, E F, 
is put on, which can be slided’along the arm so as to 
be adjusted at that distance which, upon trial, shall be 
foand to produce a good performance under the different 
changes of temperature. The peculiar advantage of 
this balance may be explained as follows : — When an 
increase of heat diminishes the elastic force of the pen- 
dulum spring, the outer brass rim being lengthened by 
ezpamion more than the steel, must cripple or warp the 
steel, on die same principle as the warping of wood by 
damp, and this throws the weights, E F, nearer to the 
axis, and diminishes the effect of the inertia of the ba- 
lance, which, consequently, is as speedily carried through 
its vibrations as before, though the force of the spring 


• Mr. Harmon, in observing the effects of change of tempera- 
too of the air on bis tbermometer-kirbs, observed, that the brass 
narts became sooner affected always than those of steel, and, in 
Sfffer to counteract this superior snsceptibility in brass, he thought 
it necettary, la constructing his gndiron-pendahuns. to make the 
brass rads stouter than the steel ones, to prevent their overacting 
their antagonists. 


is diminished. And, on the contrary, when cold wea- 
ther adds to the elastic force of the spring, the same 
weights are thrown farther out, and prevent the acce- 
leration which would have followed. The exact adjust- 
ment of the weights is found, by trial, of the going of 
the machine. If it gains by heat, the weights compen- 
sate too much, and must be moved farther from the ex- 
treme ends of the circular compound bars ; but if the 
gain be produced by cold, the spring predominates, and 
die weights will accordingly require to be set farther out. 
For it is evident that the flexure of these arms by 
change of temperature, will carry the weights nearer to 
the centre in hot than in cold weather, and the more, 
the greater the distance of the weights from the radius. 
The small screws, GH, near the ends of the radii, 
afford an adjustment for time, as the balance will vibrate 
more quickly the further these are screwed in, and the 
contrary will be the case if they be unscrewed or drarin 
further out. This is requisite in an accurate watch, it 
being found to be a much better method than making 
alterations in the pendulum-spring, because this destroys 
the adjustment by which our second condition, viz., that 
the vibrations shall be performed in equal times, whe- 
ther long or short, is fulfilled. It is found, by experi- 
ence, that, in every spring sufficiently long, a certain 
portion of it will be isochronal, whether long or short ; 
that the length of this portion being found, if it be 
lessened, the long vibrations will be quicker than the 
short ones; and, that, on the contrary, if the length be 
increased, the small arcs will be performed in less time 
than the great arcs. This isochronal length of the 
pendulum-spring can only be found by experiment, 
and, when once determined, should not be altered on 
any account. Some artists taper the thickness of 
the spring, making it thinner at one end than the 
other; but, after all, if the balance is not mMe veiy 
independent of the maintaining power, by a proper 
contrivance of the escapement, the isochronal property 
of the spring will be overruled by the irregularities of 
the maintaining power, which irrejpilarity alone requires 
the necessity for any such property, by diminishing or 
increasing the arc of vibration as the maintaining power 
varies in its force ; for though a fusee may be adjusted, 
so that the action of the spring may be in every part 
equal ; yet a watch, when it has been long in use, al- 
ways has less power on the balance, which loses in the 
extent of its vibration, from the gradual accumulation 
of dirt in the wbeeiwork, and more from a clamminess 
which takes place in die oil, which is applied to the 
pivots, particularly that at the verge pivots ; so, that, if 
the actual power of the main-spring is not diminished, 
the resistance to that power is constantly increasing, and 
would, in the course of years, completely put a stop to 
the motion of the watch. 

A good escapement for a watch should only apply the 
impelling power to the balance at the moment when it 
is near the quiescent point, leaving it to finish the vi- 
bration by the combined action of the pendulum-spring, 
and its own momentum alone ; without being influenced m 
7 F the 
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the period of its return by the action of the maintaining 
power. This is not the case in the escapement used m 
the common watch we have described, which is called the 
crown-wheel escapement: in this, the balance is constantly 
Connected with, and influenced by, the maintaining 
power, except during the exceedingly small time of die 
drop of the wheel from one pallet to the other, on 
which account the measure of time will gready vary 
when the force of vibration is nearly equal, or not much 
greater than the maintaining impulse ; this is shewn in a 
striking manner by urging the motion of a common 
watch by means of the key. If the key be pressed in 
the usual direction of winding up, the beats of vibra- 
tion will become very slow, or even stop ; and, if the 
pressure be made in the opposite direction, the vibra- 
tions will become very loud and quick. To remedy this 
defect of the crown-wheel escapement, many different 
kinds have been devised and employed by different 
artists, and with good effects : that which has been 
most generally employed in pocket watches is called the 
horizontal escapemeut, from the circumstance of the 
last, or balance-wheel, having its plane horizontal or pa- 
rallel with the balance and the other wheels. 

Iu Fig. 9, the balance-wheel is seen with twelve 
teeth, upon each of which is fixed a small wedge sup- 
ported above the plane of the wheel, as tnay be seen 
iby the letters A B and C D. On the verge of the ba- 
lance there is fixed part of a hollow cylinder E, of steel 
or* other hard metal, the imaginary axis of which panes 
through the pivot of the verge. H represents this cy- 
lindrical piece, with a notch cut in one side which 
nearly divides it. The wedge A, Fig. 9, may be sup- 
posed to have fallen into this notch. While the vibra- 
tion causes the cylindrical piece to revolve in a direction 
which carries its anterior edge a, towards the axis of the 
wheel, the point of the wedge A, will merely rub die 
internal surface, and no otherwise affect die vibration of 
the balance than by retarding its motion by the friction of 
the cylinder against the point of the tooth. But when 
the return of the vibration clears the edge a of the cy- 
linder of the point of the wedge, the wheel will ad- 
vance, and the slope surface of the wedge A, acting 
against the edge a of the cylinder, will assist and impel 
the vibration of the balance. When the edge a of the 
cylinder arrives at the outer point of the wedge A, its 
posterior edge b must arrive at the position denoted by 
the dotted lines of continuation, immediately after 
"which, the wedge or tooth B will arrive at the dotted 
position, and rest on the outer surface of the cylinder, 
where it will produce no other effect than that of re- 
tardation from friction, as was remarked with regard to 
the wedge A, until the returning course of the vibration 
shall bring the posterior edge b of the cylinder clear of 
the point of the wedge dotted in this last situation, the 
wedge will act on the wedge b of the cylinder, and 
assist the vibration as in the former case ; but, in a con- 
trary direction, until that edge shall arrive 6t the outer 
point of the wedge, immediately after which the leading 
point will fall on the inner surface of the cylinder io 


die first position, as was shewn in the wedge A : thus 
the cylinder, and the balance attached to it, receives an 
impulse on the edge 5, every time a tooth escapes or 
enters into the cylinder, to urge it in one direction, 
and every time a tooth escapes out of the cylinder a a 
impulse is given on the edge a, in a contrary direc- 
tion. 

Horizontal watches were greatly esteemed during the 
last thirty years, until lately when they gave place to 
those constructions which are known by the name of 
detached or free escapements. Iu the common escape- 
ment, Fig. 7, an increase of the maintaining power, 
as before mentioned, increases the recoil and acce- 
lerates the vibrations ; hut with the horizontal escape- 
ment there is no recoil, and any increase of the main- 
taining power, though it may enlarge the arc of vibra- 
tion, will not necessarily diminish or alter the time. 
It is accordingly found, that the experiment of altering 
the maintaining power by the application of the key, 
does not alter the rate in the same perceptible manne r 
as in common watches. 

The only objection which can be raised to the hori- 
zontal escapement, is the friction occasioned by the 
tooth of the wheel resting either within or without the 
cylinder. In what is called the detached escapemeot, 
this defect is remedied by introducing a detent or click 
to lock the teeth of the wheel; now in the interval, 
when the tooth in the horizontal wheel would be rest- 
ing against the cylinder, this detent rests or locks the 
tooth of the wheel, and keeps it in repose, without 
touching the cylinder, or pallet (as it is called in the 
detached escapement) ; the balance therefore vibrates 
with perfect freedom, but at a certain part of its 
movement (near the quiescent point), a pin in 
the verge unlocks the detent, and the balance re- 
ceives an impulse or stroke, by a tooth of the wheel 
dropping on a pallet through a part of eveiy second 
vibration; hut during a great part of its couise it 
is free and detached, whence the name of the escape- 
ment. 

A great variety of forms of escapement are in use 
in watches, but the detached escapement at present 
takes the lead among them, and it is certainly the best 
of any we have described. There is a class of escape- 
ments called remootoire, from the circumstance of 
their having a small spring near the balance, which is 
by the mechanism wound up at every vibration, and 
then the pallet of the balance presents itself and receives 
the force of this spring to give it the impulse for its 
vibration, and whilst this is performed the remootoire 
is wound up again for the next stroke ; by this means 
the remontoire spring becomes the measure of the 
force dealt out to the balance at each time, and the 
irregularities of the main spring have then no effect 
upon the balance, because if stronger, it only winds up 
| or charges the remontoire more swiftly, hut cannot 
give it more power to exert on the balance, nor less 
if the maintaining power is diminished, because in this 
case the remontoire is charged more slowly, but still 
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to 'the same extent offeree. The complexity of these [perpetual ratchet, wouTd produce no other effect than 
escapements is a bar to their general use. to attach them together and make them like one wheel, 

Our third' condition for an accurate watch, viz. that if the horse-shoe piece was not elastic, in which case 
it ahfcH continue its motion whilst winding up, is car- the large ratchet would be superfluous, and the effect 
ried into offset by the goiug fusee ; this is one among produced would be that of an ordinary simple fusee 
those inventions which have proved the most useful in and ratchet ; but the piece in Fig . 32, is of a spring 
practice. By very simple mechanism, the main spring temper, and its elasticity small enough to be acted 
while foe watch is going* acts on an intermediate short upon by the main spring, so as to make two pins s 
spaing, which Mr. Harrison (the inventor) calls the and /, at the ends, approach each other ; and in this 
secondary spring ; it is constantly kept bent to a certain situation it is that the secondary spring is said to be 
tension by the former, for the fusee has no communi- wound up, in which it continues whenever the watch 
cation with the great wheel except by this spring ; is going. 

when the watch is winding up, and the principal , In this state k is evident that whatever power the 
spring, fusee, chain, foe., ceases to act, the secondary fusee exerts upon the great wheel must be through the 
spring, being placed on a ratchet wheel which is bin- medium of the secondary spring, which therefore be- 
desed from retrograding by a click, continues the motion comes wound up or charged with as much force as is 
of the great wheel without alteration. Other con- required to turn the watch. Now suppose the power 
trivances have been proposed and executed, to make of the fusee removed, or its action to cease, and at 
tape-pieces go while winding up, but none which like the same time the ends of the spring which the fusee 
this combines the advantage of simplicity, and the pro- operated upon by the medium of the perpetual ratchet, 
perty of providing a supplementary power, which is to be supported by any fixed object, the effort of the 
equal to that of die main spring when its action ceases, spring to extend or discharge itself will act between 
And it is to be observed, that the utility of the going this fixed object and the pin f which connects it with 
ftnee, which has induced manufacturers to introduce it the great wheel, to turn the wheel round for a time, in 
auto all good watches, even of the common kind, is the same manner as before. Now on applying the 
peculiarly important in those time-pieces which have key R to wind up the watch, the clicks b of the small 
not foe power of setting themselves in motion, as is ratchet 0 , which turns wkh the fusee, slip over the 
the case with foe best modern escapements, because sloping sides of its teeth, and relieves the great ratchet 
the balance is foe greater time completely detached. L from the power which caused its motion, and it 
Figs. 31, 33 ami 33, are representations of a going endeavours at first to accompany foe fusee by the ex- 
ftsee taken to pieoes ; in Fig. 33 it is supposed to be ertion of foe secondary spring to unbend itself, but a 
seen from below, and shews foe under sides of foe tooth of this ratchet meeting the stationary click, pre- 
parts, while 3 1 shews foe other faces; a , Fig. 33, the vents its retrograde motion farther than the interval 
email ratchet, like the common fusee, fixed upon the between two teeth. In consequence of this opposition 
arbor of the fusee F, and sunk into an excavation in to the great ratchet’s temporary motion, by foe action 
tiie large end of foe fusee, its plane is therefore the of its click, the pin f 9 at the other end of the secon- 
eame with the end of the fiisee ; the clicks and springs, dary spring, pulls at its hole in foe great ratchet wheel 
b by Fig. 31, for this ratchet, are fixed on foe plane G, and draws it away from s, which is stationary ; or 
of foe lavge or perpetual ratchet, L, which has a in other words, draws the great wheel round in a con- 
statiooary click applied to its teeth to prevent it ever trary direction, and with a force, equal for the time to 
returning in a direction contrary to the direction of the that of the original maintaining power by which foe 
motion of the great wheel; therefore when the fusee two pins were made to approacn each Other. The 
turns round by the draft of the chain, the clicks b b of reason of the pin f 9 in Fig. 31, being made to project 
the small ratchet, causes the perpetual ratchet L to both ways across the end of the secondary spring, is, 
turn round with k ; but when foe fusee turns in the that the remote end beyond may move in a little cir- 
opposite direction for winding it up, the perpetual cuiar aperture made through the plane of the great 
ratchet remains stationary by its click, which is situated wheel behind, Fig. 23, which aperture allows the two 
on an arbor pivoted between the plates of foe watch; ends of the spring to approach and recede steadily, 
G, in both figures, is the great wheel, and Fig. 33 is and the length of the aperture is determined by foe 
a horse-shoe spring, bedded between foe perpetual quantity that pin is drawn by the main spring towards 
ratchet and foe great wheel, a circular groove being the pin before; there is an equipoise in their inten- 
ttsrned in the plate of the large wheel, as shewn in sities. 

JRjg. 31, at n y or it might be made in that of the large Repeating Clocks are such as by pulling a string, 
ratchet, or partially in both, to form a bed or box for See., are made to strike foe hour, quarters, &c., at any 
this secondary spring ; the pin f 9 at one end of the time. These clocks are foe invention of a Mr. Barlow, 
spring, is inserted into a corresponding hole in foe bed about the year 1676. This ingenious contrivance soon 
of the wheel, and the other pin, s , into a similar hole took air, and various artists set their heads to work, 
perforated through the perpetual ratchet at g ; this and several different methods were contrived to effect 
spring thus connected with both foe great wheel and such a performance,, and hence arose the various ways 
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of executing repeating work. Tut intention bed been 
practised in huger movements only, till James the Se- 
cond’s reign, at which time it was applied to watches, 
(commonly called pocket clocks,) and hence arose some 
contention respecting the right to the intention. Mr. 
Barlow, who no doubt was the inventor of the prin- 
ciple, engaged Mr. Tompion to execute the first re- 
peating watch, for which Mr. Barlow purposed to 
obtain a patent Mr. Quase, an ingenious artist, bad 
entertained some thoughts of executing such a piece, 
but had laid k by, until the talk of Mr. Barlow’s patent 
renewed his former thoughts, which he then brought 
to effect. This being known among the watch-makers, 
they pressed him to hinder Mr. Barlow’s patent; ac- 
cordingly applications were made at court, and a watch 
of each invention produced before the king and council. 
The king upon trial of each of them, was pleased to 
give the preference to Mr. Quase’s, of which notice 
was soon after given in the Gazette. The difference 
between these two inventions was, Mr. Barlow’s was 
made to repeat by pushing in two pieces, one on each 
side the box, one push gave the hour, and the other 
gave the quarter. Mr. Quase’s was made to repeat 
by a pin that stuck out near the pendant, which by 
thrusting in gave both the hour and the quarter, as is 
now done by the pendant. 

The mechanism of the repeating watch is extremely 
complicated, and would fur exceed our limits to ex- 
plain it. It contains all the mechanism of die com- 
mon watch, and arranged in the same manner, except 
that it is all crowded to one side, to make room for 
the striking movement ; this has a small spring box 
with a train of wheel work, which actuates the ham- 
mer that strikes the hours and quarters upon a bell, 
which is fastened on the inside of die watch case and 
encloses the work, but without touching any part of 
it* it is screwed into the case. The numerous detents 
which govern the number of strokes the hammers will 
make, are situated beneath th£ dial plate, along with 
the motion or dial work, shewn in Fig. 1 . Oft push- 
ing in the pendant of the watch, it drives before it a 
lever, which has a small chain attached to it, and 
this draws round a small wheel, about which it is 
wound, and thus winds up the striking spring, and 
at the same time sets off the detents, the spring now 
catues the hammers to strike the hour and the nearest 
quarter. 

Striking watches are such, as beside the proper 
watch part, for measuring time, have a clock part 
for striking the hours, &c. These are real clocks, 
only moved by a spring instead of a weight, and are 
properly called pocket clocks. The difference be- 
tween die striking watch and the repeater is, that the 
former has the spring barrel of the striking movement 
wound up at the same time with the main spring of 
the other part, and at every hour the dial work dis- 
charges the striking part, and causes it to strike the 
number of hours. The objection to these watches is, 
that the power necessary to move die hammers through 


the whole day, obliges the springs and striking trein 
to be so large that it crowds the going parts too dose, 
and renders die repairs, , as well as malting, of such 
watches most difficult and expensive. One great dis- 
tinction between a striking-watch and a repeating-watch 
is, that in the striker you wind up the main-epring of 
the striking-part once in twenty-four hours, and which 
supplies its power occasionally through that space of 
time ; but, in the repeater, you wind up the strikmg- 
spring by pushing in the pendant occasionally. 

In the early stages of the business, watches wore of 
simple construction, and very imperfect in their per- 
formance ; knd every artist was compelled, from neces- 
sity, to make almost the whole watch himself; but, in 
the present state of the art, it is divided into a great 
number of branches; and each, by devoting himself 
exclusively to that branch, becomes more expert and 
accurate than any one could hope to be who undertook 
to do the whole himself; and when the trade is subdi- 
vided, the expense of tools adapted to each operation 
becomes trifling, whereas few individuals could afford to 
purchase all the tools and eugines necessary to form the 
whole machine. 

The general use of watches among a commercial peo- 
ple has a great effect in introducing strict habits of 
punctuality, and economy of time; and when this k 
once understood, as it is in our own country, the manu- 
facture and repair of watches becomes an immense 
trade, employing many thousand individuals, w bo, by 
uniting ingenuity, industry, and experience, are able to 
make the parts of diem at so low a price as is truly 
astonishing. 

We must observe, that the mechanism of watches is 
made in the villages of Lancashire, where the most mi- 
nute operations are divided into a separate and distinct 
trade, each of which is provided with its proper took 
and engines for expediting the business, and making se- 
veral of the parts at once. 

A stranger will be much surprised at being told, that 
to make a single watch, by the same means as are at 
present in use, would r e q uire various tools and engines 
to the value of more than two thousand pounds; but as 
these are distributed among a great number of different 
trades, the expense to each is moderate, and the advan- 
tages derived from their use is very great, both in the 
economy and accuracy of the work. 

To enumerate the different trades would be a list as 
numerous as there are parts in the watch ; but, in a 
general way, they may be divided into the foUowng; 
though this division ie not to be considered by any 
means as invariable. 

1st. The spring-maker makes the springs to aU 
lengths, thicknesses, and breadths; curves them, and 
tempers them. 

2d. The chain-maker. This is a very curious art 
from the very minute parts of which it is composed ; 
he makes all kinds which can be required. 

3d. I he fusee-cutter employs very curious engines to 
form the spiral grooves on it, and as the expense of these 

requires 


* Digitized by ooQie 



WATCH AND CLOCK-MAKING. 


573 


requires him to be a nu of more capital than some 
others, he frequently keeps other engines for cutting the 
balance wheels and other wheels ; but this is sometimes 
a separate branch, as follows : — 

4th. The wheel-cutter employs engines to divide and 
cut all the cog wheels, but his workmen generally con- 
fine themselves to one kind of wheel. 

5th. The dial-plates are enamelled by a distinct 
trade. 

6th. The cate-maker makes all kinds of cases in 
gold, silver, or metal. These last are gilt by the wa- 
ter-gilder. 

7th. The watch-glass maker? 

8th. The hands, and many other small parts, also 
chasing and ornamentmg the cock and upper plate, are 
thejiprk of as many different hands. 

9m. The pinion* are made by the wire-drawer, of 
any size or number of teeth. 

10th. The movement-maker makes the plates; he 
collects the wheels, fusee, &c., from the different work- 
men, fixes the wheels upon their arbors, callipers, or 
sets out the watch, and puts the wheels in the frame, 
but in a rough way, and only as a preparation for 

1 1th The finisher, or, as be is generally termed, the 
maker. He polishes the teeth and steel parts, finishes 
and turns the pivots, and fits them to their holes; 
adjusts all the parts, together with the escapements, 
aud completes the whole business. It is this depart- 
ment of watchmaking that we particularly intend to 
explain. 

All the parts of a watch, made in the most accurate 
manner, may be purchased, ready prepared by the 
above trades, at many shops in the metropolis. The 
most extensive and established of these is Mr. Samuel 
Fern’s, Newgate Street. 

The principal tools necessary to a watch-maker, are, 
as follows : — 

A mall benchrvice to hold the tools, so called from 
its being screwed or fixed to the bench. 

A ptn-vice to file up pins and bold various small 
works. 

Pliers , of various sizes and forms. 

Wire-nippers for cutting off wire pins. 

Drills, of various sizes. The smallest are made 
from needles or fine wire, and are held in a drill-stock, 
which has a screw nose that will hold any size. Also, 
drill-bows and breast-board to cut them. 

Files of all descriptions, as flat, square, round, cross- 
ing-files, &c. Sec. 

Gravers and turning-tools , of various kinds ; several 
pieces of Turkey stone ; oil-stone dust to polish steel; 
and brushes to clean watches with. 

Small hammers for riveting wheels upon the arbors, 
and various small drifts, punches, sets, &c , for the 
same purpose ; also, small stakes or anvils to place the 
work upon. These latter are held in the bendi-vice. 

Five-sided broaches, of various sizes, to open or en- 
large pivot holes to the proper dimensions, and round 
broaches to burnish the insides of the holes. 


A turn-bench, or, a watchmaker’* tarn, which is 
nearly the same, except in dimensions, is indispensable 
for forming the pivots and all parts which are circular, 
see Fig. 11 , of Plate Clocx-Wobk. The watch- 
maker must be provided also with a variety of arbors 
for fitting collets, wheels, &c«, to turn them on (see 
Fig.12) ferrules, which are small pulleys to fix upon 
pins, arbors, and various works, to turn them round by 
the bow with a catgut band. Screw ferrules are the 
same, but have clams to bite the work like a vice ; 
these must be exceedingly small to be used for turmsg 
the verge-pivots, its bow must be very slender, ami 
work with a horse-hair. See a full explanation of aU 
these kiud of tools under Tujuung. 

A balance-tool, which is a small lathe with a man? 
dril and collar, for turning the rim of the balance cuv 
cular. See Fig. 8. 

A pair of callipers, with an index a&usfihle by a 
thumb screw, of use for trying if a wheel is placed at 
right angles to its arbors, or, what is called, in the fiat; 
and, also, if it is perfectly concentric, or in the round. 
See Fig. 16, Plate Watch-Wobk. 

Spnng-tongs to take up* the parts, for they sbeuld 
never be touched by the fingers. See JKfg, 11. 

Inside and outside gUHge for measuring work. See 
Fig. 15. Abo, 

A magnifyirng-glase, to view the works. Soma ar 
tists have a pedestal or stand to support it, while others 
apply it to their eye* 

Spring-tool, for coiling up the maiMpriqg to put it 
into ks barrel. See Fig P 19* 

Pendulum-spring blueing-tool. This is to hold the 
spring over a candle to temper h, and has a smell wheel 
held on the spring to prevent it from warping, or from 
getting away. See Fig. 12. 

The balance-wheel pitching-tool, Fig . 13. Of its 
use mere will be said. 

The piUJdng-tool, Fig. 18, is for ascertaining* the 
distances at which the pivot-holes of any wheel and pi* 
nion should be situated, to make their teeth engage pro* 
perly with each other (called, running the depths). 

An adjusting-tool, for fusees, with sliding weights to 
suit any given maintaining power of the main-spring of 
the watch. Fig 20. 

A fusee tool, for cutting the groove in the fusee, or 
for rectifying it after being cut by the maker. 

Screw-drivers, of various dimensions ; and a 

Poising+tool , to try the balance ; it is perfectly equi- 
poised. See Fig. 17* 

The movement of a watch complete may be procured 
at Mr. Fern’s, or many other shops, for the trifling sum 
of seven shillings. This is truly surprising when we re- 
flect what it consists of, viz., the plates and pillars, 
fitted together parallel to each other ; the spring-barrel, 
but without a spring ; the fusee, great wheel, mid aU 
the wbeeb complete. They are fixed fast on the ar- 
bors, but the pivots are not formed, neither is the 
groove of the fusee cut. The balance-wheel is not 
fitted upon its arbor, because the pivot must be turned 
7 G first. 
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first, neither is the balance, but both wheel and balance 
are provided, and also the veige, and they only require 
to have pivots formed. 

For a small increase of expense, the watch-maker 
may have the movement in a more perfect state ; viz. 
rite pivot holes determined, and then he has only to 
fit the pivots to them, and make the escapement; but 
as it will be interesting to explain the mjmncr of doing 
this, we will describe the method of fitting the wheels 
together, or what is called callipering the movement ; 
though it is to be observed, that it is far better to let 
the movement-maker do this, because having done one 
by the process we shall describe, he makes perhaps 
one hundred other movements of exactly the same 
dimensions, and then he has only to drill off the pivot 
holes of all the hundred, from the first one so ascer- 
tained, and the wheels being made to the same dimen- 
. 6ion8, will all fit together without further trouble. 

We will suppose our watch to be of the following 
numbers : • 

The flisee 74 spirals, great wheel 48 teeth, revolves 
once in four hours. 

The centre wheel, pinion 12 leaves, centre wheel 
54 teeth, revolves once per hour. 

The third wheel, pinion 6 leaves, wheel 48 teeth, 
revolves 9 times per hour. 

The contrate wheel, pinion 6 leaves, wheel 48 teeth, 
revolves -72 times per hour. 

The balance wheel, pinion 6 leaves, wheel 15 teeth, 
revolves 576 times per hour. 

The balance has two pallets, and will make 17,280 
beats per hour. 

Watches are made of many different numbers in the 
train, but a general rule to obtain their ultimate pro- 
ducts, viz. the number of beats per hour, is as follows: 
Divide double the product of all the wheels, from the 
centre wheel to the balance wheel inclusively, by the 
product of all the* pinions with which they act, the 
quotient will be invariably the number of beats that the 
watch in question makes in an hqur ; and again, if we 
divide this quotient by 3,600, the number of seconds 
in an hour, the latter' quotient will be the number of 
beats in every second; which may be carried to any 
number of places in decimals. 

It must be remarked that in this rule no notice is 
taken of the wheels and pinions, which constitute the 
dial work, nor yet of the great wheel and central pinion 
with which it acts ; the use of the former of these is only 
to make the hour and minute hands revolve in their re- 
spective times, and must not be the same in all watches, 
to make the motion of the hour-hand to that of the 
minute hand as 1 to 12, and the use of the great wheel 
and its central pinion is to determine in conjunctiou 
with the number of spirals on the fusee, the number of 
hours the watch shall continue to go at one winding-up 
of the chain from the barrel of the main spring; all 
these wheels and pinions therefore, it will be per- 
' ceived, are unnecessary to be taken into the account 
in calculating the beats per hour. The reason why 
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double the product of the wheels specified is taken 
into the calculation, is this, that one tooth of the rfrown 
wheel, completely escapes the pallets at every two 
beats or vibrations of. the balance. An example will 
render the general rule perfectly intelligible. Let us 
take for example, the numbers of a common watch as 
above stated. 

Now omitting the great wheel and its pinion of 12, 
we have 54 x 48 x 48 * 15 x 2=S,7S2,480 for double 
the product of the specified wheels; and 6 x 6 x 6=216 
for the produce of the specified pinions, also 3 7 fff ao =; 
17,280, are the number of beats in an hour, and 
=48 the exact number of beats per second ; ac- 
cordingly Mr. Emerson says that this watch makes 
about 4J.s beats in a second, which it does very nearly. 
The number of spirals on the ftisee is 7 \ 9 theMore 
74 x 4 the number of hours it makes one turn/ SO is 
the number of hours that the watch will go at one wind- 
ing up : the dial work 44 x {£= 4 x 3 = 12 likewise shews 
that whilst the first cannon pinion of 12 goes twelve 
times round, the last wheel of 48 goes only once, 
whence the angular velocity of tWo hands carried 
by their hollow axles, are to each other as twelve 
to one. 

Many watches are called stop watches, from the 
circumstance of their having a small detent with a 
spring, which can at pleasure, by touching a stop 
at the outside of the case, be made to press against 
the run of the contrate wheel. These watches always 
have a hand on the dial to indicate seconds ; die con-' 
trate wheel, the arbor of which carries the seconds’ 
hand, must therefore revolve 60 times per hour, or 
once per minute ; the following numbers are proper 
for such a watch ; it will go 30 hours : 

Fusee 6 turns, great wheel 60 teeth, revolves Once 
in five hours. 

The centre wheel pinion 12 leaves, wheel 64 teeth,* 
revolves once per hour. 

The third wheel, pinion 8 leaves, wheel 60 teeth , 
revolves 8 times per hour. 

The contrate wheel, pinion 8 leaves, wheel 60 teeth, 
60 per hour,, or once per minute. 1 1 

The balance wheel, pinion 6 leaves, wheel 15 teeth, 
GOO per hour, or 10 per minute. 

The balance has two pallets, and will make 18,000 
beats per hour, or 5 per second. 

Having thus given the numbers and the rule for cal- 
culating the movements of any watch, * We must return 
to the method of callipering the movement. The 
watch-maker first measures the distance between the 
inside of the two plates of the watch, with h b idftle 
gauge, see Fig. 15, Plate Watch-Work, the two 
ends, a b and c d, of which are equally distant from 
the centre joint e, and therefore when the points a b 
of one end are opened to any extent for an iuside gaugr, 
and set by the screw g , the points c d of the other 
end are adapted to the same opening, to measure Out- 
side work or lengths, the spring h keeps them shut up 
as far as the screw g allows. 
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He now prepares to turn the pivots; for this purpose 
he fixes his screw ferrule, Pig. IS of Plate Clock- 
WoH'k, upon it, then passes the gut of the bow round 
the groove of the ferrule, and mounts the arbor in his turn, 
J*Yg: 1 1 , thrusting the centres *A B towards each other, till 
the arbor, which, enters holes in the ends of the centres, 
rims without shake, and there he fastens them by the 
thumb screws C D ; the turn is now held in the bench 
vice by the lower part E E of the frame, die rest 
F G H, is next adjusted, and all is then prepared for 
turning with the graver, which the watch-maker applies 
to the work by his right hand, holding it on the rest G,> 
while he turns the work round by the bow held in the 
left ,* when he has by diese means reduced the end of 
the arbor to a fine pivot, he polishes and grinds it fine 
by a f small quantity of oil-stone dust applied with oil 
on a piece of steel, which he holds against the pivot; i 
as it turns routod he uses the gauge, Fig . 15, to make 
his arbor of the right length bSrtweeu its shoulders; 
having reduced the pivot to size, he brings it to the 
length by pulling the point marked K into the turn, 
this is filed away with a notch, d> to expose the end 
of the pivot which fits into a hole made through the 
part beyond the notch ; a file can now be applied in 
the T notch to cut off 'the pivot to the proper length, 
and then to file it to an obtuse cone, which is the 
shape the ends of pivots are usually left. 

All the pivots being made in this manner, the wheels 
must be fitted on to those arbors which were not pre- 
viously done by the respective makers; these are the 
third wheel and balance wheel, because these are 
so near the ends of their arbors that the pivots 
cannot be turned after the wheels are put on; the 
arbors have a small brass collet fastened and brazed 
upton them, this collet is turned away to fit exactly the 
centre hole in the wheel, and a shoulder is left to fit 
the wheel up against, and when put on, it. is riveted; 
this is done by resting the collet upon die stake, Fig. 
14, which is a small piece of steel with a hole through 
it to admit the arbor, but affords a resting place to the 
collet ; this is held in the bench vice and the wheel put 
in it; 1 the set which is a punch with a hole drilled in 
it, is put over the end of die arbor which comes 
through the wheel, and a few gende blows with the 
hammer rivets it on all sides at once, by expanding the 
collet in the hole in the wheel. 

He now tries the wheel in his callipers, Fig. 16, 
Plate Watch-Work ; the ends of die points as, or 
beaks, have several small holes made in them to receive 
die pivots of any arbor; they will open to any extent, aad 
can be fastened by the clump c, or its screw d; the ar- 
bor being mounted between tliem is twirlecj round to try 
the wheel A if it is truly centred upon the arbor, and 
also if its plane is truly perpendicular thereto, or if it 
is true in the flat, as the workmen say ; it is ascertained 
by holding some fixed object against it. It is usual 
among watch-makers to hold a small straight ruler 
across the blades a a of the callipers, to prove if the 
> wheel runs true upon its arbpr ; but some callipers are 


provided with a small finger or index, made of two 
pieces, e f, jointed together, and one of them, e 9 
united to the callipers by a joint, by which means the 
point , of f can be brought to meet a wheel of any 
size. When it is applied as iu the figure, it proves 
whether the wheel is in the square, for if on holding, 
it up to the light the wheel appears to advance and, 
recede from the point of the finger, it shews an error 
which must be rectified by what is called setting ; to 
do this the workman observes that side of the rim of 
the wheel which comes nearest to the finger f in its 
revolution, he theft removes the wheel and {daces it in a 
tool called a mandril, Fig. 15, Plate Clock-Work, 
which is similar to a cup or inverted bell; it is held in the 
vice and its circular edge supports the rim of the wheel, 
leaving its centre hollow, and its arbor completely de- 
tached : he now with the pen or beak of the smallest 
riveting hammer, strikes an extremely light blow on that 
arm of the wheel which is opposite to the faulty side of 
the rim, this bends or sets the arm so as to put the 
wheel in the square with its axis ; it is after this tried 
in the callipers again, to prove that the setting is suffi- 
cient, and if not, it is repeated. In setting a wheel, 
the workman is particularly attentive to avoid twisting 
the rim of the wheel ; this he does by bedding it fairly 
on the edge of the mandril, and taking care not’ to 
strike its rim when he hammers on the arm, because 
it is only intended to bend the arm, leaving the rim a 
true plane as it was before the setting, but its incli- 
nation altered so as to make it, exactly, perpendicular 
to the arbor, of which the trial in the callipers is the 
most delicate test. 

AH the wheels being finished in this manner, are 
prepared for putting in the watch, by drilling the holes 
for their pivots in the plates ; to find the proper situa- 
tion for these boles, a pitching tool, Fig. 18, is used; 
it is in reality two small turns, A A, B B, united to 
getlier by a joint, C; each is provided with its pair of 
centres, a b and c d 9 and fixing^screws to hold them 
wherever they are placed; by means of a screw, E, 
which passes through the turn B, and operates agunst 
the other, A, the two can be separated on their joints 
C to any required extent ; but it b plain in this move* 
raent, that its centres, a b and c d, will always continue 
parallel to each other. A spring, F, tends always to 
shut the two together, as its two ends are connected 
to the turn B by two links, g g 9 and the middle of the 
spring, which b convex, presses against the turn A, 
and tends always to press them together, as far as the 
screw E will permit. . The use of thb tool b to ascer- 
tain the dbtance that any wheel and pinion should be 
placed asunder, for the teeth to work into each other 
in a proper manner ; to effect thb. the wheel b placed 
between one pair of centres, a b or c d, .and the pinion 
between the other pair and the, screw E b adjusted 
until they will work into each other with freedom, and 
without any material looseness or shake between the 
teeth ; in thb state, it b, evident that, the points a b or. 
c d y formed at the extremities of die respective centres, 

will 
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will eaaofly repress* the d kh n tf e that the pivot-brie 
of the wheel and pinion should be placed asunder, 
and these points may be used as a pan* of compasses, 
to mark off the distances on the plates of the watch ; 
and this being done for every wheel and pinion succes- 
sively throughout the watch, will ensure their being, 
pitched truly. 

The centre wheel is known to be placed in the 
centre of the watch plates; a hole is therefore first 
drilled in die centra of the pdlar plate,. D 1), Plate I, 
to receive the arbor of the centre wheel, not its pivot, 
because, the arbor of this wheel pomes through the 
plate to receive the cannon pinion, to carry the minute 
hand, as before described; the pivot hole, after drill- 
ing, is opened out and enlarged to the proper dimen- 
sious by a round broach ; this is a round piece of steel, 
like a wire, but rather tapering ; it is forced into the 
hole, and turned round at the same tame, by which 
it enlarges the hole without cutting out any metal, aad | 
therefore it burnishes and hardens the interior surface j 
of the hole, so thatit wiH wear much better than the 
soft brass would, if merely drilled. 

The great wheel and centre wheel are now put in I 
die pitching tool, and by it the distance proper for 
the great wheal to work in the centre wheel pinion 
is ascertained, and then one point* e, of the tool being 
set m the centre hole of the plate, an arch is described 
with the other* c, and m booms point of this arch the 
great wheal pivot must be pieced; this point being 
found (by trial), so that the wheel and fusee will be 
clear of the other works, is drilled; then the spring 
barrel is tried, not by the pitching tool, but by placing 
it in any situation wfcete it will be free from the other 
wheels* and here its pivot hole is drilled. The pitch- 
ing teed nest determines the distance of the third wheel 
from the centre wheel, and also the distance the con- 
trite wheel b to be from thi»w The callipering of 
the pillar plate is Wow finished, and when the corres- 
ponding pivot holes are drilled in the upper plate, the 
watch may be put together ; how it is essential for tbe 
wheels to run well, that the arbors must be exactly per- 
pendicular to the plane of the plates; to ensure this, 
the holes in tbe upper plate are drilled by means of the 
upright tool, Shdwn in Fig, fy Plate Clock-Work; 
this is a kind of' lathe, which is held in the bench 
vice, and ks spindle turned by n bow, in tbe same 
manner as the tteW, before described. In this figure, 
which b an elevation taken from one ride, A B repre- 
sents a steel spindle mounted in a brass frame, C D E, 
the pnt E of which is held in the bench vice; the 
spindle has a neck formed on it, which is accurately 
fitted ihito a socket formed in the part D of the frame ; 
the opposite end, A of the spindle, is supported by 
tbe point of a centre screw, F, which can always be 
screwed up, to make the spindle run without shake; 
the end of the spindle which projects through the 
collar, of socket D, is formed into a screw, by which, 
any kind of chuck can be screwed on; thus this tool 
is exactly the same as a small lathe. The chuck which 


is represented as fixed on in foe figure, is a flat brass 
plate, G, which has three grooves cut through it, 
extending nearly from the centre , to the circumference; 
these grooves are arranged at equal distances round tbe 
centre ; three thumb-screws, such as is shewn at a a, 
pass through each, of these grooves, and each is tapped 
into a piece of brass, b now by shifting these screws 
along in their grooves, the three pieces of bram, or 
clams, b b, may he removed to any distance from the 
centre, and the screws, a a, will confine them in any 
position ; each claui has a small piece of bram, d, 
which by means of the screw e, can be made to bite 
or clamp the edge of the watch plate, H ; the biting 
parts of all these clams being equally distent on the 
face of the chuck, the watch plate, H, will of course 
be parallel thereto, and therefore perpendicular to the 
length of the spindle, A B ; this, is hollow for some 
distance from the chuck, to receive a piece of steel 
wire, which is accurately fitted into it, as shewn by 
the dotted lines, K, and can be slid backward and 
forward by means of a small bolt at I, which comes 
through a cleft in the spindle; tbe extremity, r, of foil 
wire, which is called the centre-pin, ie formed to a 
very delicate centre point, which can be protruded any 
distance from the face of foe chuck, but always pre- 
serves its point accurately in the centre lino of the 
spindle, and therefore perpendicular to the chuck G. 

The manner of using the upright tool is this; the 
watch plates, H L, are pinned together, and the 
centre point, r, being advanced coosidevabhr beyond 
foe chuck, its point is applied to any of the pivot- 
holes made in the pillar plate H, by foe process be- 
fore described ; the three clams, h 6, are *I»«p set, so 
that they will touch the circumference of tbe plate, 
by* advancing them respectively towards the centre a 
proper distance, and fixing them by foe, acre** a a; 
the other screws, e e, bring now turned close to the 
jaws, d d, of the dams, and they hold foe edges of 
the plate H fast between them, as is shewn in the 
figure. By this means the watch frame* is fixed, so 
that its plane is perpendicular to the axis of the spindle 
A B, and the pivot hole, which is intended to have 
another drilled opposite to it, is exactly in the centre 
line of the spindle; the rest M, is now actio a pro- 
per position before foe watch plate, and a drill bring 
held over it, is presented to it, while the (date and 
spindle are turned round by means of a bow, foe band 
or cat-gut of which encompasses the pulley, N, 

on the spindle ; the drill (as is weH known to tuners) 
is easily guided to pierce the watch plate in foe exact 
centre line of the spindle, because if it is not pre- 
sented to this centre, its point will scratchy a small 
circle upon the plate, and when the drill is set in the 
centre of this, it will be in its correct poskiom Make 
a pivot bole in tbe upper plate, L, exactly opposite 
to that ia the pillar plate, M, which is guided to its 
place by the centre point, r, of foe spmdle; when 
one pivot hole i3 thus drilled, foe watch plate is very 
quickly shifted to another pivot hole, which is brought 

Opposite 
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opposite to the centre, in the same manner as we 
have before described. It is by means of the upright 
tool that the : cavities are made in the plates of the 
sunk watches, to receive the centre wheel and third 
wheel; these are turned by a graver at the same time 
of fixing as when the respective pivot holes are drilled, 
and the circular excavations will therefore be exactly 
concentric with the pivot holes; the excavation for 
the centre wheel is very shallow, few except the flattest 
watches having any at all; the cavity for the third 
wheel is cut quite through the plate, and the pivot is 
supported by a cross bar, fixed by two little screws 
on the under side of the plate, and extending across 
the centre of the hole. It should have been observed, 
that this cross bar is fitted before the movement is 
put in the upright tool, a hole is drilled through it in 
continuation of the pivot hole, this bar is removed, 
as is also the upper plate, and the movement is fixed 
in the tool by the edge of the pillar plate, instead of 
the upper plate ; the excavation for the third wheel is 
then turned out, but the cross bar, when fixed up again 
by its screws, will certainly be concentric with this 
cavity. The upright tool will hold the watch by either 
^pillar or upper plate, just as is required, and will pro- 
duce the same effects in either case, but it is best to 
hold that plate which is to be operated upon, because 
the pillars of the. frame are not then liable to strain. 
In this manner a hole is frequently turned to cut 
through the upper plate, to admit the top of the spring 
barrel Co pass through it, the upper pivot of the barrel 
arbor is then supported by a cross bar or piece, called 
the barrel cover ; this method admits a greater length 
of barrel, and of course a broader and stronger spring. 
The upright tool which we have described, is that 
which is generally used by watch-makers for finishing 
the works, and occasionally enlarging or deepening the 
excavations, or for boring out one of the pivot holes 
large enough to receive a jewel ; but the. professed 
movement-maker, who constantly employs an upright 
tool, has it fixed with a wheel to be turned by the 
foot, and generally has a slide rest fixed before the 
work, to hold the tool, instead of trusting to the un- 
steadiness of holding it in his hand upon the rest N. 
The upright tool is frequently attached to the watch- 
makers lathe, and this is perhaps the best method. 

The fusee, centre .wheel, third wheel, and contrate 
wheel being put in the watch in' this manner, the 
pottance is fitted by temporary pins to the upper 
plate, iu such a position that it will not interfere with 
the rest of the works, which being determined it is 
rivetted fast, the cock is theu screwed on with the 
steady pin, and by fixiog the upper plate alone in the 
upright tool, the hole to receive the jewel to form 
the socket for the upper pivot of the Verge is bored, 
'and will be truly perpendicular to the hole which has 
been previously drilled in the pottance for the jewel 
of the lower pivot; then without removing the plate 
from the upright tool, the cock is taken off, and a hole 
bored through the upper plats, to permit the axis of 


the verge to pass through (this hole is afterwards filed 
square, to suffer the balance wheel to reach the upper * 
pallet), at the same time the circular groove in the 
upper plate, which is to receive the ring of the curb, 
is formed. 

The balance wheel is next fitted ; one of its pivot 
holes being drilled in the centre of tbe small dove- 
tail slider of the pottance. Then to make the pivot 
hole in the counter pottance exactly the same distance 
beneath the upper plate, so that the balance wheel 
arbor shall be exactly perpendicular to the verge, the ba* 
lance wheel pitching tool, Fig. IS, Watch-Work, is 
employed. It consists of a brass plate, a b c, with an 
index, d e, moveable on a centre, d y by means of the 
i screw f 9 against the point of which it is constantly 
pressed by the spring g; it is in fact a pair of com- 
passes, adapted to this particular purpose; the straight 
edge b of the pbte a b c is applied flat against the 
under surface of the upper pbte, and the screw/ being 
turned, adjusts the point e till it comes exactly op- 
posite the pivot hole in the slider of the pottance. 
The tool being now applied in a similar manner to 
tbe counter pottance, marks the proper height for the 
pivot hole to be made therein; which is accordingly 
drilled with a large hole, to receive a pin called the 
follower, at the end of , this the pivot bole itself is 
| drilled ; the balance wheel is now tried in its place ; 

| its pivots having bean made in the same manner as the 
other wheels, and if on trial it is found to come on 
its right pbee, so that its arbor does not interfere with 
the contrate wheel arbor, the counter pottance, which 
was only fitted in a temporary manner, is rivetted fast. 
In this trial, it will be seen if tbe teeth of the contrate 
wheel works well with tbe balance wheel pinion, and 
if not, it must be rectified, by netting tne contrate 
wheel in the same manner first described, by the man- 
dril, Fig . 15, and a proper acting punch or drift; this 
bends the arms so as to throw the rim and teeth of 
i the wheel nearer or farther from the babnee wheel 
pinion, as b required to make it work properly; it b 
scarcely necessary to add, that the wheel ought to be 
tried in the xaliipers, that it runs square every time 
it has been set. 

Having thus described the means of putting in all 
tbe wheels, which b called fitting the movements, we 
must attend to the manner of fitting and adjusting the 
| spring barrel and mounting fusee. A spring must be 
procured from the tool shop, which is of such a 
I breadth as to fit the spring barrel, and a proper length 
and stiffness to have a sufficient power to actuate the 
watch ; the knowledge for the proper strength for the 
main spring of a watch of any dimensions, can only 
be obtained by experience and practice, which teaches 
the artbt that a watch of certain dimensions will re- 
quire a main spring, tbe length, breadth, and thick- 
ness of which he measures by accurate gauges. These 
he takes with him to the tool shop, and selects, from 
an immense number, a spring which suits them; as 
an additional proof, it b weighed. Those who are not 
7 H possessed 


Digitized by t^ooQle 



ttft 


WATCH AND CLOCK-MAKING. 


thb experience may find it accessary to 
*9 two or throe spring* befomoae is met with of the 
paper itnmgth> awl whkh will act with a, doe degree 
of regularity* 

It has been asserted, that a spring will act more 
w^tdarly, and be lest liable* to give voder friction 
among the coils* if the breadth be gradually diminished 
from the exterior to dm interior, and that the friction 
of M»e sideeof the spring against the ends of the barrel 
will thereby be greatly diminished. The spring aifror 
must be strong in propartaoa to the force of the spring, 
particularly at the pivots, the front owe of which mast 
be duck enough to admit of being squared, to hold a 
ratchet, or small serrated wheel,, at the outride of 
the* pillar plate* shewn at b> Fig. 1 , the teeth of 
which ratchet must be strong enough to hold the 
arbor in any situation, to which it is turned, which 
it does by means of a click, attached by a screw to the 
exterior surface of the pillar plate of the frame ; the 
spring arbor has a strong hook formed out of its sub- 
stance at the middle* within the barrel, on which ho oh a 
hole made near the interior end of the spring b bitched, 
while the exterior end b rivalled to the circular side 
of the box ; hence it b not difficult to conceive, that 
when the spring, fills the. box in its relaxed slate, and 
has its cods most dose, at the rim of the baml, k 
mqy be coiled up dose to the arbor in the centre* 
or in other worib* it may be wound up by two dif- 
ferent methods 4 either the barrel may be held fast* 
and. the arbor be turned backward by its ratchet, or 
by a key fittiag its square; or otherwise, which b the 
general and better psacrics, the ratchet may be suffered 
to retain the arbor in its place, and with it the interior 
end of thespring; and. tbs barrel itself, to which the 
exterior end.b rivalled* may be turned forwards fay the 
chain attached to it by a hook at one* end, and wound 
round it, aa seen. at Figs. 2 and 6 . We have said the 
latter method in tbs better, and the reason b, that 
when the greatest and smallest forces of the spring 
are adjusted to the shape of the fusee, or rather the 
fusee to them, the ratchet cannot be altered without 
deranging this adjustment. The arbor b turned in the 
turn bench, with pivots and shoulders sufficiently re- 
mote from each other, to reach the interior faces of the 
watch-plates, but to have just so much play endways 
as will prevent friction, and the chain must be long 
enough to fill the spiral, grooves of the fusee. Care 
also must be taken, that the depth or side of the barrel 
must be nearly equal to* the effective length of the 
fusee, otherwise! the chain will be liable to sbp off at 
die ends of it. 

The bottom of the barrel b soldered fast, and has 
a large pivot-hole against which an inner shonlder of 
the arbor rests, and the lid is turned so large, as to be 
capable of being forced or sprung into a receptacle 
turned for it round the inner part of the edge of the 
circular rim of the barrel, in which situation it rests 
against a corresponding inner shoulder of the arbor, 
and competes the barrel; when this adjustable end b 


to be taken off, for the purpose of examining or taking 
out the spring, a slight stroke at die remote pivot of 
the arbor will force it out of its piece : some skiH b 
necessary for putting the spring in the barrel, in the 
manner which is usually done by the country watch- 
makers ; but it is very easily performed by using the tool 
repre sen ted by Fig. 19; it consists of a brass frame, 
A D, whkh b heH in the bench vice by the projecting 
piece D ; C b a small steel spindle extending across 
the frame, provided* with a small handle, E, by which 
it b turned round, and it is prevented from t u r ning 
back again by a ratchet wheel which b hkk behind the 
plate F ; a is a small elkk, which engages the teeth 
of thb ratchet and prevents its retrograde motion ; the 
projecting parts of the frame, A D, immediately above 
the spindle, are cut with two clefts to receive a- parallel 
bar, G, which bas liberty of morion in these clefts 
either endways or up* and down* and it has a steel 
beak, g, projecting from- it. At the extreme end of 
the spindle, c, a small hook b formed, cor resp o nding 
with the hook upon die barrel arbor of the watch; 
upon thb hook the interior end of the spring is cangfat, 
and the book at the outer end of the spring is bitched 
upon the projecting beak, g, of the slider G. Now 
by turning the handle E, the spring can be wound up 
to any required compass, and the ratchet a prevents 
bs return ; the spring is thus wound up so small as to 
enter die box or barrel which b applied to H* and the 
dick a being relieved, suffers the spring to expand 
itself and fill the barrel; the hoek at the extreme end 
now enters the hole prepared at the side of the barrel 
for its reception, thb being done, the barrel arbor is 
put in its place* the cover of the barrel put on, and 
it b ready to take its place* in the watch. 

The fusee b next prepared; as we have before 
mentioned, the experienced watch-maker knows what 
proportion the two ends of thb fusee should bear to 
each other, to compensate for the irregular action of 
the main spring he has chosen; if he has not had 
these opportunities, the following method may he used 
to determine it A rough estimate for the power of 
the spring most be first made, by coiling the chain in 
a proper direction a few times round the barrel, tffl 
it is nearly all wound up, the arbor bring held in a 
ratchet or vice, and then by suspending a weight to 
the sphere end, such as will just pull the barrel two 
or three times round from its relaxed state, thb weight 
will denote the smallest power, whkh suppose to be 
three ounces ; then add a heavier weight, such as will 
uncoil as much more of the chain as may be supposed, 
from a previous measurement, to be sufficient to fill 
the fusee, and note it* which we will again suppose 
to be seven ounces, for die greatest power of Ac 
spring ; now this proportion of three to seven may be 
taken as a guide for the respective diameters of the 
conical piece of metal called die fusee, which is intro- 
duced to equalize the varying power of the spring, 
by causing the chain to act, as it were, with a succes- 
sion of levers* of different lengths reciprocally pro- 
portionate 
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per donate to the power of the. spring in any given 
situation; so that when the power is great, it is putting 
by a short lever, and vice versa. The piece of solid 
metal intended for the fusee, must be drilled through 
the centre, and opened with a broach, and then have 
a steel arbor of considerable strength driven tight into it, 
by which it is turned into a conical, or rather a para- 
boloidal shape, generally having its thicker end some- 
what smaller than the diameter of the spring barrel, 
and the other end reduced in proportion, according to 
the supposition of 3 ;-7, but sometimes in a greater 
ration without reckoning the thickness of the chain*; 
the leugfh of the fiisee must be shorter than the pillar, 
by as much as will admit the great wheel and ratchet, j 
with the centre wheel behind them, to be introduced 
between it and the plate at one end. Room is left 
for a contrivance for stopping the revolutions when the , 
spirals are filled with the chain, called the guard-gut, 
because the first watches had a cat-gut instead of a 
chain* The fusee is prepared in this manner by its i 
maker, who cute the spiral groove in it in some cases, ! 
by a very curious engine for the purpose ; but the 
watch-maker will generally have to rectify this groove, 
to suit the irregular action of the individual spring which 
be has adapted to the watch. 

After the groove is cut, a pair of strong pivots may j 
bo turned on the fusee arbor, the pivotrholes in the 
plates opened by a pivot broach, held perpendicularly | 
with respect to the faces of die plates, and the fusee 
introduced into the frame, parallel to the spring barrel | 
arbor; the extreme end of the groove at the large end 
of the fusee, is made much deeper for a very short 
distance, and a pin being fixed across the groove in 
this deep part, serves to attach the chain to the fusee 
by peering round it the hook formed at the extremity 
of the chain. The chain, perhaps, is the most sur- 
prising piece of workmanship * in the whole watch, 
considering the very mhmtc parts of which it is com- 
posed ; every inch in length of Some watch chains con- 
tains thirty links, one half of which number are formed 
of two plates opposite to each other, while the other 
half of the number are single links, to unite the double 
links together, by means of a pin or rivet put through 
the end of every link, and passing through all the 
three ; thus one inch iu length consists of fifteen double 
and fifteen siugle links, making forty-five plates, and 
thirty pins to unite diem together, in all seventy-five 
pieces ; yet a chain of four inches in length, polished 
and finished, is sold for less than one shilling; some 
of the fine chains for a repeating watch, have near 
double this number of links in an inch. If now a 
square be made, either on the front or back pivot of 
toe fusee which must project through the plate, ac- 
cordingly as the watch is intended to be wound up in 
the face or behind, and if a key be inserted upon it, 
the spring may be wound up, and it will appear whether 
or not the chain is too long, and how much, which 
may accordingly be altered. Hitherto the work lias 
proceeded on a supposition that die fusee has been 
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turned of a paraboloidal shape, and that the spring is 
perfect at the two extremities as well as at all the inter- 
mediate degrees of tension ; bat it yet remains to be 
proved, by mechanical adjustment, that these coin- 
cidences have been effected without material subsequent 
alterations in the length of the chain and shape of the 
fusee. 

These adjustments are made by means of the adjusft- 
ing-tool, Fig. 20, wbieh is made of a long steel wire 
AB, upon which two sliding weights D and £ are 
fitted, ami at one end is a clam ov rice C, which is 
screwed up by a nut F ; by means of this dam the tool 
is affixed to the square at the end of the fusee arbor 
where the key is applied to wind up the wateh ; this is 
done when the fusee is mounted in its place in the 
watch, which being held so that the fusee arbor is hori- 
zontal, and the lever of the adjusting-tool is turned 
round until it becomes horizontal also. The weigh* 
are now gradually moved along the wire A B, until, by 
trial, they are found to be an exact counterpoise to the 
spring, previously wound up by means of the ratchet, on 
the barrel arbor. Such balance being effected, the 
spring may be wound up by the adjusting-tool, used as a 
key, till the seventh spiral at the top> or small end of 
the fueee, be filled with chain; in which situation, if 
the weight of the tool still constitutes an exact counter- 
poise to the power of the spring, it is to be presumed^ 
that the spring is properly fixed with respect to its quan- 
tify of intensify by its ratchet ; but, if in the latter situ- 
ation of the tool it turns out to be more than a coun- 
terpoise, either the spring is of too low an intensify in 
the present situation of its ratchet, or the fusee is too 
small at the small end, or both maybe 9t> circumstanced* 
On the contrary, if the tool is not a counterpoise for 
the spring when wound op, either the spring is set too 
high by the ratchet, or the small end of the fusee is too 
thick ; a few successive trials of similar adjustment for 
opposite ends of the fusee, by an increase or decrease 
of the intensify, bring gradually given to the spring by 
the means of turning its ratchet, will generally deter- 
mine whether the failure in the adjustment is occasioned 
by the mounting of the spring, or the curve of the 
fusee, and the former may be rectified by the ratchet, 
or the latter altered by a detached tool to ran in the 
groove, as it revolves in the turning bench, if a fusee- 
engine is not at hand; though it must be confessed, that 
some experience in this business will greatly facilitate 
the determination of the proper means of final adjust- 
ment. We will now suppose the spring fixed, and the 
fusee adjusted by the tori, so as to render the maintain- 
ing power precisely the same at the bottom and top of 
the spiral groove ; the adjustments must next be made 
for all the intermediate turns of the helix, successive^, 
by means of the same adjusting tori, with die weight of 
the, adjusting tool unaltered, the spring arbor also re- 
suming at every trial, its original position which we will 
suppose to have been marked on the holding tooth of 
the ratchet. 

When the spring is good, and the fusee approaching 

to 
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to a conical shape, it will be found, on trial, that the 
maintaining power is too great for the tool of adjust- 
ment to "balance before it is wound up half way; in 
consequence of which increase in the maintaining power, 
the fusee must necessarily be again put into the fusee- 
engine, and have its groove deepened, so as to make a 
parabolic curve, instead of a straight line from the top 
to the bottom of the fusee. After this alteration, the 
frame of the watch must be remounted, the spring 
coiled ‘up- again to its determined position, and the 
weights of the adjusting-tool kept unaltered in its situ- 
ation on the wire. The intermediate grooves in the 
helix may not yet be found all correct in their effects 
throughout the whole length of the fusee, but the ad- 
justing tool will detect the particular places where the 
power predominates ; which places, when marked, may 
be again altered in the fusee-engine, and the parts re- 
placed in the frame ; when, after three, four, or per- 
haps more alterations of the fusee, and adjustments of 
theapring, at length the effect produced by the power 
of the spring is the same, whatever part of the fusee be 
actuated by the chain. The accuracy of this adjustment 
is of the utmost importance, and should be minutely 
attended to, otherwise the watch may be made to vary 
its rate of going on each successive hour of the day, by 
reason of the irregularity of the maintaining power, un- 
less, indeed, such a consequence be obviated by the na- 
ture of the escapement, or other contrivance, which 
ought not to be depended upon while there is a funda- 
mental remedy. The escapement of the common watch 
is such, that any increase in the maintaining power very 
materially affects the -going of the watch : hence it is 
evident, that whenever the original main-spring of a 
watch happens to be broken; or by any means altered, 
another spring, though of the same dimensions, ought 
not to be substituted, as is often injudiciously done, 
without a corresponding alteration in the fusee is found 
necessary by a trial of the adjusting tool. 

If the chain should be broken, and its length at all 
altered by the repairs, the mounting of the ratchet must 
be altered to suit it, because an alteration in the length 
of: the chain has just the same effect as letting down or 
taking up the ratchet of the spring. 

During this labour of adjusting the fusee to the 
spring, it wiH occur, that the chain might be wound up 
beyond the end of the fusee if it were turned more than 
seven titnes and a half round, on' which account a small 
piece of soft steel, equal in diameter to the small end 
of: the fusee, independently of the claw or projection 
piece, is usually* dri veu on the fusee arbor, and fastened 
to die end of the fusee at g, Fig. 2. 

We will now suppose our watch furnished with a 
maintaining power and a train of wheel-work, it only 
remains to provide it with an escapement, balance, pen- 
dulum-spring, and their appendages ; we have supposed 
our watch of the common construction, having the 
crown-wheel escapement, the operation of which we 
have minutely explained ; but, although this escapement 
is extremely simple, it is susceptible of many degrees 


of goodness, or imperfection, by the variation of the 
few particulars of its construction. We shall, there- 
fore, briefly describe that construction, which long ex- 
perience has sanctioned as approaching near to the best 
performance that can be obtained from die common 
escapement. 

Fig. 8, represents it in* what are esteemed its best 
proportions, as it appears when looking straight down 
on the end of the balance arbor or verge. L is the 
centre of the balance and verge. M N are the two 
pallets, M being the upper pallet, or the one next to 
the balance, and N being the lower one. - O P are two 
teeth of the crown-wheel, moving from left to right; 
and Q R are two teeth oil the lower part of the circum- 
ference, moving right and left. The tooth P is repre- 
sented as just escaped from the point of pallet M, and 
the lower tooth Q as just come in contact with the 
lower pallet N. The escapement, however, should not 
be quite so close, because a slight inequality on the 
teeth might prevent it from escaping at all ; for if Q 
touch the pallet N before. P has quitted M, all will 
stand still. This fault will be corrected by withdrawing 
the wheel a little from the verge by shortening the 
pallets. 

The proportions are as follow : — The distance from 
the points of the teeth, that is, of O P, Q R, aud the 
axis L of the balance is one-fifth of the distance be- 
tween the points of the teeth. The length L m f or 
L n , of the pallets is three-fifths of the same distance. 
The pallets make an angle wLnof ninety-five degrees, 
and the front Par, or leading edge of die teeth O PQ R 
make an angle of 25° with the axis LX of the crown- 
wheel. The form of the back of the teeth is of no im- 
portance, as they have no action on those parts, it is 
only necessary for them to be so curved at the back 
that the pallet M, in returning, will not interfere with 
the back of the tooth P, and this being ensured, as 
much substance as is practicable should be left for 
strength. 

From these proportions it appears, that the' pallet 
M may throw out by the action of the tooth P, and 
the momentum of the balance, till it reaches r, 120 
degrees from L X, the line of the crown-wheel axis ; 
for it can throw out till the pallet N will strike on the 
leading edge of the tooth Q, whereas it should only be 
acted upon by the point of the tooth. The leading 
face, as before Stated, is inclined 25° to C L, to this, 
therefore, add nLw» = 95°, and we have XLrr 120. 
In like manner, N will throw out to $ as far on the 
other side. From 240° the sum of these angles (viz. 
sLX and X L r) take the angles of the pallets fit L m) 
= 95°, and there remains 145°; fix the greatest vibra- 
tion which the balance can make without striking the 
front of the teeth. This extent of vibration supposes 
the teeth to terminate in points, and the acting surfaces 
of the pallets to be planes, directed to the veiy axis of 
the verge. But the points of the teeth must be rounded 
off a little for strength, and to diminish the friction on 
the face of the pallets. This diminishes Uie angle of 
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escapement very considerably, by shortening the teeth ; 
moreover, we must by no means allow the point of the 
pallet to bank or strike on the foreside of the teeth ; 
this Would greatly derauge die vibration by the violence 
and abruptness of the check which the wheel would 
give to the pallet. This circumstance makes it impro- 
per to continue the vibration much beyond the angle of 
escapement. One third of an angle, or 120°, is, there- 
foie, reckoned a very -proper vibration for an escapement 
made in these proportions. The impulse of the wheels, 
or the angle of escapement, may be increased by making 
the face of the pallets' a little concave, preserving the 
same angle at the centre. The vibration may also be 
increased by pushing the wheel nearer the verge ; this 
would also diminish the recoil. Indeed, this may be 
entirely removed by bringing the front of the wheel up 
to L, and not making die acting faces of the pallets 
N M a radius, but a parallel to the radius and behind 
it, i. e. by placing the pallet so that its acting face may 
be where its back is just now. In this case, the tooth 
will drop on it at the centre, and lie there at rest while 
the balance completes its vibration. But this would 
make the pitching (as the stroke on the teeth is called), 
alm os t unavoidable. In short, after varying every cir- 
cumstance in every possible manner, the best makers 
have settled on a escapement very nearly such as we 
have described. Precise roles can scarcely be given, 
because the law by which the force acting on the pallets 
varies in its intensity, deviates so widely from the ba- 
lance-spring, especially near the limits of the excur- 
sions. 

To prepare the escapement, the watch-maker first 
turns pivots to the verge, and fits them very delicately to 
the jewelled pivot-holm, previously made in the pottance 
and cock by the means before described; but it should 
be observed, that all good watches have jewelled pivot- 
holes for the verges. In these cases, holes of consider- 
able size are bored in the pottance and cock, by the up- 
right tool, and the jewel is fixed into a steel keep or 
ring, which is fitted into these holes, and held therein 
by two very small screws. The steel balance is now 
fitted and rivetted upon the small brass collet which is 
fixed on the verge, and turned to fit in the same manner 
as the rest of the wheels were ; it is then tried in the 
callipers, if it turns true, and, if not, it is set square 
by bending or setting its arms in the same manner as any 
other wheel ; if it should not be true .in the round, which, 
however, cannot happen if the turning has been truly 
done, it is rectified by the balance-tool, Fig. 8, Plate 
Clock-Work. This tool is a small turning spindle, 
such as we have before described of the upnght tool ; 
at the end of it a chuck A is fixed, and against it a 
small brass nog n is attached by two screws; in the 
centre of the face of the chuck a slight hollow is turn- 
ed, and the balance o being placed with its arms against 
the face of the chuck, the nng ft is screwed against it 
but very lightly, so that its position can be adjusted till 
the pivot ft of the verge is found to run perfectly true 
when the spindle A B is turned round ; the screws are 
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| then made fast, and hold the balance fast to the chuck, 

I that its rim may be turned true, and brought to its in- 
tended form by the graver held over the rest M. It is 
plain, that this process might have been performed in 
the turn, but from the extreme delicacy of the verge- 
pivots, which will scarcely bear turning themselves, 
hence is the necessity for the balance-tool. 

The chuck is made to unscrew from the end of the 
spindle, and various other small chucks are screwed on- 
for different purposes, as cleaning and burnishing screw- 
heads, turning ,tlie ring of the index for regulating the 
pendulutn-epring, 8cc. It is, in fact, a small lathe, 
which the watch-maker uses for turning any article 
which the turn will not command. 

Some watch-makers have small triangular bar lathes, 
which are very complete, and serve very conveniently 
for all purposes of upright tools, balance-tool, &c. — 
(See a description of such a lathe in our article Turn- 
ing.) 

Before the pendulum-spring is attached to the verge, 
the balance is tried in the balance-poising-tool, if it fa 
equally heavy on all sides; for if this fa not the case, it 
wiU greatly injure the performance of the watch when 
laying in different positions: the balance-poising-tool. 
Fig. 17,P/a/eWATCH-WoRK, is a square brass plated d f 
on which are erected two small standards a b ; the latter 
is firmly fixed to the plate, while the former slides in a 
groove by means of the screw c. To adapt the distance 
between the standard, to the length of the verge, which 
is laid upon them in the manner shewn by tne figure, 
its pivots rest on two small straight edges at the 
top of the standards, which being made sharp on the 
edge like a knife, and the pivots rolling on them, have 
scarcely any friction, and it will soon be ascertained whe- 
ther the balance has any preponderating side ; if so, it must 
be rectified by filing away a small quantity from the in- 
side of the rim. Tne pallets of the verge are now filed 
up to their proper length, according to the proportions 
we have given. In this the watch-maker is usually 
guided only by his eye, but we would advise watch- 
makers to work by a gauge, such as is shewn by Fig. 
14, which will measure to the -nnroth part of an 
inch, if requisite; this is the invention of Mr. Pen- 
nington, and a full explanation of its various uses will 
be found at the end of this article. It is sufficient here 
to say, that it would give the dimensions of the smallest 
parts of the escapement in decimals of an inch, there- 
fore, by measuring the distance between any two teeth 
of the balance-wheel, every part of the escapement 
may be made by the proportions we have given. 

The balance-wheel is prepared by filing up its teeth 
to sharp points. The teeth are cut by the wheel-cutters 
in an engine for the purpose, which forms the straight 
or leading edges to the teeth, and these must never af- 
terwards be touched by the file, because of the danger 
of reducing one more than another, and thus rendering 
the intervals between the teeth unequal ; the back of the 
teeth alone must be filed away to make them properly 
sharp. The manner of proceeding is this : — having ri- 
7 I vetted 
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vetted the wheel on it* arbor, tried it in the callipers, 
end set the beck of it to a true square, the watch-maker 
puts it in the turn, and while he turns it round with the 
bow, holds a piece of Turkey-stone over the rest, and 
applies it to the teeth of the wheel as they pass by ; this 
grinds them all to one exact length, but makes them 
blunt ; then he takes out the wheel, and, bolding it in 
bis finger and thumb, files away the heck of the teeth, 
successively, fill they come to sharp edges, so that 
looking at the end of the arbor, he cannot see the ends 
or edges of the teeth to look of any width, and by this 
he knows them to be sharp enough. But he is eery 
careful not to file them too much, as that would shorten 
the teeth, and then the certainty of having them all of 
one length would be lost, which is very essential to the 
performance of the watch, because every short tooth 
will give the balance a less impulse and will escape too 
soon, while every long tooth will give too great an im- 
pulse ; and these successive variations would completely 
destroy that regularity in the vibrations of the balance 
which is necessary to make a watch keep good tune. 

The balance-wheel is now put in its place, as is also 
the verge, and the cock screwed on; then taking the 
upper plate alone with these parts, viz., the balance- 
wheel and verge in their places, the watch-maker tries 
the escapement by turning round the balance-wheel, and 
he examines how it escapes, if it has too much drop, | 
that is, if one of tbe teeth quits its pallet before the 
Opposite tooth meets with its pallet, the wheel will, in 
this case, drop or suddenly advance forwards, until the 
Opposite tooth meets tbe pallet; this space or drop 
should be as small as possible, so as to be sure it will J 
escape; but if the trial shews it to be too great, it 
must be remedied by advancing the wheel nearer to the 
verge. This is done by filing away the face of the 
slides of the pottaace. If, on tbe other hand, the 
wheel is too near the verge, its teeth will be engaged by 
both pallete at once, in which case it will be locked, 
and have no motion at all ; the workman avoids this by 
making his slider too wide at first, and diminishing it 
very cautiously until the drop is diminished to the pro- 
per quantity. But if he should carry it too fer, the 
only remedy will be to make a new slider, or else set 
the balance-wheel back upon its arbor, by setting it in 
the manner we have before described of tbe contra te- 
wbeel, but this wiH be very troublesome, because of 
making the teeth true again. [ 

The wheel being scaped, the next adjustment is to j 
make tbe balance-wheel-axis point exactly to the verge. ! 
This is tried by listening to the sound of the escape, I 
and if it seems louder from one patiet than the other ; j 
or, if the glass shews that the wheel acts more upon ! 
one pallet than the other, the slider must he adjusted till 
they come to an equality ; and here it must be observed 
that if one pallet is longer than another, or, if the teeth 
of the balance-wheel are not all of a length, and true 
in the square, alio hs axis placed truly perpendicular to 
the verge ; any of those defects wiH prevent the escape- 
ment acting truly and equably on both pallets, and it 


will be extremely vexatious to discover the f au lt . AH 
these things must, therefore, be carefully made, nod 
tried by callipers, balance-wheel pitching-tool, fee., as 
before described. Then tbe slider being duly adjusted, 
all tbe week will come true, end the watch wiU acapt 
well. 

Tbe adjustment of the slider is very otsvsniehtly 
made in the French watches by means of a screw which 
comes to the outside of the welch, and, therefore, any 
be adjusted when the watch is going without taking the 
watch to pieces, and this is often a great convenience in 
repairing a watch. 

Having thus fitted tbe escapement, the prtifinlnn 
spring is prepared by attaching the interior end of its 
spiral to a small collet or ring which is fitted upon the 
lower ride of the same collet of the verge to which tbs 
balance is rivettecL This ring is fitted upon the collet 
with sufficient friction to make the attachment, but ad- 
mits of being twisted round the collet to adjust tbs 
spring required. 

Penduiua-springs of all possible sizes may be ob- 
tained at the tool-shops, and the watch-maker haa no* 
thing to do but to blue them by holding them over the 
Same of some smail-coaL lu the chosce of a pearie- 
htm-epriog, proper for has watch, the watch-maker man 
be guided by experience, both as to the number of tarns, 
size, and strength ; bat it will always be found beet to 
have them long, ami make a great many turns, bacamt 
the spring may bare more thickness and ami 

will be more elastic than a short spring, which aunt be 
extremely delicate, or it will be too powerful for the ba- 
lance, and make it vibrate too quickly. B et we e n these 
extremes the choice must bo made, either bf the eape- 
rieuce of tbe workman, or he most select one at na 
dom to make a trial of. He first fixaa the interior ami af it 
into the hole mads in the ooHet which fits oa the verge, 
then, potting this on, he fries it to its place to tea if 
tbe spiral comes free and proper ; aid, if n«, beheads 
it « be wishes by a smalt pair of pbera. Tho spring 
is bow taken out aad tempered, or blued, bf hokhug i t 
over lighted small-coal in a tool. 

'fw* IS, comist* of a circular plate B, to which 
■ amaed a small handle A, by which it is hold over 
thn candle; and to confine the spring down, on the 
plate a small wheel e is fitted on she end of a detent 
c de, which is connected with the handle by . jni or d, 
sad the wheel is always pressed towards the plate by a 
small spring/ acting wider the ted of the lever cd*. 
The operation of blahg the spring it siiaplj pfecitg it 
on tbe plate B, and s offering the wheel to mat npoa k 
by the spring, this holds the spring awl keeps it fist 
while it is heated, until the woriomaa perceives through 
the arms of the wheel that the spring is turned So sins 
bine colour ; k now is of what they cad a s pr in g 
p«r, and is bo elastic that, if bent, it wdi always set in 
to ths same pcfairioa, and it cannot in this state there- 
fore be set or bent so as to alter its figmre; whence is 
the necessity of trying k into its phuse before blna« 
not to det entile the effect k trill Jiaae on the watch, 

because 
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btomt this is altemd by the bluing w h ic h reader* the l*act-wt enl, this will b# also shewn by Asking the 
eleel mere elastic. It is only tried to it it and bead the watch. If the balance vibrates very swell arc*, with 
carves to the int e nded shape. That part where the re- apparent freedom, and relief from the pscapemetat, now 
gulator or curb operates upon it must he beet to aa ! suffer the balance to come to rest; this will, of course, 
swch of e circle struck from the oeatre on which the be its quiescent position, which must he marked by 
curb moves. The pendulum-spring is now fitted on, scratching on the upper plate opposite- one of the arms 
and put into its place, the end being panned into the J of the balance, or any outer mark upon it, than apply* 
stud on the plate, then the watch-maker puts the works i iqg the finger to the contrate wheel, and pressing it 
together, mounts up the mam-spsing, aad tries it by I round very slowly, at the same time feeling or retarding 
winding up the watch. He knows how many beat* his j the motion of the balance by holding something against 
watch should make in a second, by calculation, apd he it until owe of the pallet* is felt to escape. The place 
count* them for a few seconds by another watch or a ( where the arm or other mark on the balance now stands 
pendulum, and this adjustment is quite sufficient to de- j is to be marked on the plate; then continue to pram the 
t er m in e the length of the spring from the stud to the eontrate-wheel forwards till the other pallet escapes, 
verge, leaving it to be perfected by the adjustment of which place is likewise to be marked, end if these 
the curb. The workman now finds if bis pendulum- two marks are equidistant from the point of rest, the 
spring is the proper strength, end, if it is not, be must balance is properly in beqt ; if not, it is out of beet, 
put it aside, and fit another to it, observing if the end must be rectified accordingly. To do this, the bo* 
watch vibrates too slowly, and bas e grant recoil, the lanee is token out, and the collet of the pendulum* 
spring must be changed for a stronger or a shorter one, spring, which is fitted on the verge, is twisted round 
and vice sens ,- he can incr e as e the strength of it very upon its fitting, by holding the collet test in pliers while 
materially, if the wateh should vibrate too slowly, by the balance is tuned round by the finger and thumb in 
shortening the spring, that is, by drawing it farther such a direction that wh e n the hulnnvc is pul in again, 
t hrough dm stud, and pinning it in another place, so the quiescent point will fall in between the two aa lr a m m 
«e to hose a turn less of the spiral in action between the of the angle of escapement, aa marked on the pinto by 
abed and the verge ; on this account, the watch-maker the enperuneat. In — the trial, care must be 
should churn his spring long enough, as he can ao m> taken to move the aootratn wheel aa slowly by the dumb 
dtty shorten it to my r equ ire d strength ; bat if he should as to retard the motion ef the balance by holding eemm 
have it too short sod strong at first, he have ao re- thing igaimt it, an much aa to gme thp ha lance no iatr 
seedy hat to change k. By these mem* the wateh is pulse, that the mark may he the pra ms * pent wham lb* 
ro ug h ly put together and got into action, hot the final tooth escapes from the pallet. Without this caution, As 
adjustment to it remains to he made, aad this is the angle of vibration, i ns tead of die angle af esca p eme nt, 
most delicate pert of the whole business. would he marked, though both ought tu be e qu al l y 

In dm adjustment of the pendulu m spr in g, the fist distant from thy q ui e s cent pniqt when the uratch is truly 
sum! moat essential condition is, diet dm watch shall be in beet. 

in heat; Ms means, that die quiescent point to which Watch-makers, in gsneml, am not very en g ine am 
the pendulum-spring will tudim Ac heto n ce to met, meeting the angle of vi brad an it the c o mm on wateh. 
dhnlt be exactly i n te rm ediate bet wee n die two points of They seldom urn qny mea n s to in cre ase ar diminish 
es c ap e , or in oth er words, diet the two eq t rames of the this, though they oanceiee it to he a point of pe rfecti on 
angle of esca p e m e nt shell he equady distant from the if a watch crosses m tU, that is, if it fia srrAea a sibra, 
quiescent point ; to effect this, most watch-makers do- don pf full WO degrees, or one-thud of u pintle ; they 
pend -upon theik ear to ascertain if the bratiug of the try Ais by holding a pin on the u atcfe p fids , 4ai such e 
watch he equally loud on either pallet, end the dote position that one arm ef fie balance, when in vib r ating, 
tret ween the beats be equal; -but this criterion is not ao comas as close as possible to it without touching ; than, 
eer rot as might be wished, because an ineq ual ity sn the if another arm, at the opposite side of the jnhraban, 
B ent s may arise from other circumstances, vis., A* dif- comas to touch the same pm, or -com*# dose to it, tbs 
ferent lengths of the pallets, or lime the dovetails of ; watch is said to cram well, because Aw proves Ate it 
ifie pottance-uose net being duly adjusted, a* we have i vibrates very nearly one- third of a circle, the anq* df 
before enplaned: bat if the artist is convinced that eM the boteoce being that distance asunder, or it may hf 
these things have been accurately determined, he may tried by the banking-pins in Ac balance. The angle of 
depend upon hi* oar to inform him if the watch is in rib ration' wifi depend conjointly upon Ae qu a n t ity pf Ao 
beat. Trie best method of trial wiU be to hold back : angle of escapement, and Ae strength and elaalieity ef 
the contr a te H w htd , to that the roan f ining power bee fee pendulum-opring, compared with the m aintaining 
no action on (he h dance ; if it is a fop-watch this wifi power which, actuates the teeth ef the balance -whefil< 
be extremely easy, but if it is not, • stent bntde j the angle will, therefone, he regulated, either by by 
should be thrust between the or ms or teeth of Ac con- i p a st ing At maintaining power, or by diminishing Ac 
trate- wheel, which wilt effectually stop Ac motion of elasticity of Ae pendulum-spring, the former comfit 
the watch ; then examining with the glam if the pallets so easily be done : it is, Aesafore, custo mary to ckwgf 
are both completely detached from the teeA-ef Ae he- the penduhna-apring, if tha arch of vjhrfrie* should bn 

so 
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so different from 120° as to render it indispensable. 
But, as we have before observed, watch-makers are not 
very anxious respecting the angle of vibration, and 
many watches will keep time extremely well, though 
their angles of vibration differ very widely. 

The watch is now finished, and only wants a trial of 
a few days to bring it to true time by means of the re- 
gulating-curb, moving it one way or the other, accord- 
iiqj as the watch gains or loses, and it operates, as has 
been before described, by increasing or diminishing the 
acting length of the pendulum-spring, causing the ba- 
lance to vibrate quicker or slower. The regulator 
should have sufficient range to alter the rate of the 
watch as much as twenty minutes per day, that is, that 
the watch should gain that time in a day when the index 
is set at the end S of the scale, more than when it 
stands at the end marked F ; and if the maker gives it 
this allowance, the owner of the watch will have the 
means of regulating it to time, as the change of sea- 
son or the gradual accession of dirt in the works, and 
change in the oil, alters its daily rate. 

We shall conclude this article by a description of an 
instrument invented by Mr. Pennington for taking di- 
mensions of the parts of watches, which, in its appli- 
cations, would be extremely useful to the trade, by en- 
abling the watch-maker to send his orders and have die 
parts made in the most accurate manner exactly to the 
dimensions he requires. A view of it is given in Fig . 
14, of the Plate , where a a , represents a plate of brass, 
upon which is screwed a piece b 6, and likewise a steel 
spring c. The space between the piece b b, and spring 
c, is dovetailed, as is the slip dd, and the spring c 
causes it to slide with a gentle stiffness. Upon the 
piece b b is screwed the piece of steel g, and upon die 
slip dd another piece of steel f, the sides of which are 
close together, when the index points to zero, and 
the end of the sliding slip dd is made narrow, and the 
end of it is exacdy even with the plate a b . This end 
of the sliding slip is made narrow, as represented at d, 
for the convenience of going through a hole, &c. This 
slip b b is divided into inches, and each into fifty parts, 
and upon the pieces dd is a vernier, which shews the 
space between the two steel pieces fg, and likewise how 
far the end of the slip d d projects beyond the end of the 
plate a 6 , and thus the dimensions of any thing put be- 
tween those steel pieces will be determined; and in 
order to determine the inside dimensions, the ends of 
' die piece g and f are, when dose together, just 0,05 
inches, so that in gauging the inside of any thing 0,05 
inch must be added. The projection of the slip d d I 
will determine the depth of any thing, which will be 
found very useful. If this gauge was universally used it 
certainly would be of great benefit, and it is to be 
wished that, in time, a watch-maker would use this 
gauge as a carpenter does his rule. 

This gauge is well adapted for giving the proportional 
diameters of wheels and pinions, and for giving the pro- 
per distances of their centres. 

The method of giving the proportional diameters of 


wheels and pinions, is this : — Suppose a wheel of sixty- 
four teeth, and a pinion of eight leaves, and the dia- 
meter of the wheel to be 1.256 inches, what will be 
die diameter of the pinion, as the diameter of wheels 
and pinions are not in proportiou to the number of 
teeth ; Mr. Pennington has found, by long experience, 
that, by adding 2| to the number of teeth in the wheel, 
and to the number of leaves in the pinion, and using 
these numbers instead of die real number, will be 
found very near the truth. Now, to give the diameter 
of a pinion of eight leaves to a wheel of sixty-four 
teeth, as aforesaid, must be done by the Rule of Three, 
aud the statement will stand thus, 66.25 : 1.256 : : 9-5, 
that is, 64, with the addition of 2.25 is 66.25, and 8, 
with the addition of 1.5, is 9.5.—' To give the proper 
distance of their centres having the number of teeth, 
and diameter of the wheel, and the number of leaves 
in the pinion, add the number of the wheel and pinion 
together, 64 and 8, will be 72 ; take the half of this, 
and say, as 66.25 : 1.256 inches : : 36. 

By this means, in drawing callipers of movements for 
watches, the diameters, as well as the number of teeth 
in the wheels and piuion may be marked upon the cal- 
liper’s plate, which would supercede the use of a gauge 
for each wheel ; thus far this method has the advantage 
of the sector, which only determines the proportional 
diameters. 

Of the invention of Pendulum-Clocks . — In tracing 
back the history of clock and watch-work, it soon be- 
comes obscure, as the instruments spoken of in ancient 
history, as having been applied to the purpose of mea- 
suring time, were of a very different nature from those 
we now call clocks and watches* " It is probable," 
says Dr. Derham, “ that in all ages some instruments 
or other have been used for this purpose. But the ear- 
liest we read of is die ' dial of Ahaz, concerning which 
little of certainty can be said. The Hebrew word pro- 
perly signifying degrees, steps, or stairs, by which we 
ascend to any place. Among the Greeks and Romans 
there were two ways chiefly used to measure their 
hours. One was by clepsydra, or hour-glasses; the 
other, by the solaria, or sun-dials. The clepsydra ap- . 
pears to have been a vessel filled with water, with a 
small hole in the bottom of it, which was set in the 
courts of judicature, by which the lawyers pleaded. 
This was, says Phavoninus, to prevent babbling, that 
such as speak ought to be brief m their speeches. As 
to the invention of these water-watches, which were, 
no doubt, of more common use than only in the Jaw 
courts ; the invention of them is attributed to P. Cor- 
nelius Nasica, the censor. 

“ Scipio Nasica, Pliny calls him, and saith, Scipio 
Nasica was the first, that, by water measured the hours 
of the night as well as the day. This was about one 
hundred and fifty yean before Christ. The other way 
of measuring the houn, viz., with sun-dials, seems from 
Pliny and Censorious, to have been an earlier invention 
than the last. Pliny says, that Anaximander invented 
dialing, and was the first that shewed a sun-dial at 

Lacedaemon; 
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Lacedaemon ; he flourished about the time of the pro- 
phet Daniel. But these are not very much to our 
purpose, being-no t pieces of clock-work. In the next 
place the Doctor takes notice of a few horologicai 
machines of which he met with an account, these, 
whether pieces of watch-work or not, the reader may 
judge for himself. The first is that of Dionysius, 
which Plutarch commends as a very magnificent and 
illustrious piece. But this might be only a well deli- 
neated sun-dial. Another piece is that of Sapor, king 
of Persia ; Cardan saith, u it was made of glass ; that 
the king would sit in the middle of it, and see its stars 
rise and set.” But we do not find whether this sphere 
was moved by clock-work, or whether it had any re- 

S tlar motion. The last machine we shall mention in 
is account, is one described by Vetruvius, which 
seems to have been a piece of watch-work, moved by 
an equal influx of water. In the French edition of 
Vetruvius may be seen a cut of it. This machine 
performed various feats, such as sounding trumpets, 
throwing stones, &c. ; but what comes most to our 
purpose, was the use made of it to shew the hours 
(which were unequal in that age) through every month 
of the year. Inc inventor of this curious machine 
was one Ctesibius, a barber's son of Alexandria; which 
Ctesibius flourished under Ptolomy Euergetes, and might 
be contemporary with Archimedes.” Having given a 
concise account of the ancient methods of measuring 
time, we shall now come to some particulars which 
more nearly relate to the present business. Clock and 
watch-work is thought to be an invention of much 
later date than the forementioned pieces, and to have 
had its beginning in Germany, within these three hun- 
dred years. It is probable that the balance clocks and 
watches might have their beginning there, or that watch 
’and clock-work (having been long buried in oblivion), 
might be revived there; but that watch and clock- 
work was not the invention of that age, we can prove 
by two instances to the contrary, of much earlier date. 
The first example is the sphere of Archimedes, who 
lived about two hundred years before Christ. We have 
accounts of this from Cicero, and an accurate descrip- 
tion is given of it by Claudian; from whence it ap- 
pears, that in this sphere the sun and moon, and other 
heavenly bodies had their proper motions, and that 
these motions were effected by some enclosed spirit. 
What this enclosed spirit was, we cannot tell, but sup- 
pose it to be weights or springs with wheels or pulleys, 
or some such means of clock-work, which being hidden 
from vulgar eyes, might be taken (at least in a poetical 
way), for some angel, spirit, or divine power. 

Dr. Derham mentions an instance of ancient clock- 
work from Cicero, who gives the account, that Posi- 
donius had contrived a sphere, whose motions were 
the same as those of the sun, moon and five planets 
in the heavens. That it was a piece of clock-work 
canuot be' doubted, if it be considered that it kept 
time with those celestial bodies, imitating both their 
annual and diurnal motions ; which we may conceive, 


from the description, it did. It may rather be supposed 
that these machines could not be iir commdn use, but tract 
considered as rarities at that time.-— Though on the 6thdr 
hand, in two such ages as those in which Archimedes and 
Tully lived, the liberal arts were greatly encouraged; 

After these times, barbarism came on, and the arts 
and sciences became neglected, so that little worthy 
remark is to be found' till towards the sixteenth cen- 
tury, and then clock-work was revived in Germany; 
and because the ancient pieces are German work, it 
has been supposed by many to have been invented 
wew in that country. But who was die inventor, or 
in what thne does not appear. Dr. Derham speaks of 
a stately dock which stood hi his time in his Majesty’s 
palace, at Hampton-court, whose inscription mewed 
it to have been made in the time of Henry VIII. 
in the year 1540. This clock shewed the time of 
the day, and die motion of the sun and moon 
through all the degrees of the zodiac, together with 
the matters depending thereon, as the day of die month, 
the sun and moon's place in the zodiac, moon's south- 
ing, &c. He also speaks of the arrangement of the 
work as being very complete for the tune in which it 
was made. Another piece he speaks of also, which 
he had seen in the early part of bis time, which was 
a watch belonging to the same king Henry VIII. which 
went a week. But these pieces must have been sub- 
ject to great irregularities, as dme-keeepers, and die 
same remait may be applied to aU the clocks and 
watches which had been constructed before the appli- 
cation of the pendulum to the one, and the balarice- 
spring to the other. So that before these applications 
had been made, philosophers had adopted the use of 
the pendulum,* exclusively, as a correct method of 
measuring time. Ths famous Tycho Brahe is sup- 
posed to have made use of them ; but Strum rap saith, 
that RtcctoK first made use of pendulums to measure 
time, and that Langrene, Weodelino, Mersenue, Kir- 
cher and many others followed the practice, although 
they Were ignorant that he bad recourse to it before diem. 

Although several different persons have laid claim to 
the excellent invention of applying the pendulum as 
the governing principle to clocks, yet Mr. Christian 
Huygens affirms that he first applied it to cloCk-work, 
and gives very cogent reasons for it ; and that he put 
it first in practice in the year 1657, and in the follow- 
ing year published a delineation and description of it. 
Galilseo laid claim to the invention, but it is certain 
that he never brought it to any perfection, and the in- 
vention never flourished ‘till Huygens sent it abroad. 
After M. Huygens had contrived these pendulum 
clocks, and had caused several to be made in Holland, 
a Dutch clock-maker, called Fromantil, came oyer into 
England, and made the first that ever was made here, 

• It may net be amiss to remark here, that a bullet fixed to the 
end of a string, when applied to such purposes, is caUed a pen- 
dulum, and as the times of their vibrations are known to be as 
the squares of their lengths, of course various periods may be 
marked out by them. 
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about the year 1662. One of the first .pieces that 
was made in England was given to Gresham College 
by die late eminent Seth, lord bishop of Salisbury, 
which was formed exactly according to M. Huygens’s 
method, with a crown-wheel and the pendulum playing 
between cycloidal checks. This method was practised 
for many years, till the application of the long pen- 
dulum, and at the same time the mode of escapement 
was altered. The late Dr. Hook claims the credit of 
this last improvement, the addition of the long pen- 
dulum. Sir Christopher Wren first proposed the pen- 
dulum as a perpetual and universal measure, or stan- 
dard, to which all length may. be reduced, and by which 
they may be judged of iu all ages and in all countries, i 
Pendulum Clock . — In order to give the reader a * 
tolerably correct notion of the machine which is the 
object of his present inquiry, it may be necessary to 
explain to him, that the chief and most essential part of 
the whole composition is the pendulum. To a cursory 
observer the pendulum may appear (in more than the 
literal sense of the word) to be an' appendage to a 
complicated machine, whereas the fact is, mat the 
whole complicated machine is really no more than an 
appendage to the pendulum, and that every part of 
the machine is constructed with a view to its subser- 
viency to this instrument* It is the pendulum which 
is the efficient measurer of time, and the wheels may 
be considered as the recorders only, of those divisions of 
time which the pendulujn marks out ; and the wheels, 
instead of contributing to the regularity of its vibra- 
tions, are vyell known to disturb it. The prime office 
of. the wheels is (by repeated impulses given at certain 
little periods), to prevent the pendulum getting to a 
state of rest. But as this effect may be produced by 
one wheel only, all the others are added to supply the 
maintaining power (from the weight or spring) to a 
longer period, bo that the machine may not require a 
frequent attention to re-wind it. However, the train 
is so constructed, as to accord to certain relative pe- 
riods, as seconds, minutes, hours, days, weeks, months, 
&c. But all these, however multiplied, must still re- 
main under die same control. , , 

Clock-making.— Since clocks have become so com- 
mon as to be considered as articles of household furni- 
ture, the art of making them has not been confined as at 
first, to one department of mechanics, but has gradually 
been divided into various branches, so distinct from one 
another, that the maker of one part is frequently un- 
acquainted with the operations of the other. Since 
the time that clocks became an .article of our manu- 
factories. requiring various tools and engines for faci- 
litating their construction, the subdivision of the art 
into various departments was a natural consequence, 
Which has been found to contribute to expedition, and 
consequently to cheapness. A finisher of a clock has 
now no need to cast or cut his wheels hitpself, much 
less to make his springs, &c. ; however, that man is 
called a clock-maker, who finally adjusts and puts to- 
gether the different parts of a clock when made. 


The art of clock-making -is so nearly allied to that 
of watch-making, that after the full description we 
have given of the tools and operations of the latter 
art, it will be unnecessary to enlarge upon clock- 
making. The tools are in general pretty much the 
same, except that they differ in size. The first opera- 
tion in making a clock, (as well as a watch), is the 
callipering, or setting out the positions of the pivot- 
holes for the several wheels ; this is done by drawiag 
it out on paste-board, and transferring the points or 
centres so ascertained to the plates of the dock, by 
pricking them through ; this sets them out in a rough 
way, and then one of the piVot-holes being drilled, 
the places for the others are accurately determined by 
the pitching tool, as described in watch-work. The 
great size and weight of a pair of clock plates, with 
their connecting pillars, render the use of the upright 
tool inadmissible ; but to be certain that die arbors of 
the wheels shall be truly perpendicular to the plane 
of the clock plates, the two plates are pinned together 
at each end before the holes are drilled, and then 
both plates are pierced at once by the drill, as well 
for the pivot-holes as for the four pillars, which being 
turned in the turn bench with truly flat shoulders, 
ensures the perpendicularity of the work when they 
qome to be inserted in their places, so that the arbors 
will cross the frame at right angles to the surfaces of 
the plates, which is an essential condition in putting 
together the wheel work, and requires the workman 
to drill in as perpendicular a -direction as possible , 
otherwise the plane of the wheels would not be pa- 
rallel to the surfaces of the plates, and consequently 
the communication of motion would be given in an 
oblique direction, which would produce injurious fric- 
tion and unequal wear among the teeth of the watch. 

The preparation of the wheels and pinions, of clocks 
is exactly the same, as for watches, the pinions beii^ 
made out of steel pinion wire, drawn with the right 
number of leaves, which are left standing at the part 
where the pinion is intended to be, and the rest of the 
wire is filed and turned cylindrical, the wheels are 
then fitted on and tried, as described in watch-making. 
As the pallet or swing wheel makes many more revo- 
lutions than any other wheel in the clock, it is neces- 
sary that the metal of which it is made should not 
be very destructible ; it will therefore be best to use 
a tempered steel wheel, or one of brass well hammered, 
which ought to be also divided and cut with extraor- 
dinary care, because any irregularity in the shape of 
the tooth, or distance between the teeth, would in- 
jure the escapement, and produce, besides, such irre- 
gularity in the motion of the seconds’ hand of the 
clock, which is placed on this wheel’s arbor, as would 
offend the eye. There is no part of the clock which 
requires greater nicety than the escapement, or part 
which limits the quantity and duration of the impulse 
given to the pendulum by the maintaining power, and 
which keeps up the due quantity of motion of the 
whole machine, that would otherwise be gradually 

diminished 
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diminished till it lame to a state of rest To con- 
struct the escapement the dock-maker must set out 
or draw the exact form of the wheel and pallets, so 
that they may act properly, ou a smooth sheet of 
brass, as a plate of trial for the escape, (see Fig. 10, 
Plate Clock-Work), which will admit of pivot- 
holes being drilled exactly as in the plates of the 
frame, for the centres of the pallet and pallet wheel 
arbors. A piece of good steel must then be forged 
nearly into the shape of the anchor compared with 
the plan on the frame or brass plate, but somewhat 
larger ; after the arbor-hole is drilled io the anchor and 
enlarged to the proposed aperture, the requisite cirdes 
may be described, with extents borrowed from the 
brass calliper, by means of a pair of bullet compasses, | 
and the slopes may be copied or retracted for the faces » 
of the pallets, the excluded metal may be then filed 
away very nearly, mad all the surfaces be smoothed, first 
with fine files, and then with oil-stone-dust and oil. # 
Hitherto we have considered the back pivot-hole of 
the pallets’ arbor as being iu the plate of the frame, 
but it becomes necessary to cut away that portion 


* The method qf constructing Mr. Grukam's deed escapement, at 
executed by Mr. John Skelton, (Plate Clock-Work, Fig. 10.) 

Draw a circle of the exact sue of year swing-wheel, and let 
fall a perpendicular on the point A, or centre of the circle, as B A, 
then if your wheel be of 30 teeth, and yonr escapement of 9} 
teeth, set off from the vertical point C, 57 deg. on either side, as 
at D and E, doable of which is 114 deg. and Is the exact portion 
of the circle taken ap by 9} teeth. From the centre of the circle 
A, draw radii through the points of 57 deg. ms A F, AO, and on 
the points where they cut the circle at D E, erect perpendiculars 
meeting hi the verticle line at B, which gives the centre of mo- 
tion of the anchor, (see the figure). Having thus obtained yonr . 
centre of motion, describe, from that point, the arc H I passing 
through the points of 57 deg. which will give the circular face 
of each pallet on which the tooth rests in the dead part of the 
escapement. In the last place, the inclined planes of the pallets 
most make an angle with the radii A F, A O, of about 45 deg. in- 
tersecting them at the obtuse angle of the pallets. The angle 
is marked (in the figure) on both sides the intersection, in order 
to shew that it may be taken on either side ; or the angle may 
otherwise be obtained, by measuring off from these obtuse angles j 
of the pallets, chords of abont 83 deg. on the original circle, as < 
at a 6 and c d, (in the figure). ' I 

In escaping these pallets, you file away from the inclined planes 
of the pallets, till the tooth which has escaped from one pallet 
falls a little within the circular face of the opposite pallet, taking 
care not to alter the angles in this operation. 

The teeth of the swing-wheel should be cot somewhat deeper 
for dead beating pallets, and the straight face of the tooth (not 
the sloping part) should act upon the pallets, and the face of the 
teeth should not point to the centre of the wheel, but about one- 
tenth of an inch on one side of it, so that the face of the teeth 
may tend a little forward. — The same mode of construction of 
pallets may be applied, with small variation, to those of the re- 
ceding kind, by not filing the external arc of the pallet at D, 
bat continuing the plane from D to K, and making the dotted 
line at D the face of that opposite pallet. 

Whatever number of teeth yon please to make your escape- 
ment of, yon may take, from an exact line of chords, that por- 
tion of your circle (or swing-wheel) which that number of teeth 
occupies, and halving this measure, set it off each side the per- 
pendicular, as above directed ; for instance, if your wheel has 
30teetb, the portion taken of the circle will be 

For 8} teeth 102 set off on each aide 51 

9* - - 114 - - - 57 

10} - - j ?6 63 

11} - * 138 - - 49 


**7 

of the back plate where the pivot-hole falls, by rea*> 
son of the crutch, or little rod of steel, winch must 
be screwed to a collet attached behind the frame 
to the arbor, to form an L, which contrivance im- 
presses the force* that the pallets receive from the 
maintaining power upon the pendulum ; the bent end 
of tbe crutch is usually inserted into a slit made in 
the verge or rod of the pendulum, but when the~beat 
part is divided and encloses the pendulum rod, it is 
denominated the fork ; the crutch is most usually about 
one-sixth part of the whole length of tbe pendulum 
rod ; but there seems to be no fixed rule laid down 
by which its length might be determined. 

The exact placing of the cock, so that the arbor 
pivotted into it shall be perfectly at right angles to the 
surface of the plates, is of the greatest importance, 
and therefore ought to be placed, and its steady pins 
fixed, before the original pivot-hole, through which it 
must protrude, is cut away in the back plate, for in 
that case, the protruding end of the arbor, on which 
to slide the cock and fix its position, before the steady 
pins are applied and the screws fitted to their places. 
It is, however, the practice of some workmen, to 
adjust tbe escapement by moving the cock before the 
steady pins are inserted, and a very proper mode, within 
certain limits. 

Before the crutch is screwed it should be bung on 
tbe verge of the pallets’ arbor, after the pallets are 
balanced and suffered to find tbe place of rest, in order 
to find its own perpendicular direction, and then it 
should be fixed in that situation ; for without this care, 
it will require to be bent so as to offend the eye, for 
the purpose of putting the clock into beat, or will 
require a slit in it across the centre, to admit of wql 
ecceotric adjustment, or some such contrivance. When 
all the adjustments of the escapement are thus made, the 
pallet-faces and the pivots must be hardened, and finally 
dressed by the usual successive operation ofpolishing. 

Qf the Pendulum . — In the various attempts to mark 
out the divisions of time, nothing seems to have, an- 
swered the purpose so correctly as the vibrations 
of the pendulum ; and since the application of the 
pendulum to clocks, (I mean of the second’s, or royal 
pendulum), they have obtained so much credit, as 
time- keepers, as to become useful in matters of science. 

The vibration of tne pendulum has indeed been 
found sufficiently correct, in its principle, to afford 
the means of discovering that the chief error which 
appeared in its use (at first), arose, not from the im« 
perfection of the principle itself, but from that of the 
matter of which the rod was composed. 

The celebrated Huygens, at first attributed the in- 
equalities which he remarked in the pendulum, to their 
being performed in an arc of a circle, and that con- 
sequently the longer vibrations must be slower than 
the shorter. And he demonstrated in a T reatise* which 
he published, “ That the vibrations of a pendulum, 


* Horologium OscUlatorinm. 1658. 
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moving m a cydcwf, mast be p e rf o r m erf in equal times, 
wen though Ike vibrations are unequal.* Pendulums 
store therefore made to vibrate in a cycloid, but still 
great inequalities remained, and after many ingenious 
experiments had been made, these inequalities were 
found to proceed from the change of temperature of 
the air, by its expanding or contracting the metal of 
which die pendulum-rod was formed. In consequence 
of this discovery several men of genius set about con- 
triving means of obviating these irregularities, and three 
curious compound pendulums have been produced, and 
though these are very various in their constructions, 
yet they possess the same common principle, viz. that 
of making the expansion and contraction of one metal 
counteract that of another. The first in course appears 
to be the quick-silver pendulum, invented by the late 
very eminent philosophical mechanic, Mr. George Gra- 
ham, and which is yet held iu esteem.* In the same 
year (1726), Mr. John Harrison, of Barrow, in Lin- 
colnshire, made a curious combination of rods, of 
brass and of steel, which by their different degrees of 
expansion and contraction, enabled him to make them 
counteract each other, so as to preserve the centre of 
oscillation always at the same distance from the line of 
suspension of his pendulum. + The next in course was 
Mr.^Ellicot’s compound-pendulum, with levers. This 
ingenious contrivance is found to operate to great ex- 
actness, aud has p,Weat advantage in the contrivance, 
by which die adjusflhsnt of the levers may be made, 
without tending to alter the time of its vibrations. Mr. 
Alexander Cummins has improved this instrument by 
bis mode of executing it.J The skill and labour which 
are required to make one of these complicated pen- 
dulums, necessarily enhances the price so considerably, 
as to put them out of the reach of common purchasers. 
HbWetor, an excellent jftfestitute has been found in 
the application of straight grained, well seasoned deal, 
for the rod of a pendulum, which has been proved by 
experiments to alter its length in so very small a de- 
gtoe, by heat and cold, as to render it a most eligible 
material for the above purpose. Respecting the pen- 
dulum, there are three, things essentially necessary,—* 
that the pendulum should be properly constructed, that 
its suspension should be most firm and steady, and that 
the impulses should be properly communicated to or 
from the wheels. Directions respecting each of these 
particulars shall be given at the end of this section. 

Notwithstanding, it appears most obvious, that the 
correctness of a time-keeper must greatly depend on 
the equality of the vibrations of the pendulum; yet 
small attention has been paid till of late, to the manner 
x>f its suspension, the common mode being from a 


9 The quick-silver pendulum has been improved by Mr. Trotigta- 
ton, an eminent mathematical instrument-maker, who applies a 
glass tube with a bnlb, (instead of the simple tube of Graham), 
by which means the variable surface of the mercury produces the 
necessary compensation to more advantage. See an account of 
this, Philosophical Trans. 17 *6, No. S92. 

T See the Plate, with the explanation. 
t See Elements of Watch and Clock-Work, by A. Cummins. 


cock screwed to the upper part of the back fists, and 
totally unconnected with any firm fixture. Mr. Ludlara 
has remarked, that Mr. Harrison seems to be the first 
who in conversation and in print, insisted much on die 
importance of a very firm suspension of the pendulum; 
and he farther observes, that it appears, both front 
theory and practice, to be of more consequence than 
cycloidal checks, saddle-pieces, &c. all together. When 
it is possible, the pendulum should be suspended to 
a firm fixture to the wall itself. 

Pendulum-bobs are generally formed with sharp 
edges, that they may pass through the air with less 
resistance ; but this is not the best form, for when the 
bob is a pretty heavy one, it must necessarily increase 
its diameter considerably, and then its vibrations are 
more liable to be disturbed, by hs edges not standing 
precisely in the plane of its vibrations, so as to subject 
it to be acted upon by the air, as an inclined plane, 
which evil its large surface will render it the more ob- 
noxious to. Besides, the absolute quantity of resistance, 
or different states of the air, varies but very -little, and at 
the resistance from the air increases with tbe arc de- 
scribed, it may operate as a check whenever tbe pen- 
dulum has a tendency, from other causes, to cross out 
beyond the usual limits. 


It is not attempted 
to give the true pro- 
portions of the grid- 
iron-pendulum in the 
annexed Figure, as it is 
drawn much too broad 
(between the bars), in 
order to shew tbe bare 
the more distinctly, and 
and for this reason, the 
cross-braces are omit- 
ted. jY ?3 


Gridiron-Pendulum . — In this pendulum the bob is 
fixed to the single steel rod in the middle, and on each 
side this are four other rods, alternately of brass and 
steel, which are disposed so as to act in pairs, in order 
to support tbe weight of the bob, equally, on each 
side the centre. The rods of each pair are marked 
(in the figure) with the same numerical figure, and tbe 
transverse bars take tbe number of the dart which 
points to each. The expansion or contraction pro- 
duced in brass and steel with the same change of tem- 
perature, are in the proportion of about three to two. 

The 
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The pendulum being suspended si A, we will suppose 
for instance, that by the increment of heat, expansion 
takes place. Now it will appear from inspection of 
the figure, that in this instance, all the steel rods must 
extend downwards,, and all the brass rods upwards, 
when the account will stand thus : 

1st Pair steel rods, marked l, 1, extend downwards, • S 
Sd Pair steel rods, marked 3, 3, extend downwards, - S 
3d The single central rad extends downwards also, - - 3 

Extension downwards 6 

Now the proportional expansion of brass to steel 
being as three to two, of course the 

1st Pur brass rods, marked j, v, extend upwards, - - 3 
2d Pair brass rods, marked 4, 4, extend npwards, - - 3 

6 

which exactly balances the above. 

If this statement should not appear sufficiently plain, 
we will endeavour to explain the operation of each 
pair of rods distinctly ; to do which,* it will be neces- 
sary particularly to regard whence each particular pair 
of rods springs as from a root. The first pair of steel 
rods, being fixed to the upper rail (where die suspend- 
ing spring is fixed), must of course stretch downward, 
and must carry down the under transverse piece equal 
to two; from this transverse piece (I mean No. 1), 
arises the first pair of brass bais, which of course 
will stretch upwards, equal to three, and will advance 
the rail, No. £ (which is fixed on their extremities), 
in the excess, upwards of one. From this transverse 
bar (No. £), spring the second pair of steel bars, 
marked 5, 3,* which must stretch downwards (and like 
the first pair) equal to two. But as the rail whence 
they spring was carried up in the excess of one that 
must be deducted, and so the remaining excess down- 
ward is only equal to one. Now from this same 
piece (No. 3), arises the last pair of brass bars, which 
by their extending upwards equal to three, will ad- 
vance the shortest transverse piece, seen at the top, 
equal to two only, as we must deduct the depression 
of their root equal to one. We now find the little 
transverse piece at the top (to which is fixed the central 
rod), to be advanced upwards in the excess of two. 
The last operation is that of the central rod, which 
sustains the bob, and this extending downwards equal 
to two, exactly counterbalances the remaining ex- 
cess of two upwards, so that the centre of oscillation 
suffers no change. The effect of contraction of the 
several bars, by the operation of cold, produces the 
reverse of the above description, but this need not 
be gone over again. 

Mr. Harrison having observed the effects of heat 
and cold on his thermometer curb, found that brass 
became sooner effected, by any change of temperature 
m the air, than steel, and therefore to counteract this 
superior susceptibility in brass, he advised, that, in con- 
structing his gridiron-peudulums, the brass rods should ' 
be made somewhat stouter than the steel ones. In 
the above description, I have supposed the propor- 
tional change in brass and steel to be as three to two, 


f to render the description free of fractions. But the 
real proportion is said to be as one hundred and thir- 
teen to sixty-eight. In theory, Mr. Harrison’s pen- 
dulum is considered to have the operation of five rods 
only, viz. two of brass and three of steel. Now to 
produce the effect, accurately, let the sum of the 
length of the two rods of brass be as sixty-eight, and 
the sum of the length of the three rods of steel be 
in the proportion of one hundred and thirteen, and by 
this inversion you obtain an equality of expansion ia 
both metals. > 



A description of a pendulum frith a wooden rod * — 
The rod of this pendulum should be made of a straight 
grained yellow deal, which you may procure from the 
lath-makers, it should be split down both ways ; 
neither the sort which is white and spongy, nor that 
which is of a strong grain and full of turpentine. The 
rod is a cylinder of about 4 of an inch diameter, and 
43 inches long ; it should be painted and gilt, and if 
varnished it would be less subject to changes from 
moist weather. The rod being first roughed out, a 
brass ferrule (a, Fig. 1 , above), must be driven on 
its lower end, previously turned to receive it, the 
rod is then to be put into the lathe, the ferrule 
turned true, and a few other places in the rod may 
likewise be made round; the whole is afterwards to 
be planed straight, round and smooth, a bole is then 
to be drilled at the bottom of the rod, to receive the 
wire b along the a£is. This wire should be steel, and 
the part which goes into the rod a little taper and 
rather larger than the hole in the end of the rod, the 
rest of the wire cylindrical, and the end conical; -a 
, 7 L , screw 
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screw must be cut upoathe cjrfcndrical part with stocks; 
the wire must be forced into the hole at the bottom 
of the rod, abd then cross-pinned through both ferrule 
and rod, as at P. The top of the rod. Fig. 4, is 
slit along the grain with a fine spring saw, to receive 
die spring at X, by which the pendulum is suspended ; 
the two parts are to be drawn together by a screw, and 
made to pinch the spring; this screw passes through die 
quarter part of -a- brass ferrule and is tapped into the 
opposite qparter part; die bead of the screw, with the 
first quarter, appears at c. Fig. 4. The spring is a 
piece of strong watch-spring which has never been 
coiled up, (such may be got at the spring-makers) ; the 
upper part hap two cylindrical buttons rivetted to it 
opposite to erch other, one of these appears at Z , 
Fig. 4 ; tlk^’lcar the weight of the pendulum during 
the time or its suspension, before the screws 

are drawn tight. Tie hall of the pendulum is made 
of lead, and consists of two parts screwed together 
upon the rod, so ap to. pinch it. Fig. 2 is the ball 
as it appears edgewise, and shews the section down the 
axis of the rod, where the two parts join. The shape 
of the ball when the two parts are screwed together, is the 
middle frustum o^ a globe, as is seen by the figure. These 
two parts should be mpulded from a neat turned pattern 
of wood, where the hole should be left to receive the 
rod; they may be, ca^ sp near their true form, as to 
giye but litt|e trouble jn turning down in the lathe and 
myahing • if the pattern he. maeje true, tha t axis of the 
rod wifi pass through the centra of gravity of both. 
Fig. 1, is the pepdufiiip seen flatwise ; two pieces of 
bra^s are, soldered to the bach part of the bow, 
and tapped* to receive the screws which fasten the 
two parts together ; one of these piep ep appears at y, 
Fig. 2. The place of the ball upon the rod being 
found, it is then to be screwed fast to the rod, and 
not to be moved to regulate the clock. On the screw 
part of the wire, at the bottom of the pendulum-rod, 
ia a cylinder, Qf brass, in two parts, the, screw passing 
thought th^, centre of both parts, see fig. I; the 
upper; part, d, d* consists of a milled torus and a 
plain cylindrical, part, both in. one, piece; the cylinder 
haa nuroerical figu re* engrayen on it, in the order, they 
arc. represented in tbe plafe, the Inwer part consists 
of a xniUed torus only, as at e^e. When, the upper 
part. k. screwed to. ita. proper, place it must be held 
filSt, and, the lower part screwed, against it, so as to 
pinqh the screwrwire, and secure it against any acci- 
dental turning* Whenever , tbefe is occasion, to move 
the, upper part.(in order, to regulate), , the under part 
must first, be, detached till the. adjustment be made, 
and. thep. screwed close again, as. before. This part 
(pay he called the regulator, and will perform that 
office to a much greater correctness than where the 
whole ball [of the pendulum is moved. It should be 
opted, that this regulator, as it appears in the plate, 
is. represented at half sice, and also the whole.of Jtig. 1, 
Fig. 2, and Fig. 6; all the rest are shewn at full 
Having thus described, the. pendulumrrod withi 


its balk we shall near describe* the proper method of 
suspending it, wkich is by a puyecting cock made of 
brass, and is composed of three distinct pieces, filed 
together with rivets and scram. It is difficult to i * 
scribe the exact form of it without giving many m 
of it, but the general principlemay he easily -explained. 
Strength and steadiness are pa rt ic ula riy sough t in its 
formation, and the side view. Fig. 4, will make 
it appear how those are attained in the vertical line, 
by the part marked a , a , above the line of suspension, 
and that marked c, c, below the line, ap these serve 
as strong butments each way in that direction ; but tbs 
part which serves as its hutment in the bornoatftl fine 
does not appear in the side view, but may be seen in 
the plan, No. 6 (which for want of room we were 
obliged 'to reduce in size>; the form of the port from 
b to b, is die same, as that seen in die side view from the 
dotted line s to e. The screw* marked at Z, Fig. 4, 
appears sideways m die plan, and is marked there x; 
this screw, goes through die two parts, which projec t 
forward to hang the pendulum upon. The right angled 
part, d, d, b, b, ( tig. 6,) is fixed to the fiat, bran 
plate by three rivets, as large as their thickness wdi 
admit, one at the angle near die lower b, and one at 
each extremity of the piece ; die parts are put together 
by rivetting, that when separate they may be hammer- 
hardened. This cock is firmly fixed to a strong piece 
of wainscot which is placed against the back. of. the 
clock-case, and the whole firmly attached to* the wall. 
The mode of suspension should be, such, that none of 
the lateral motion. of the pendulum, as it vibrates, can 
be communicated to the parts of. the apparatus, nor 
should the whole, however firm, be. liable to be dis- 
turbed by foreign causes. The two planes of the cock 
at Z, which are. to receive die spring between them, 
should be filed flat when the plate. T is taken and 
thus the spring may be pinched firm between them; 
so also should die cheeks of the slit at dm upper end 
of the rod, so that the spring should not have the 
least play at either, of its terminations, otherwise its 
force will be very unequal. In placing, the. cock, care 
should be taken that the place where the spring<bends> 
(Fig. 4,) should be adjusted ;to the level of tbevetgn 
or arbor of the pallets at A H. 

When the pendulum, is to be suspended upon. the cock, 
take out the screw marked Fig. 4, and release the 
screw at 2, and hang the pendulum-spring between 
the two planes at Z, Fig. 4, putting the cylindrical 
buttons, which are rivetted at the top of the spring, 
into the hollow made to receive them, at Z, then return, 
the screw into its place, but do not tighten it; then 
tighten , the screw c at the top of the pendulum-rod, 
and afterwards the two screws, H, 2, which will se- 
cure it in its place; and from its having hanged freely 
before these , screws were tightened, the several parts, 
will have been drawn into the true perpendicular tine; 
the clock is afterwards put to it. We shall now ex- 
plain the contrivance by which the pendulum receives 
its impulses from the wheel-work. A, Fig. 7. is the 
i verge 
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wg»oraA^ on w h ich the p e Het s are fixed ; 1, 1, » 

a round piece of brass melted to the collet ; k, k 9 k, is 
the stem of the crutch, seen edgewise, and in Fig. 8 
it appears flatwise. In the centre of die upper pert is 
a round hole, A, made to fit the verge; and at 1, 2, 
are two circular slits In Fig* 7, at 2, 2, is another 
roupd piece of brass, fitted rather loose on the verge ; 
the screw at A, and another on the opposite side, go 
through the fixed plate marked 1, 1, and also through 
the curved slits in Fig. 8, narked 1, 2 , and are tapped 
into die plate marked 2, 2, {Fig. 7,) so that the crutch 
it as a considerable motion round the centre of the 
verge, and may be fixed in any position by these 
screws, one of qrhich only can appear in this view, 
and is opposite Id A, Fig. 7 . At the other end of 
the stem of die crutch, (dig. 8,) is a bole to receive 
the screw shank of the steel piece seen edge-wise, 
jRg. 3, and when screwed up, appears at K, I, 

( Fig. 5.) The sides of this piece must be filed flat, 
and pohdied, or at least a fine grain given to it; its 
thidms8 should be about -A of an inch ; the end of 
the flat part is seen at Fig. 9. The shoulder marked 
w, a?* (at Fig. 5,) should be turtied flat, and when 
the screwed shank is put through die hole B of the 
crutch, in order to fix iV a collet of brass should be 
interposed between the nut and the face of the crutch ; 
t his collet or brass plate should be turned hollow to- 
wards the crotch, and somewhat round towards the 
nut, which will make binging more effectual* The 
flat faces of the steel part must be set parallel to the 
line A B, {Fig* 8.)- An oblong hole is pierced through 
the wooden rod. Fig. 9, in the direction of the axis 
ojf the rod; two fine steel screws «, s, are tapped 
through the sides of this bole. These screws pinch 
the flat part of the steel piece between them ; the ends 
of the screws which bear against the plate are somewhat 
rounded off; the ends of these screws and the flat 
part they bean ag ain st must be made as hard as pos- 1 
siblcu The holes for the screws must be made at right 
angles to the flat sides of the faces of the steel piece, 
apd must pass through the axis of the rod. These 
screws are tW of an inch in diameter, and have eighty 
dread* m an inch. They must be forced in so as to 
cpt their own threads in the wood, after which they 
must never be, turned quite out. After having pro- 
perly suspended your pendulum, and come to set up 
the clock, draw bach the screws s, s, {Fig. 9,) so as 
to l ea ve room for the flat of the steel part, T, to enter 
clearly between them. We are now come to set the 
clock into beat, in order to do which, release the screws 
at A, {Figr 7 >) and its opposite screw, (which is hidden 
in this view,) so as just to let the verge move stiff in 
die hole of the crutch. The frame containing the 
wheel-work. must then be set into its place, carefully 
directing the flat of the crutch between the screws, 
whict pans through the sides of the rod. After having 
screwed down the frame of the work to the rising 
board as usual, the crutch must be held fast whilst the 
p^ets and verge are turned so as to bring the clock 


Ijmlo beat The screw at A 4 7,), and its opposite 
I must then be tightened, so as to set the pallets and 
| verge fast to the crutch. Note, the back frame must 
be cut to as to get at tbe heads of these screws with 
a key, from tbe front of the dock. These screws' have 
square heads, not slits, and are turned with’ a key, 
to prevent tbe thrusting forwards which is necessity 
when a turn-screw is used. The clock may be adjusted 
into beat to a curious niceness, by releasing one of the 
screws, *, s, {Fig. 9 ,) and screwing up the other; take 
care not to overturn these screws so as to strip the 
threads in the wood. The rule' to be observed is this, 
you must always hear the flat, T, Fig. 9, strike against 
the screws, and if you do but hear it, they cannot be 
too dose ; these parts should be oiled. O, P, Fig. 5, 
is a piece of stnel wire, which passes through the axis 
of the rod in order to catch it, by mean* of two dips 
of wood properly carved, and fastened to the rising 
board, so that this wire just sweeps clear of it in the 
vibrations of the pendulum. Tbs more curious me- 
chanic will easily perceive, that if the above work be 
carefully executed, according to the directions given, 
the impulses will be given in the axis of the pendulum- 
rod, and thence conveyed to the- centre of gravity of 
the ball, circumstances absolutely necessary to produce 
a steady and regular motion of the pendulum. v 

A change of temperature equal to four degrees of 
Fahrenheit’s thermometer, will produce an error in the 
going of a dock per day, 

If with aateel rod, - - l" 

Brass, nearly - - - - 2 
Glass, - - - - - 01 

By observations, of transits of tbe sun over the me- 
ridian, made by Professor Bliss, he found that a clock 
of Dr. Bradley’s, •made by Mr. Graham, with a bras* 
rod to the pendulum, gained in the coldest weather*, 
of two winters, above 15" per day, and in the hottest 
1 weather, of two summers, lost above 18" per dajv 
and in temperate weather went very near to. equal 
time.— Afr. Bliss's Letter to Mr* Shirt. 

Mr. Ellicottstates thecomparative expansion andcoo* 
traction of the several different metals given below, to be as 
Gold. Silver. Bran. Copper. Iron. Steel. Lead. 

73 103 95 89 SO 56 149 

The length of the pendulum that swings seconds 
in the latitude of London, is 89$ inches, or 39,2. 
Now to find the length of a pendulum that shall make 
any other given number of vibrations (in (he same lati- 
tude) in a minute; say, a* the square of the given 
number of vibrations is to the square of 60, so is 
39i inches, (being the standard length) to the length, 
in inches, of the pendulum sought. 

A pendulum that vibrates seconds at the equator 
must be rVAy parts of an inch shorter than one which 
vibrates seconds at London, (or in * that latitude;) and 
a pendulum that vibrates seconds at the poles must 
be j&hr parts longer * than one that swings seconds at 
London. The cause of this difference arises from the 
spheroidical difference of tbe earth* and the centri- 
fugal * 
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Algal force diminishing, as the diurnal motions become 
slower and slower, from the equator to the poles. A 
pendulum that vibrate* seconds at the equator is 39 
mches in length. And to vibrate seconds at the poles 
a pendulum must be the length of 39.226 inches. 

A Table shewing how much a pendulum that swings 
seconds, at the equator, would gain every twenty-four 
hours in different latitudes ; and how much a pendulum 
would need to be lengthened, in these latitudes, to 
make it swing seconds therein. 

J (Lengthening the 

Latitude of] Time gained 
in one day. 

Seconds . 


the place. 
Dt£. 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 

The opposite 
makers who have 


1 
6 
15 
26 
40 
57 
75 
94 
114 
134 
153 
171 
187 
201 
213 
221 
226 
228 
able may 
clocks to 


.7 

.9 

.3 

.7 

.8 

.1 

.1 

.3 

.1 

.0 

.2 

.2 

.5 

.6 

.0 

.4 

.5 

.3 


pendulum to 
swing seconds. 

Inch, Parts. 

O .0016 

0 .0062 

0 .0138 

0 .0246 

0 .0369 

0 .0516 

0 .0679 

0 .0853 

0 .1033 

0 .1212 

O .1386 

0 .1549 

0 .1696 

O .1824 

0 .1927 

0 .2033 

( Y .2050 

0 .2065 

be useful to such clock- 
construct for particular 


situations, such as turrets, &c.; or it may be consulted 
to advantage when they have a clock A alter, in order to 
accommodate it to a different purpose from the original one. 

A Table shewing of what length a pendulum must 
be to make a given number of vibrations in a minute, 
in lat. 51* 30". 

| Length ofPendnltun. 


Vibration* 

{Length ofPendnlam. 

Vibrations 

in a minute 

Feet. 

Inehee. 

inaminnte 

. 10 

116 

8,608 

95 

15 

52 

2,048 

100 

20 

29 

4,154 

105 

25 

18 

8,377 

iro 

SO 

13 

0,512 

6,998 

120 

35 

9 

125 

40 

7 

4,038 

130 

44 

6 

0,759 

135 

45 

5 

9,561 

136 

50 

4 

8,344 

137 

55 

3 

10,465 

138 

60 

3 

3,200 

139 

65 

2 

9,340 

140 

70 

2 

4,747 

141 

75 

2 

1,042 

10,009 

142 

80 

1 

143 

85 

1 

7,490 

144 

90 

1 

5,390 

145 


Feet. 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

0 

0 

0 


Inches. 

3,597 

< 2,068 

0,776 

11,641 

9,782 

9,015 

8,335 

7,728 

7,615 

7,510 

7,396 

7,201 

7,187 

7,085 

6,985 

6,888 

6,793 

6,699 


Vibrations 

{Length ofPendalnm. 

Vibrations 

inaminnte 

Feet. 

Inches. 

intmionte 

146 

0 

6,608 

.164 

147 

0 

6,518 

1 65 

148 

0 

6,431 

166 

149 

0 

6,345 

167 

150 

0 

6,260 

168 

151 

0 

6,175 

169 

152 

0 

6,096 

170 

153 

0 

6,017 

171 

154 

0 

5,939 

172 

155 

0 

5,863 

173 

156 

0' 

5,788 

174 

157 

0 

5,715 

175 

158 

0 

5,643 

176 

159 

0 

5,572 

r Y77 

160 

I 0 

5,502 

<78 

161 

0 

5,434 

179 

162 

0 

5,367 

180 

163 

0 

5,301 

300 


Length of Peadaka. 
I Feet. Mo. 

O 5,238 

0 5,211 

0 5,112 

0 5,051 

O 4,991 

0 4,932 

O 4,847 

0 4,817 

O 4,761 

O 4,707 

O 4,652 

O 4,599 

O 4,547 

O 4,496 

O 4,445 

O 4,390 

O 4,347 

O 1,565 

The setting a clock into beat b effected in common 
clocks by bending the crutch one way or die other till 
the vibration on each side is equal. The trial of this it 
easily made, first marking on the clock-case, or other 
fixture, the exact point opposite which the pendulum- 
ball hangs, when perfecdy free and at rest ; then, mov- 
ing it by hand slowly to one side until the tick or the 
escape of the wheel of the pallet is heard. Mark the 
point when this occurs, then move the ball to the other 
side of the centre, and also mark die opposite point 
of the escape, and if these two are equally distant from 
the centre or point of rest the clock b correctly in 
beat ; but if it b not, the crutch of the verge must be 
bent, or, in more complete machines, an alteration 
made by screws, as directed in section pendulum, to 
one side or the other till this is effected. It b also 
an essential condition that the centre of suspension of 
the pendulum shall be exactly in the same vertical plane 
with the centre of the verge, for if the pendulum-spring 
happen not to coincide with a perpendicular line passing 
through the pivot hole of the pallets' arbor one half the 
arc of vibration will be greater than the other, even 
after the bending or eccentric adjustment of the crutch 
has brought the dock to beat. An error of thb kind 
must be very obvious, and may be remedied by the 
eye. J 

The clock is now finished, and only requires to be 
adjusted to the proper rate so that it will keep tnn 
time. The adjustment is made by turning the mit at 
the bottom of the pendulum-rod, letting the bob down 
if the clock gams, or raising it up if it loses time, as b 
shewn by comparison with some other accurate clock 
or else by the stars. * 

The ingenuity displayed by the Dutch in the con- 
struction of their wooden-docks, has induced us to cive 
a drawing of one of the best kind, and it b to be ob- 
served that thb is a very tolerable kind of clock when 
made in brass ; but even when framed in wood, with 

brass 
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tmtt wheels, is shewn in oar drawing; it will keep 
tame while its simplicity and cheapness render it worthy 
of attention. It is well adapted to a kitchen. 

j Fig. 1, Plate Clock-Work, is an elevation of 
wheel-work of .the going part of the clock, supposing 
the^ dial-plate removed, but the hands, m and n, re- 
maining in their places. The circles of the dial-plate 
are represented by the dotted circles in the figure. 

Fig. 2 is an elevation taken sideways, and shewing 
both going and striking movements at one view. 

Fig. 3 is an elevation taken from behind, and exhi- 
biting the wheel-work of the striking mechanism. 

The frame of this dock consists of two flat boards 
A? united by four wooden bars, or pillars, at the 
angtos, and also three upright pieces CDE, which 
contain and support the wheel- work. 

F, Fig. 2, represents the dial-plate attached to the 
boards. AB and G represent a similar board, fasten- 
ed in the same manner, to the boards A B behind the 
clock ; this board has a hole through it, at the upper 
hand, by which the clock is suspended upon the pin or 
spike H, driven into the wall M ; and die board G has 
two small legs or pillars L, projecting from die bottom, 
which have sharp points in their ends bearing against 
the wall. By this means the dock is firmly fixed and 
kept at such a distance from the wall as to admit the 
pendulum I K to vibrate freely between them. 

The pendulum is simply a wooden rod I K, with a 
weight or ball attached to the lower end, and suspended 
at the upper end by means of a wire hook fixed into it. 
If this is taken frpm the point of suspension to a little 
below the centre of the ball, it measures 39,1 At inches, 
and, as before stated, every vibration will occupy one 
second of time. This is the measure of time for the 
clock, which has only to record the number, of vibra- 
‘ dons the pendulum has made, and, at every time, to 
give it a slight impulse sufficient to continue its motion, 
which must be done by a maintaining power, the action 
of which is transmitted to it bya train of wheel-work, 
as* we shall describe. 

The dock is provided with two distinct 'trains of 
wheel-work, one adapted to what is called the going 
part, because it is constantly in motion, and actuates 
the pendulum with a slight impulse at every vibration, 
at the same time carries round the hands to indicate the 
number of vibrations which the pendulum has per- 
formed. This mechanism, in the clock befote us is, 
contained within the space between the uprights C D of 
the plane, except that some of the movements, called 
the dial-work, - is contained between the upright C and 
die back of the dial F; this motion is particularly 
shewn in Fig. 1. The other train of wheel-work is for 
the purpose of striking the hour upon the bell N, which 
is mounted on the top of the clock. The striking me- 
chanism is contained between the two uprights D £ of 
the frame. The going part of the clock is actuated by 
a weight which is attached to a cord P, Fig. 1 and 2 ; 
this cord passes over a pulley Q> which has pins in the 
bottom of its grooves to catch the cord and prevent its 


496 . 

slipping. The other end of the cord O, Ffe. 1, has a 
light weight appending to it, which keeps the cord to 
a proper tension, and holds it upon these pins. The 
pulley Q is fixed upon a spindle which also carries the 
great wheel a ; the latter is loosely fitted on its spindle, 
so that it slips round freely upon it, but to cause it to 
trrn with it when required. The edge of the pulley is 
serrated or cut with sloping teeth like a ratchet, and a 
click is attached to one of the arms of the wheel, 
which, holding; on the teeth, compels the wheel to turn 
round with it in the direction when the weight P is de- 
scending ; but when the clock is to be wound up, 
which is done by pulling the end O of the cord, the 
pulley and spiodle slip round without giving any motion 
to the great wheel, because its click slips over the sloping 
sides of the teeth of the ratchet cut on the edge of the 
pulley. The great wheel has seventy teeth, and actuates 
a pinion or lantern of seven leaves upon a second arbor/ 
marked 28 in Fig. 2 : it has on it a wheel b of seventy 
teeth, w hich turns a pinion of seven teeth, on the axis 
of which the swing or scape-wheel c is fastened : this 
has forty-five serrated teeth, as is shewn in Fig. 1. In 
I these teeth the pallets act ; they are fixed on a spindle 
d e, called the verge, which passes through the whole 
of the frame, and has a lever ff fixed to it, which is 
bent outwards at the end, and passes through a hole in 
the pendulum-rod IK. By this arrangement k is evi- 
dent that, at every vibration of the pendulum, the verge 
and the pallet will accompany it m its motion. The 
manner in which the escapement takes place of one 
tooth of the wheel for every vibration, is explained by 
the separate view in Fig. 5, which represents the ver- 
tical swing-wheel marked e in Figs. 1 and 2 ; it has 
forty-five teeth. . c ef represents the pallets, moveable 
in conjunction with the pendulum, on the centre or 
axis d. One tooth of the wheel, as shewn in the figure, 
rests on the inclined surface of the outer part of the- 
pallet c, on which its disposition to slide tends to throw 
the point of the pallet further from the centre of the 
wheel, and, consequently, assists the vibration in that 
direction. While tne pallet c moves outwards, and the 
wheel advances, the point of the pallet f, of course, 
approaches towards the centre in the opening between 
the two nearest teeth; and when the acting tooth of the 
wheel slips off or escapes from the pallet e, another 
tooth, on the opposite side, immediately falls on the 
exterior inclined face f; and, by a similar operation, 
tends to push that pallet from the centre* The return- 
ing vibration is thus assisted by the wheel, while the 
pallet c moves towards the centre, and receives the suc- 
ceeding tooth of the wheel, after the escape from the 
point/. Thus may the alternation be conceived to go 
on without limit, each vibration of the pendulum letting 
down a tooth of the wheel, and, in the act of escaping, 
it receives a sufficient impulse. 

We have now described the going part of the clock, 
except those wheels called the dial-work , which give 
motion to the hands. The first wheel, a, Figs. 1 and 
2, which revolves once in two hours, is not placed in 
7 M the 
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Ike centre ofthediaK-plate, *but a little below, and has d 
its strong arbor passing through die vertical partition- ; 
bar c of the interior frame-work, and receives a wheel 
g, of forty teeth, and also a ptnl on A, of ten leaves, 
which are attached and asserted on tins arbor by fric- 
tion. The wheel g, of forty, which we have seen, re- 
volves in two hours, drives a pinion ft, Fit*. 2, with a 
long tube, called the common pinion, Which is con- 
cealed in Fig. 1, behind the wheel «. On the tube of 
this pinion ft, which has twenty teeth, and which, 
therefore, revolves in one hour, is placed the minute- 
hand ft, the end of the tube being squared to admit the 
square aperture of the hand. The pinion ft, of ten 
leaves, which abo revolves in two hours, drives the 
Wheel t, of sitty teeth, in twelve hours, the tube of 
Which admits, on its circular part, the hour-hand m, 
which consequently revolves in twelve hours (2 x t§)« 
This work is denominated the dial-work, being that 
which regulates the relative velocities Of the two hands, 
as fceen in Fig. 1. 

The next portion that offers itself for description, is, 
the 9 latum, which has an immediate connexion with the 
dial-work, and has the time of its going off limited 
thereby. On the tube of the twelve-hours wheel t is 
placed loose, or, at least, only so tight as friction will 
fix it. The small plate o, pointed to by the tail formed 
within the hour-hand tn» which small plate has twelve 
hours engraven on it, and a pin inserted into it behind, 
Which comes in the way of the leter, Fig. I, every 
twelve hours this pin is put into a certain situation with 
respect to the hour of twelve and the lever p ; also, in 
order that the pin may catch the said fever at a certain 
hour, placed under the tail of the hour-hand at any 
time previously to the hour intended;* the consequence 
is, that when the tWelve-hotur wheel t has revolved far 
enough to prevent the pin of the small ’(arum dial, 
borne by it to the end of the lever p, this lever is ele- 
vated a little ; its arbor has its pivots running m the inte- 
rior fraihe-work of the going part, and a second lever r is 
fixed on the same common arbor ; this is also, at the 
same time, elevated from the pin fixed in the edge of 
an escapement crown-wheel s, shewn detached in Fig. 
4, at which inltant the small weight of the ’lartitn puns 
the pulley t on the back of the escapement-wheel of 
the 'larum, and gives it a rotatory motion as long as 
the weight continues to fell. The escapemCnt-wbeel s, 
here mentioned, has cOarse teeth of the serrated kind, 
which, like the escapement of a watch, act with two 
pallets on the peipendicular arbor, and have their fre- 
quency regulated by the vibration of the balance, where- 
as in this there is no regulator, but the pallets go and 
come alternately as fast as the impelling weight can 
force them to move. On the top of the perpendicular 
arbor v of these pallets is fixed a hammer with two j 
feces, within the bell N, as represented by dots, which 
moving backward and forward from one interior side of 
the bell to the other, with the force communicated to 
the pallets y, by the pallet-wheels, make a reiterated 
noise, the intensity and continuance of which are suffi- 


cient to disturb the repose of a sound sleeper.* Wberi 
the weight has drawn up all the cord, it is only neces- 
sary to pull it up again,, and the lever n acts as a detent 
with the pin fixed in the pallet-wheel, till the pin of the 
’larum-dial o set to any given hour, shall again detach, 
when the same continued noise will be repeated. Thu 
pulley x, on which the cord of the 'larum acts is, as 
shewn in Fig. 4, connected with the escapement-wheel x, 
by a ratchet-wheel and dick, which suffer the pulley to 
turn round independently of die wheel when the ’bran 
is wound up, in the same manner as the pulley of the 
going part. 

The last portion of the clock is the striking portion, 
which also has a connexion with the dial-work. The 
wheel g, which, as before stated, revolves in the “space 
of two hours, has two pins at the distance of a eeun- 
circle from each other behind die wheel, as is seen in 
Fig. 2 ; one or other of these two pins, at the and of 
each hour, seises the end of a tail-piece (1) attached to 
the long horizontal arbor 9,3. ; which reaches the whole 
depth of the two internal frames. This long arbor 
has another lever (4), Fig. 3, or detent, which reaches 
fer enough to fell in way of a pin in the wheel (lft), sons 
to arrest the motion of the striking f movement, when 
its quiescent position is parallel to the long arbor ; and 
above it is another similar arbor turning by its pivots ia 
the frame of die striking part. This upper arbor (6) 
has a wooden lever (6), rig. 3, by which k any be 
raised by the contact of the detent (4) of the lower 
arbor 2,3. The end of the lever (6) is famed iato two 
catches or detents, on one Of these. detents fell 

into a notch made in a projecting part of the axis (10), 
Fig. 3, of a wheel-mark (13), thence catted the defeat- 
wheel, which revolves once at every blow ef tbe bans* 
mer. The second catch of the lever (6) is a ware-hook, 
marked (8), Figs. 2 and 3, which turns up and fefissao-' 
ceesively into (12) notches cut at unequal dm— 
through die edge of the hoop, or ring, whim is fixed fast 
to the wheel, marked (8); called die count -whee l, because 
its teeth and these notches count the *trohe pecet~ be- 
tween the notches of ' the locking hoop, which are placed 
respectively at ^ &c., of th© drcvmienmot of 

the plate from each other. To explain das, ltwiusthe 
observed, that die wheel has seventy-eight teeth; the 
space between the notches in the hoop increase in arith- 
metical proportion ; the space between the two first be- 
ing one tooth, or ^ of the wheel ; the sdcond space is 
equal to two teeth, and so on, till the twelve, which is 
twelve teeth, is extant. 

The wheel (9) first actuated by die cord or chain 
passing round the third pulley fastened in it, has twelve 
pins fixed to it for raising the tail-piece (10) of the 
hammer. The arbor of the tail-piece HO) is seen in 
Figs. 2 and 3, marked 17; it has, at the opposite 
end, a lever (19), which operates on a short lever pro- 
jecting from a vertical arbor (20), which has the ham- 
mer (16) fixed on the *top of it, which is t hrown to- 
wards the bell by a spring, marked ft], so tbfct, as die 
great wheel turns, its pins seize the hammer-tail (10\ 

and. 
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mud, by depressing it, its arm (19) acts on the arbor 
(20), and draws the hammer (16) from the bell till the 
pin quits die tail (10), then die spring (£1) throws the 
hammer against the bell. 

The pin-wheel, or striking-wheel (9), has sixty teeth, 
and drives a pinion of ten leaves, marked 10, on tlte 
arbor of the detent- wheel (13), which has seventy 
teeth, driving a pinion on the remote end of the arbor 
of the warning-wheel (12) of fifty-six teeth, which 
wheel again turns the pinion (14) of seven leaves on 
the arbor of the fly, which is seen at 15. On that end 
of the arbor of the pin-wheel, which passes through 
the back part E of the frame-work, is inserted a pi- 
nion of twelve leaves, called the pinion of report, 
driving the counting-wheel (11) of seventy-eight teeth, 
which has been before-mentioned. 

The action of the striking-part is this One of the 

C in die two^hour wheel (9) first lifts the tail of the 
j lever, Figs. 1 and 2, and, with it, the detent (4), 
3. The warning-wheel (7) is not yet at liberty, 
but it begins to revolve the instant that this detent has 
raised the wooden lever (6) of it, which raises with it 
both the catches or detents before described ; then one 
of them leaves the notch made in the axis (10) of 
the detent wheel (13) and the other (8) leaves, the 
count-wheel, under (he command of the suspended 
weight The motion of the wheel, however, does not 
proceed far, because the detent (4) is raised into the 
way of the wheel (IS), and the motion of the works is 
arrested. The noise of this temporary motion of the 
wheels is called the warning; ami the wheel (IS) the 
warning-wheel ; nresently the pin of the two-hocur 
wheel g, drops from the end of the tail (1) of the 
arbor S, 3, and thus daring the temporary motion of 
Ac w ar ning - wheel, die axis (10) of the detent wheel 
and also the locking attached to the count-wheel (11) 
bad moved far enough, to take the notches from the 
daws of their respective detents, or catches, (6 and 6), 
die moment therefore that the detent (1) takes quiescent 
position, by die detent (1) slipping off the pin in the 
wheel g, the warning-wheel is again at liberty, as 
are also the detent-wheel and the count-wheel; the 
whole movement consequently now proceeds, and the 
pin-wheel raises the hammer-tail (10) as often as the 
pins meet with it, dll the deteht (8) meets vf ith a notch 
to receive it into the locking-piste, at which moment 


all motion is at an end, because the detent (6) of the 
axis (10) falls also into its notch, and holds the whole 
movement in a quiescent state. At the end of another 
hour, the second pin of wheel g again detaches the 
detents, and renews the same process, which happens 
at the conclusion of every hour. 

From this account of the movement of the striiring- 
part, and of the other auxiliary parts of this me- 
chanism, it is easy to apprehend the reason of the 
numbers of teeth, fixed upon in their different wheels 
and pinions, first, because there are twelve pins in 
the striking or pin-wheel, g, it is necessary mat the 

E iraon of report on the same protruding arbor should 
ave twelve leaves, in order that every tooth in the 
count-wheel, one of which measures the first interval 
on the locking-plate, two of which measure the se- 
cond, three the third, and so on, till the last Mace 
between the notches is measured by twelve teeth of 
this wheel. Again, as the pin-wheel (9) has sixty 
teeth and twelve pins, each pin is removed from die 
next 44=5 teeth ; if the detent-wheel (13) were ne- 
cessarily obliged to have an exact revolution at every 
stroke of the hammer, the pinion on its arbor, driven 
by the pm-wheel (9), must necessarily have five leaves 
ouly ; but when die teeth are not laid very deep into 
one another, the play will allow die hoop-wheel to 
have only one revolution in two strokes, which is the 
case before us, where the pinion has ten leaves. The 
pin-wheel, however, m ight very well have had ninety- 
six teeth, and die pinion in question eight leaves, and 
then there would have been an entire revolution of 
the hoop-wheel at each stroke. 

We nave seen that the count-wheel revolves once in 
twelve hours, and that die pin-wheel (9) revolves in f| 
of this time, or makes 6j turns in the twelve hours ; 
but if the number of pins had been thirteen, the time 
of a revolution of these, would have been ff of twelve 
hours, or once in two hours, which is the case of die 
great wheel a of the going-part, and the two move- 
ments would, in that case, have been more uniform, 
with respect to the calculations of continuance. It is 
but of litde importance what the numbers of teeth 
be in die two remaining pinions end warning-wheel, 
as they only regulate the velocity of the fly, provided 
the teeth are numerous enough to act without much 
friction. 
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Weaving is the art of making threads into cloth. 
This art is 6f very ancient origin. The fabulous story 
oif Penelope’s web ; and, still m6re, the frequent allu- 
sions to this art in the sacred writings, tend to shew, 
that the constructing of cloth from threads, hair, &c., 
is a very ancient invention. It has, however, like/ 
other useful arts, undergone an infinite variety of im- 
provements, both as to the materials of which cloth 
is made, the apparatus necessary in its construction, 
and the particular modes of operation by the artist. 

Weaving, when .reduced to its original principle, is 
N nothing more than the insertion of the weft into the 
web, by forming sheds ; but this principle has been 
so extensively applied in almost every country, and 
the knowledge of its various branches has been derived 
from such a variety of sources, that no one person 
could ever be practically employed in all its branches; 
and though every part bears a strong analogy to the 
rest, yet a minute knowledge of each of these parts, 
can only be acquired by experience and reflection. 

The arts of spinning, .throwing, and weaving silk, 
were brought into England about the middle of the 
fifteenth century, and were practised by a company 
of women in London, called silk-women. About 
A* D. 1480, men began to engage in the silk manu- 
facture, and the art of silk-weaving, in England, soon 
arrived at very great perfection. The civil dissensions 
which, followed this period, retarded the progress of 
this ait ; but afterwaras, when the nation was at rest, 
the arts of peace, and, among others, that of weaving, 
made rapid advances in almost every part of . the 
kingdom. It has been generally supposed, that silk- ! 
weaving, particularly that of figure-weaving, has never 
been brought to that perfection in England* to which 
it has attained in other countries. 

The art of cotton-weaving, in its present improved 
state, has not been long known either in this or any 
other countiy. Wherever it originated, it is certain 
that most of our manufactures, in this respect, are 
unequalled in any part of the known world ; and were 
it not for the many commercial restrictions, by which 
the present war is so unfortunately distinguished, there 
is every rational prospect that our cotton trade would | 
be still further improved and extended. 

The apparatus necessary m the art of cloth-weaving 
consists, chiefly, in the loom, shuttle, reed, and heddles, 
or harness, the form and use of which are here de- 
scribed. 


When the weaver has received his warp from the 
warping-mill (for an account of which see Cotton - 
Manufacture), his first care is to wind it upon 
the beam in a proper manner. When this has been 
done, aud the cord made fast at boUi ends of the 
shaft, the knotting left by the warper is cut, and the 
warp stretched to its proper breadth. An instrument, 
called a ravel, is then to be used. Ravels are some- 
what like reeds, and are also of different dimensions. 
One proper for the purpose being fouhd, every half- 
gang is placed in au interval between two of the pins. 
The upper part, or cape, is then put on and secured, 
aud the operation of winding the warp upon the beam 
commences. In broad works, two persons are Em- 
ployed to hold the ravel which serves to * guide the 
warp, and to spread it regularly upon the beam ; one 
or two to keep the chain, or chains, of the. warp .at 
a proper degree of tension, and one or more to turn 
the beam uppn its centres. The warp being regularly 
wound upon the beam, the weaver prepares to take 
it through the heddles, and this operation is called 
drawing. 

Before the operation of drawing commences, two 
rods are inserted into the lease formed by the upper- 
lease-pins on the warning-mill ; the ends of these rods 
are tied together, the twine by which the lease was 
secured is cut away, and the warp stretched to its 
proper breadth. The beam is then suspended by 
cords behind the heddles and somewhat higher, thie 
warp hanging down perpendicularly. The weaver then 
places himself in front of the heddles, and another 
person is placed behind. The former opens every 
heddle in succession, and it is the business of the 
latter to select each thread in its order, and deliver it 
to be drawn through the open heddle. Hie succes- 
sion in which the threads are to be delivered is easily 
ascertained by the rods, as every thread crosses that 
next to it. The warp, after passing through the 
heddles, is next drawn through the reed by an instru- 
ment called a sley, or reed-hook, two or more threads 
being taken through every interval. 

These operations being finished, the cords or mount- 
ing which move the heddles are applied ; the reed is 
placed in the lay, or batten, and the warp is divided 
into small portions, which are tied to a shaft connected 
by cords to the cloth-beam. 

When the weaver has finished these two operations 
of beaming and drawing, he proceeds to dress his 

warp. 
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Wp* ' Dressbg if justly esteemed of the first inn 
portaoce, in (ho art of weaving warps spun from flax 
or cotton; for it i$ impoaiible to produce work of 
ft good quality, unless care be used in dressing the 
warp* The use of dressing is, to give yam sufficient 
strength or tenacity, to enable it to hear the operation 
of weaving into eloth. It also, by hying smoothly 
all the ends of the fibres, which compose the raw 
/material, from which the yarn is spun, tends both to 
^diminish the friction during the process, and to render 
the cloth , smooth and glossy, when finished. The 
substance in common use for dressing, is simply a 
mucilage of vegetable matter boiled to a consistency 
in water. Wheat flour, and sometimes potatoes, are 
Jtbe substances commonly employed. Tliese answer 
sufficiently well in giving to the yarn both the smooth- 
ness and tenacity required ; but the great objection to 
them is, that they are too easily and rapidly affected 
Jt>y the operation of the atmosphere. When dressed 
yarn is allowed to stand exposed to the air, for any 
considerable portion of time, before being woven into 
xdotb; it always becomes hard, brittle, mid compara- 
tively inflexible. It is then tedious ami troublesome 
to weave, and the cloth is rough, wivy, and uneven. 

* When the warp, previously dressed, has been wrought 
up, as far as can be done conveniently, the weaver 
is obliged to suspend the operation of weaving, and 
p> prepare a fresh quantity of warp. It is necessary 
to stop, when the dressed warp has approached within 
two or three inches of the Irak leaf of the heddles, 
that room may lie allowed to join the old dressing to 
iffie new. The first operation, as in wool and silk, is 
to clear the warp, with the comb, from the lease rod | 
to the yam roll, or beam. The proof that this opera- 
tion has been properly executed is, by bringing back 
the rods, successively, from their working situation to 
the roll. When this has been done, the two rods 
nearest to the heddles, are drawn out of the warp to 
one side, and the lease rod only remains. The next 
fluty of the weaver is, to examine the yam about to 
be dressed, and carefully to take away every knot, 
lump, or other obstruction, which might impede the 
progress of the work, or injure the fabric of the 
cloth. In silk warps no further dressing is necessary ; 
but in cotton warps the weaver proceeds to apply the 
substance used for dressing, which is rubbed gently, 
but completely, into the whole warp, by means of two 
brushes used in succession, one of which he holds in 
/each hand* He then raises the lease-rod, which in 
cotton-weaving si a middle rod, on one edge, to divide 
the warp, and sets the air in motion by moving a 
large fan, for the purpose of drying the warp which 
has been dressed. Fustian-weavers use a large red- 
hot iron for this purpose, . It is proper, in this stage 
of the operation, to draw one of the dressing brushes 
lightly over the warp at intervals, in order to prevent 
any obstruction, which might arise by the threads, 
when agitated by the fan, cohering or sticking to each 
other, whilst in a wet state. Whenever the jrup is 


Sufficiently dried, a very small Quantity of grease is 
brushed over it, the lease-rod is again placed upon 
its flat side, and cautiously shifted forward to the 
heddles. The other rods are then put again into their 
respective sheds, and the process is finished. 

The first operation of dressing the warp bring 
finished, the weaver begins that of forming the cloth. 
The operations required are only three, ‘ and these 
are very simple: 1st Opening the sheds in the warp, 
alternately, by pressing the treddles with bis feet £d, 
Driving the shuttle through each shed, when opened. 
This is performed by the right hand, when the fly- 
shuttle is used, and by the right and left hand, alter- 
nately, in the common operation. 3d. Palling for- 
ward the lay, or batten, to strike home the woof, 
and again pushing it back nearly to the heddles. This 
is done by the left hand with the fly, and by each hand* 
successively in the old way. 

In describing operations so simple and uniform, it 
is neither easy nor necessary to go much into detfri). 
By examining any piece of plain doth, it will be found 
to be composed of two or more distinct sets of threads, 
or filaments, running in opposite directions perpendicu- 
larly to each other ; those threads (or, as some weavers 
call them, yarns) in the direction of the cloth’s length 
are called the warp, and extend entirely from one end 
of the piece of doth to the other. The thread, or 
yarn, running across the doth in an horizontal direc- 
tion is called the woo£ or weft. It is in fact one 
continued thread through the whole piece of cloth, 
being woven alternately over and under each yarn of 
the warp, until it arrives at the outside one. It then 
passes round the yarn, and returns back, over and 
under each thread, as before ; but in such a manner, 
that it now goes over each jam which it passed under, 
before; thus firmly knitting or weaving the whole 
together. The outside yam of the warp, round which 
the woof is doubled, is called the selvage, and cannot 
be unravelled without breaking the. woof. The breadth 
of the cloth determines die number of yams the warp 
shall contain; and its quality limits their distances 
from each other, and determines the fineness or set 
of the reed. 

Stripes are formed upon cloth, either by the waip 
or by the woof. When the former of these ways ia 
practised, the variation of the process is chiefly the 
business of the warper: in the latter case it is that 
of the weaver. By unravelling aqy shred of striped 
cloth, it may easily be discovered, whether the stnpes 
have been produoed by the operations of die warper 
or those of the weaver. 

Checks are produced by the combined operations 
of the warper and the weaver. 

Tweeled cloths are so various in their textures, and 
at the same time so complicated in their formation, 
that it is impossible to convey an adequate idea of 
the mode of constructing them, without the aid of 
several engraved figures. In examining any piece of 
plain cloth, it will be obserfed, that all the threads 
7 N in 
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m the warp and w mi ci mm each other,' a ad art tacked 
aHeroatoiy This is not tbe case in tweefed cloths 3 
for in this instance only die third, fourth, fifth, sixth, 
c.j threads, crom each other to form a texture. 
Tvveeled cloths have been fabricated of various de- 
scriptions. In the coarsest kinds every third thread 
is crossed: in finer fabrics* they cross each other at 
’ intervals of four, five, six, seven, or eight threads, 
and in some very fine tweeted silks the crossing does 
not take place until the sixteenth interval. 

Tweelitig is produced by multiplying and varying 
the number of leases in the harness; by the use of 
a back harness, or double harness ; by increasing the 
number of threads in each split of the reed ; by an 
ebdless variety of modes iu drawing the yams through 
the harness ; and by increasing the number of treddles, 
and changing the manner of treading them. When 
the number of treddles requisite to raise all the variety 
Of 4heds necessary to produce very extensive patterns 
would be more than one man could manage, recourse 
is had to a mode- of mounting, or preparing the loom, 
by the application of cords, Jfcc., to the harness ; 
and a second person is necessary to raise the sheds 
required, fey pulling the strings attached to the respec- 
tive leases of the back harness, which are sunk to 
their first position by means of leaden weights un- 
derneath. This is (be most comprehensive apparatus 
used by weavers foe faneUtd patterns of great extent, 
and it » called the draw-loom. In weaving very fine 
silk tweels, such as those of sixteen leases, the num- 
ber of threads drawn through each interval of die 
reed is so great, that, if woven with a single reed, 
they would obstruct each other in rising and sinking, 
and the died would not be sufficiently open to aHow 
the shuttte a free passage. To ovoid this inconve- 
nience, other reeds are placed behind that which 
strikes up the weft ; and the warp threads are so dis- 
posed, that those which pass through the same interval 
m the first reed are divided m passing through the 
second* and again in passing through the third. By 
these means the obstruction, if not entirely removed, 
is greatly lessened. 

In the weaving of plain thick woollen cloths, to pre- 
vent obstructions of this kind, arising from the closeness 
of the set, and roughness of the threads, only one- 
fourth of the warp is sunk and raised by one treddle, 
and a second is pressed down to complete the shed, be- 
tween the time* when every shot of weft is thrown 
across. 

Double cloth is composed of two webs, each of 
which consists of a separate warp and separate weft; 
bat the two are int erwoven at intervals. The junction 
of the two webs is formed by passing each of them 
occasionally through the other, so that each particular 
part of both is sometimes above and sometimes below. 
This species* of wearing is almost exclusively confined 
to the manufacture of carpets in this country. The 
material employed is dyed woollen, and, as almost 
all carpets are decorated with fanciful ornaments, tbe 


made to pass through each other at such intervals m 
will form the patterns required. Hence it arises, that 
the patterns of each side of the carpet are the same* 
bat the colours are reversed. Carpets are u sually 
woven in the draw-loom. 

Gauee differs in its formation from other cloths* 
by having the threads of the warperessed over each 
other, instead of lying parallel. They are turned to 
the right and left alternately; and each shot of weft 
preserves the twine which it has received. TVs effect 
is caused by a singular mode of producing the sfieds^ 
which cannot easily be described without tbe aid of 
drawings. Cross, or net-weaving^ is a separate branch 
of the art, and requires a loom particularly constructed 
for the purpose. Spots, brocades, and lappets, art 
produced by a combination of the arts of phda* 
tweeled, and' gauae- weaving; and, as in every other 
branch of the art, are produced in all their varieties 
by different ways of forming the sheds, by the appli- 
cation of heddles, and their connexions with the 
treddles which move them. Indeed, the whole know* 
ledge of the art consists in this part of the a p pa r a t u s 
of a loom. 

Stockings are woven with a loom, which like other 
looms consists of treedtes: of a bobbing of twisted 
silk, &c. fixed on a bobbin-wire, which it turns with 
ease to feed the engine : of a wheel, by the motion 
of which the jacks are drawn together upon occdtes; 
and of a needle on which the stockings are made. 
The loom is a very complicated piece of machinery, 
but by it, in its present improved state, stockings of 
all sorts can be made with great expedition. Some 
years since, a patent was taken out by Mr. G eorge 
Holland, for a method of making stockings and other 
articles of wearing apparel adapted to give peculiar 
warmth to invalids, which may be thus described:—* 
The work is to be begun in the common way of 
manufacturing hosiery, and having worked one or more 
course, or courses, in the common way, tbe Workman 
is to add a coating in the following way: draw the 
frame over the arch, and then hang wool or jersey, 
raw or unsputi, upon tbe beards of tbe needles, and 
slide die same off their beards upon their stems, till 
it comes exactly under the nibs of the sinkers ; then 
sink the jacks and sinkers, and bring forward die 
frame till the wool or jersey is drawn under the 
beards of tbe needles, and having done this, draw 
the frame over the arch, mid place a thread of spud 
materials upon the needles, under the mbs of the 
sinkers, and proceed in finishing the course in the usual 
way of manufacturing hosiery with spun materia l s. 
Any thing manufactured in this way, has on one skfe 
the appearance of common hosiery, and on tbe other 
side the appearance of raw wool. The raw or unsputt 
materials may be Worked in with every course, or with 
the second, third, fourth, &£• course, accords^ to the 
warmth or thickness required. 

Other methods are described in the specification, 

and 
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Spndit it added drift hos i e ry mrnj be totted by my of 
these methods* eot' only wkh wool tod jersey, bet 
alto with silk, cotton, flex* hemp, heir, or other things 
of e similar nature, raw or uuspun, but the method 
which we here described, is reckoned by the patentee 
the eery beet. The method of making false or downy 
calves in stockings, it by working raw or untpun 
wool, or jersey, or any other raw or uospun materials 
into the calves of stockings, in the way already de- 
scribed* 

Carpet-weaving . — Carpet is a sort of staff wrought 
With the needle or on a loom, which is part of the 
fumitme of a house, and commonly spread over tables, 
or laid upon the floor. Persian and Turkey carpets 
are most esteemed ; though et Peris there-is a manu- 
factory after the manner of Persia, where they make 
them little inferior, not to say finer, than the true 
Persian carpets. They are velvety, and perfectly 
imitate the carpets which come from the Levant 
There are also carpets of Germany, some of which 
are made of woollen stuffs, as serges, fee., and called 
square carpets; others are made of wool also, hot 
wrought with the needle, aad pretty often embellished 
with silk ; and lastly, there are carpets made of dogs’ 
hair. We Imve likewise carpets made in England, 
which are used either as floor-carpets, or to moke 
chairs and other household furniture. 

In weaving carpets the design or pattern is traced 
in its proper colours on cartoons, lied before the work- 
man, who looks at them every moment, because every 
stitch is marked upon them, as it is to be in his work. 
By this means he always knows what colours and 
shades he is to use, and how many stitches of the 
sense colour* In this h» is assisted by squares, into 
which the whole design is divided; each square is 
subdivided into ten vertical lines, corresponding with 
the parcels of ten threads of the warp; and besides, 
each square is ruled with ten horizontal Imes, cross- 
ing the vertical lines at right angles. The workman, 
having placed bis spindles of thread near him, begins 
to work on the first horizontal line of ona of the 
squares. 

The fines marked on the cartoon are not traced on 
the warp, because an iron wire, which is louger than 
the width of a parcel of ten threads, supplies the 
place of a cross-line. This wire is managed by a 
Crook at one -end, at the workman’s right hand; to- 
wards the other end it is flatted into a sort of knife, 
with a back and edge, and grows wider lo the point. 
The weaver fixes his iron wire horizontally on the 
warp, by twisting some turns of a suitable thread of 
the woof round it, which he passes forward and back- 
ward, behind a fore thread of the warp, and then 
behind die opposite thread, drawing them in their turn 
by their leashes. Afterwards he brings the woof-thread 
round the wire, in order to begin again to thrust it 
into the warp. He continues in this manner to cover 
the iron rod or wire, aad to fill up a line to the tenth 
thread, of the warp. He is at liberty either to stop 


here or to go on with (he same cross-line in die next 
division, according as be passes the thread of the woof 
round the iron wire, and into the warp, the threads 
of which he causes to cross one another at every in- 
stant : when he cocnee to the end of the line, be takes 
care to strike in, or close again all the stitches with 
an iron reed, the teeth of which freely enter between 
the empty threads and the warp, and which is heavy 
enough to strike in the woof he has used. This row 
of stitches is again closed and levelled, and in the 
same manner the* weaver proceeds; then with his left 
hand be lays a strong pair of shears along the finished 
line, cuts off the loose hairs, and thus forms a row 
of tufts perfectly even, which, together with those 
before and after it, form the shag. Thus the work- 
man follows stitch for stitch, and colour for colour, 
the plan of his pattern, which he is attempting to 
intitule; and he paints magnificently, without having 
the least notion of painting or drawing. 

Tapestry-weaving. — Tapestry-work is distinguished 
by the workmen into two kinds, viz. that of high, 
and that of low warp ; though the difference is rather 
in the manner of working than in the work kself, 
which is in cffkc t the same in both, only the looms, 
and consequently the warps, are differently situated; 
those of the low warp being placed flat and parallel 
to the horizon, and those, on the contrary, of the high 
warp, ended perpendicularly. The English anciently 
excelled aU the world in the tapestry of the high 
warp ; of which the following is a description. 

The loom, whereon it is wrought, is placed per- 
pendicularly. It consists of foor principal pieces ; two 
long planks or cheeks of wood, and two thick rollers 
or beams. The planks are set upright, and the beams 
across them, one at the top, and the other at the 
bottom, or about a foot distance from lbs ground. 
They have each their trunnions, by which they are 
suspended on the planks, and are turned with bars. 
In each roller is a groove from one end to the other, 
capable of contenting a round piece of wood, fastened 
therein wkh hooks. The uea of it is to tie the ends 
of the warp. The warp, which is a kind of worsted, 
or twisted woollen thread, is wound on the nppev 
roller ; and the work, as fast as woven, is wound on 
the lower. Wkltinside the planks, which are seven or 
eight feet high, fourteen or fifteen inches broad, and 
three or four thick, are holes pierced from top to 
bottom, in winch are put thick pieces of iron, with 
hooks at one end, serving to sustain the coat-state 3 
these pieces of iron have also holes pierced, by putting 
a pin, in which the stave is drewnnearer or set further 
off; and thus the coats or threads are stretched or 
loosened at pleasure. The cost-stave is about three 
inches diameter, and runs all the length of die loom } 
on this ave fixed the coats or threads, which make 
the treads of the warp cross each other. It has much 
the same effect here, as < the* spring-etavc and treddies 
have in the common looms. The coats are little 
threads fastened to each thread of the warp wkh a 
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kind of sliding knot, which forms a sort of mesh or 
ring. They serve to keep the warp open for the 
passage of broaches wound with silks, woolleiA, or 
other matters used in the piece of tapestry. In the 
last place, there are a number of little sticks of dif* 
ferent lengths, but all about an inch in diameter, 
which the workman keeps by him in baskets, to serve 
to make the threads of the warp cross each other, by 
passing them across ; and, that the threads thus crossed 
may retain their proper situation, a pack-thread is run 
among the threads, above the stick. 

■ The loom being thus formed, and mounted with its 
warp, the first thing the workman does, is to draw on 
the threds of this warp, the principal lines and strokes 
qf the design to be represented on the piece of tapestiy ; 
which is done by applying cartoons, made from the 
painting he intends to copy, to the side that is to be 
the wrong side of the piece, and then, with a black- 
lead pencil, following and tracing out the contours 
thereof on the thread of the right side, so that the 
strokes appear equally both before and behind. 

As for the original design the work is to be finished 
by, it is hung up behind the workmen, and wound on 
a long staff, frpm which a piece is unrolled from time 
to time as the work proceeds. 

Besides the loom, 8cc. here described, there are 
three other principal instruments required for working 
the silk or the wool of the woof within die threads 
of die warp ; these are a broach, a reed, and an iron 
needle. 

The broach is made of a hard wood, seven or eight 
inches long, and two-thirds of an inch thick, ending in 
a point with a litde handle. This serves as a shuttle ; 
the silks, woollens, gold, or silver, to be used in the 
work, being wound on it. 

The reed or comb is also of wood, eight or nine 
inches long, and an inch thick on the back, whence it 
grows less and less to the extremity of the teeth, which 
are more or less apart, according to the greater or less 
degree of fineness of the intended work. ■ Lasdy, the 
needle is made in form of the comtnon needle, only 
larger and longer. Its use is to press close the wool 
and silk, when there is any line or colour that does 
not fit well. 

All things being prepared for the work, and the 
workman ready to begin, he places himself on the 
wrong side of the piece, with his back towards the 
design ; so that he works in a manner blindfold, seeing 
nothing of wbat he does, and being obliged to quit 
his post, and go to the other side of die loom, when- 
ever he would view and examine the piece, to correct 
it with his pressing-needle. To put silk, &c. in the 
waip, he first turns and looks at the design; then, 
taking a broachful of the proper colour, lie places h 
among the threads of the warp, which he brings across 
each other with his fingers, by means of the coats or 
threads fastened to the staff*; this he repeats every 
time he is to change his colour. Having placed the 
silk or woo), he beats it with his reed or comb ; and 


when he has thus wrought in several rows dver each 
other, he goes to see the effects tfi&y have, in ofder to 
reform the contours with his needle, if there should 
be occasion. As die work advances, it n rolled upoti 
the lower beam, and they unrol as much warp from 
the upper beam as suffices diem to continue the 
piece, the like they do of the design behind them. 
When the pieces are wide, several workmen may be 
employed at once. 

We have two things to add : the first is, that the 
high-warp tapestry goes on much 'more slowly than the 
low-warp, and takes up almost twice the time and 
trouble. The second is, that all the difference the 
eye can perceive between the two kinds, consists in 
this ; that in the low-warp there is a red fillet, about 
one-twelfth of an inch broad, running on each ride 
from top to bottom, which is wanting in the higb-warp. 

But, for the satisfaction of our readers, we shall 
here describe the principal parts of the loom for the 
manufacture of tapestry of the high warp, or that ia 
a situation perpendicular to the horizon. The loom 
consists, 1. Of two strong upright posts fixed in the 
floor : these support, 2. Two rollers, of which the 
upper end holds the chain, the lower holds the tapestry, 
which is rolled upon it according as die work goes 
forward : the threads are fastened at their ends to a 
dweet, or thick rod, which is lodged in a groove made 
in each roller. 3. The two tantoes, one called the 
great tantoe, for turning the lower rotter. 4. The 
pole of the leashes, which runs quite across die chain, 
takes up aU the leashes, and brings them to the work- 
man’s hand. These leashes are little strings, tied by 
a slip-knot to each thread of the chain, to be raised up 
according as the chain rinks down : they serve to draw 
the particular thread which the weaver wants. He 
holds the thread separate from the rest, and passes a 
spindle of such a woof and colour as he thinks proper: 
then he lets the spindle bang down, and hinders the 
thread from running off by a sttp-koot. After having 
taken oue or two threads of the fore-part of the chain 
by another leash, he brings the threads of the opposite 
side to him. By this alternative work he constantly 
makes them cross one another, to take in and secure 
the woof. In order to distinguish the threads of both 
sides, he is assisted by the cross-rod, which is pot 
between two rows of threads/ 5. A long tract of 
dots formed by the ends of the leashes which take hold 
of the leashes of the chain by a slip-knot ; and on the 
other hand encompasses the pole of the leashes. 6. The 
cross-rod. ?. A little chain, each loop of which con- 
tains four or five threads of the warp, and keeps them 
perpendicular. 8. An iron book, to support the pole 
of the leashes. 9. The broacher-quill, to pass the 
threads of the woof, which is wound on it. 10. The 
comb, to strike in the work. 11. The end of the 
dweet let into the roller, in a groove. 

When the chain is mounted, the draughte-raan traces 
the principal out-lines of the picture, which is to be 
wrought with black chalk on the fore and back side of 
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the chain. The weaver in the upright way having pre- 
pared a good stock of quills, filled with threads of all 
colours, goes to work, placed on the back part, as in 
the flat way, or in the manufacture of the low-warp. 


He has behind him his drawings, on which he frequently 
looks, that he may from time to time see how his 
work succeeds on the right or fore side, which the 
other cannot do. 


WHEEL-WRIGHT. 


This artisan's employment embraces the making <of 
all sorts of wheels for the carriages which are em- 
ployed in husbandry, as well as for those adapted to 
the purposes of pleasure. Road-waggons and other 
vehicles constructed for burden, are also the manu- 
facture of the wheel-wright. In London this business 
is divided into two distinct branches of work ; one of 
which being confined to the purpose of manufacturing 
wheels for carriages of pleasure, is an appendage to 
coach-making; the other to the making of the bo- 
dies, wheels, &c. of the different kind of machines 
required for the transport of the various commodities 
for the purposes of trade, or the comfort and con- 
venience of the people. It will appear by a very 
superficial examination, that such a business is of very 
great consideration, inasmuch as it contributes largely 
to the facilitating of our first necessities, by supplying 
the means of ready transit for articles of all descrip- 
tions, as well as in offering a similar comfort of quick 
communication for ourselves ; and it is pleasing to re- 
flect, that amidst all the various improvements in arts 
and manufactures, that this of wheel carriages has 
been by no means neglected. Our artisans in this line 
stand pre-eminent, our carriages are manufactured on 
better principles, as well as more neat in their execu- 
tion, than are to be found in any other country. 

It is intended here to describe first, the manu- 
facture of a wheel as adapted to carriages of pleasure, 
and also to those of burden, pointing out at the same 
time the various improvements which have been made 
by the manufacturer for the different purposes of light- 
ness and strength, as well as those which have been 
secured by a patent 

A wheel consists of three parts, viz. the nave or 
stock, which is its centre ; the spokes which are radii 
from it, and the ring, which is the outside or periphery 
of the wheel. When a wheel is to be made, the 
workman ascertains its exact diameter, to which he 
adapts moulds of the length of the several fillies neces- 
sary to form its outside ring, or periphery. If it be 
a wheel for a carriage, he selects such fillies as are of 
small size to form it, these he chops away with his 
axe till they approach nearly to the form he wants 


them, and to the sweep of the moulds. The fillies 
are generally left in their length equal to admit of two 
of the radii or spokes being framed into each, and as 
much longer as to reach to the centre on each side 
between the two adjoining spokes. Twelve spokes 
are commonly assigned to the larger wheels of car- 
riages, and ten to the smaller ones. The working 
and finishing of the several fillies to form the periphery 
of a wheel, consists, after it has been roughly chopped 
to the pattern, in forming its inside edge somewhat 
rounding, and getting its outside edge perfectly cir- 
cular, and to form such an acute angle, as that when 
the wheel is adapted to the axle-tree, it shall stand 
square and solid under the body of the carriage. 
This is required from the circumstance that all wheels 
are made to a conical or dish-shape, as it is technically 
called, which is done partly for the purpose of keeping 
the dirt which collects upon their outer edge from 
splashing the body of the carriage. This dishing of 
a wheel, which is almost peculiar to this country, has 
given rise to considerable discussion. That it is by 
no means calculated to lessen friction, which ought 
to be the first consideration, is very obvious, and 
particularly if it be considered, that as being the frus- 
tum of a cone, it must be constantly operating against 
the line of draft of the power employed to give it 
motion. Hence its tendency is to impede rather than 
promote the effect of the impulse. Nevertheless, all 
our wheels are dished, and such is the power of habit, 
that to decrease the friction, the wheelwrights, fre- 
quently in our largest road-waggons, increase the acute- 
ness of their conical wheels, fancying, perhaps, that 
all they have to overcome lays in the breadth of the 
surface which they oppose to the road, which this 
kind of form, say they, t€ makes very little.” Our 
wheels to road machines, perhaps, are the only 
tilings that have been neglected, in as far as giving to 
them those forms best calculated for their various pur- 
poses. 

This is a subject requiring the attention of both the 
mechanician arid mathematician, and for their attention 
to which, the public convenience would be much in- 
debted. Principles must be laid down, and in such 
7 0 a plain 
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a plain and obvious maimer, as to fix attention by their < 
simplicity. By a scientific pursuit of this subject, it 
is probable that one-half the animal power now re- 
quired for our road machines might be dispensed with, 
the roads improved, and science directed to its true 
end, via. to the purposes of public utility. This digres- 
sion arose only from the circumstance of our desire 
to promote the public convenience. The fillies, when 
accurately shaped, are cut to their several lengths, so 
as to make up the complete circle, or outside ring of 
the wheel , every oue of their meeting joints being so 
formed as to approach exactly together close and firm. 
After the ring is thus worked and prepared, it is placed 
round, and the meeting joints corrected by planing, 
or saw-curfing, as it is called, till they become in a 
state capable of uniting very close when fixed to die 
spokes. Every joint is then perforated to about five 
or six inches deep by an auger, and a dowel of oaken 
wood is driven into the perforations; these are in- 
tended (o keep the joints from springing, or getting 
out of place when the wheel is about to be put to- 
gether. The fillies of wheels are commonly made of 
beechen wood, viz. from small trees, or the arms and 
branches of large ones ; they are sawn into lengths of 
about three feet each, and rended by the pith of 
the piece, they are then chopped to a somewhat cir- 
cular shape; the largest size being taken for waggon 
or cart-wheels, and the smaller for those to carriages. 
They are sold by a dealer, known as die filly and 
spoke merchant, commonly by the hundred of five 
score, and they vary as their size from 60s. to 200s. per 
hundred. The supply to London is generally from 
Yorkshire, but considerable quantities are gotten in 
Buckingham and Oxfordshire ; but those from York- 
shire are most preferred by the coach wheel-wrights. 
The spokes of wheels are made from oak, rended from 
the small trees into pieces of from two to three feet 
in length, and to about three inches square; some- 
times for the smaller description of wheels, they are 
rended to a quadrant form: they are vended by die 
hundred as the fillies are, and vary in their price as 
their size from 30s. to 60s. per hundred. 

The manufacture of the spokes consists ia chopping 
diem first to their diape, and then smoothing them up 
with spoke-shaves to die form they are required ; when 
this is done, they are all gauged to an exact length, 
and their shoulders are made, and the tenons left to 
enter the stock and fillies. The tenon intended to be 
framed into the stock or nave is generally left square, 
whereas that which enters the filly is round. The 
tenons at both ends are left somewhat larger at their 
shoulder than at their other ends, for the purpose of 
giving them greater tightness when fixed in their in- 
tended mortises. The tenon in the stock depends 
wholly for its firmaess to the tightness of its framing ; 
whereas that which enters the filly is secured by being 
wedged in its mortise on its outside edge. The strength 
of a wheel depends greatly on the attention paid to 
the arrangement and framing of the spokes; in com- 


mon wheels they are framed regularly and equally aR 
round the thickest part of the nave, the tenons of the 
spokes being so bevilled as to stand with reference to 
the horizontal position of the nave about three inch es 
out of the perpendicular ; this is done to produce what 
is called the dishing of die wheel. But for wheels 
of strength, and for instance the wheels to our mail- 
coaches, the spokes are framed somewhat differ- 
ently into the nave, which is made also rather larger 
than is usual for common coach-wheels. The framing 
of the spokes in these wheels consists in getting 
every other one perpendicular to the nave. Hence 
the mortises to receive them in it are not made in a 
parallel line round it, but stand, as it were, in two 
different parallels, one without the other, by which 
means greater solidity is given to the nave, and an im- 
mense addition of strength to the whole wheel. This 
will appear rather more obvious, if it be considered 
that by this plan, supposing ten spokes to form the 
levers, five will be perpendicular to the weight of 
the body to be put in motion, and the other five in- 
clining from it to produce the dish-shape ; the wheels 
are found to resist their work considerably longer than 
any other at present employed to our lighter kind of 
wheel-carriages. This is a sufficient proof of their 
utility. 

The stock, or nave, of a wheel is commonly formed 
of elm-wood. These are cut and sold by the bandied, 
as are the fillies and spokes, and vaiy also, as their sizes, 
from £5. to £ 7 . per hundred. To produce their sound 
conical form, they are turned in a lathe, and many 
small projections and mouldings are left to give to them 
greater neatness when painted and finished. After the 
nave is turned, it is put into the hands of the wheel- 
wright, who divides and marks the places where he in- 
tends to form the mortises to receive the spokes ; as be 
makes them, he tries the tenant of the spoke to each 
several mortise, and puts a private mark on the spoke 
he finds best adapted to fit into it. When these are all 
made and fitted, he begins to put the whole wheel to- 
gether, fitting all the spokes to the nave first, and then 
adjusting and adding the fillies. When the wheel has 
arrived in this state it is put by to season ; this consists 
in nothing more than placing it in a place exposed to a 
current of air, or, as at some manufactories, putting it 
into a kiln. A few hours is sufficient in it, when heated 
to about 140° of Fahrenheit, whereas a week or two 
will be necessary if it is to be seasoned by the natural 
means. The wheel, when properly seasoned, is knocked 
up together, and all its joints and parts are examined to 
see if they are in such a state as to come together firmly, 
and, if found to be so, they are secured and fixed. 
This operation is begun by driving firmly in all the 
spokes to the nave, and then putting on the fillies or 
ring on the outside, which .is also driven close down 
upon the shoulder of the other tenon of the spoke, 
which has been prepared to receive them. As these 
tenons pass quite through the fillies, they are secured 
by having wooden wedges driven into their centres, 
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whichhas the effect of making them very tight aod 
firm in the ring' of the wheel. When this m done, the 
wheelwright cleans ofl^ and finishes bis work. This he 
does by using a spoke-shave to those parts which are 
uneven at the joints in the fillies, and when he has 
brought them fair and smooth, he rubs off the whole 
with dried fish-skin and glass-paper, till be gets the wood 
to a smooth ground adapted to receive the paint 

The last, operation of the wheelwright in fiuishing a 
wheel, consists in putting on the iron-tire* The iron 
for making it is the flat bar-iron, in thickness and width, 
selected by the size of the ring of the wheel it is in- 
tended to cover. It is purchased of the iron merchant 
in bars of about twelve feet in length, by the hundred 
weight of 1 lilbs.; and varies in its price from sixteen 
shillings to one guinea per hundred. Such bars are cut 
into lengths equal to those of the fillies, they are then 
foiged and hammered to the sweep of the ring of the 
wheel, having perforations made at every eight or ten 
inches apart, to admit the nails through, which are in- 
tended to secure them on the outside of the ring of the 
w heel. The iron-tire fillies are placed so as to cross 
each joint in the wooden fillies, and the 'nails, by pass- 
ing quite through the latter, and being rivetted on the 
inside of it, tend exceedingly to strengthen the wooden 
ring of a wheel. The tire is also put on while red hot 
fropi the forger and the nails are driven through it, and 
the wooden filly in a similar state, which promotes i to 
firmness upon the wooden ring by burning down and 
compressing all bumps and other inequalities iu the 
wood. Hence, when it is done, the wood and iron, by 
this kind of compression, becomes impressed one into 
the other, and produces great compactness, solidity, *ud 
strength to the periphery of the wheel. 

The nails used for fastening the iron- tire on wheels 
are made on purpose for the work ; they have square 
heads, forming a cube of about three-quarters of an 
inch each w^y. The (hiving part is about five or six 
inches m length, made quite flat and Wedge-like, and 
they are larger or smaller In proportion to die size of the 
fillies and tire to be perforated and fixed by them* The 
coach wheelwrights - now, in their better-most kind of 
wheels, have the iron-tire drawn into one complete ring, 
exactly adapted to surround the wooden one of the 
wheeL This has been found not so much to strengthen 
the wheel as to give it greater neatness. There was 
a paten t obtained, about fifteen years <amce, for 
making the filly of the wheel in oh* pieces a method 
which had been long the practice in the North. The 
plan consisted in selecting beams of straight-grained 
ashen-wood, of the proposed size of the intended 
filly, and boiling it in a bath of Water until the wood 
became reduced almost to a state of pulp, when 
it was bent on a cylinder of die diameter of the intended 
ring of the wheel. After which, it was shaped, mor- 
tised, and fitted to the spokes, as before described. 
Such kind of wheels are still continued to be made by a 
Mr. Greenstreet, at Lambeth, but the) boiling the filly 
to give it its shape, greatly weakens it. Hence wheels. 


so made, are not in common. use; they, however, are 
neater, and, of course, look much better tjmu any 'wheel 
which can be made by the common method. The 
drawn iron-tire is always made pse of for 9uch wheels. 

The boxing of a wheel, aod adapting the axle-tree, is 
dope usually by the coach or tire smith. The box of a 
wheel consists in a hollow conical tube of iron; fur- 
I lushed on its outside with two or three square pro- 
! jections, which have die effect of giving it a key when 
; mortised through the nave of the wheel. The box is 
well polished on its inside, and the axle-tree if accurately 
formed to fit into it, with a sufficient play to admit of 
oil being introduced to modify the friction. 

The external ends of axle-trees, which pass through 
the boxes, are generally formed into screws, to which 
ate adapted nuts, of sufficient size to cover completely 
the external edges of the boxes of the wheels, which, 
with a linch-pin, that passes through both it and also 
the mortises in the axle-tree, completely secures the 
wheels to their work. 

The patent boxes to the mai\ coaches are of a differ- 
ent construction, and owe their safety to four bolts, 
which pass completely thropgh the nave of the wheel, 
having a square shoulder on die back of the nave, with 
screws and nuts on its front. The box to such a wheel 
is made, as are the other boxes above described, except 
being completely closed at its outer end, with a solid 
and broad cap of iron, of sufficient diameter to enclose 
completely the end of the nave. The axle-tree, too, is 
formed to fill the box, and press up close to this iron 
cap. There is also a large round iron flaunch made and 
welded to the base of the solid cone or axle, which 
Works in the box of the nave. This cap has four per- 
forations through which the iron bolts are put, and 
which also pass through the nave of the wheel with their 
screws presenting themselves through the iron cap at its 
outer end. When these bolts are all adapted and in 
their places, four nuts of about an iuch and a quarter 
square, are screwed on to them, the shoulders of which 
are supplied by the iron cap, which secures the axle- 
tree in the box, and holds up the wheel move firmly 
to its work than by any other plan now adopted. By 
this method no dirt can penetrate to impede tne motion 
or create friction, as the end of the cone of the working 
axle is completely enclosed, and when once the wheel is 
put on and properly oiled, it 19 found to go on in ijts 
work for a considerable time; for instance, the mail 
coaches go their longest journeys with oiling and rectify- 
ing in Lpndpu only, where it is always dpn$ by a con- 
tractor specially retained for that purpose. 

Collinge's patent box is of a similar construction, 
but being adapted to carriages of pleasure it was got 
up with greater neatness, being sometimes formed of 
solid silver on its outside, but mostly of brass or plated 
metal. Its principal object was to combine the pro- 
perties of the above bn*e§, with* some regard to ele- 
gance of shape, which has been accomplished. All the 
oaves of wheels are capped with a ferrule of iron on 
their large or but-end, and the smaller naves at both 
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their ends ; this is done to prevent their splitting when 
wedging in the iron boxes, and it is also of use to 
keep die weather from cracking and dilapidating them. 
The manufacture of all wheels, either to carriages of 
pleasure or of burden, partakes of a similar mode of 
manufacture, varying the weight and size of the ma- 
terials employed to their respective purposes. 

In the provinces, the business of wheel-wright and 
carpenter is frequently combined ; nor is this so much 
to be wondered at, if it be considered how large a 
proportion of their employ is embraced in making not 
only waggons and carts, but the machines for agricul- 
tural purposes, the most of which are manufactured 
at the wheel- wright’s. In London it is different, as 
there trades are almost respectively pursued. * The 
working tools of this tradesman do not differ greatly 
from those of a carpenter or joiner, but they are not so 
multiplied as is required by the latter. He is provided 
with two or three axes of different sizes, the largest of 
which is formed for cleaving and reducing his fillies 
and spokes to a rough form, approaching to what they 
are intended to be' when more finished. The other axes are 
made with a broad but narrow chopper and short handle, 
and ground to an edge from their concave or inside 
only ; their blade part is made convex on its outside, 
in order to its being applied to cut away the internal 
side of the fillies. The axes of the wheel-wright are 
kept uncommonly sharp, being whetted on a Turley 
stone, as their plane irons and other tools are. They 
have also an adze similar to a carpenter s, with abun- 
dance of all kinds of gouges and chisels, which differ 
only from the common tools of that description by 
being furnished with longer handles, and made some- 
what stronger. The handle is required to be longer, as 
the wheel-wright works on the floor at his work, and the 
additional length of his tool is for the purpose of 
enabling him to reach his labour more conveniently. 
His other tools consist of a numerous collection of 
augers of different sizes, varying from one-fourth of 
an inch diameter, to two inches or more ; these he re- 
quires to perforate the fillies of his wheels, as the mor- 
tices in them are always round; he has also a stock, 
with a collection of centre, dowelling, and pin-bits, as 
they are called. He has several different sized spoke- 
shaves, which are used to smooth and finish the dif- 
ferent portions of his work. The flat-iron, as it is 
termed, is also a tool much used by the wheel-wright ; 
it consists in a long and narrow strip of hardened iron, 
about an inch wide, turned up to receive a handle on 
each of its ends; with a tool of this description the 
spokes and other similar pieces of work are prepared. 

Their planes consist of a jack, trying, and smoothing 
plane, precisely the same as are in use among car- 
penters, and called after the same designations. Some 
portions of their work are occasionally moulded, to 
effect which they have a plane formed to produce it, 
and which is made exactly corresponding to a moulding 
plane of a joiner or cabinet-maker. Their hammers 
are of various sizes, some being very small, and others 


in size equal to that of a sledge, and they differ only 
from the common instruments of this description by 
being invariably made with a claw at one of their ends. 
It has been before observed, that this tradesman’s em- 
ploy includes as well as the making of wheels, that 
of carts, waggons, and implements in agriculture ; these, 
it must be obvious, will partake in their shape and 
make from local circumstances ; hence it is found that 
in almost every country a different manner is adopted, al- 
though the mechanical labour of the several parts is nearly 
every where the same. The machines employed in and 
I about London are manufactured with a greater proportion 
of iron (from the wear and tear of traversing the 
pavement), than is found td be requisite in parts where 
roads of the common nature prevail. Wooden axle- 
trees are by no means uncommon in the country dis- 
tricts ; but such axle-trees would not transport a slight 
load for an hour over die sudden jerks of a London 
pavement; hence machines of this description will 
always be formed to combine such advantages as are 
required from their local circumstances. 

To describe a London waggon would be of do im- 
portance to tbe country manufacturer, where such a 
machine is unnecessary, and to the London manu- 
facturer a country machine is not of tbe least utility. 
Our road-waggons certainly claim great attention, as 
combining all the properties of strength and lightness, 
but their wheels are badly formed. On this important 
point a paper has been presented to the Board of 
Agriculture, by Mr. Cumming, from which we shall 
here add some extracts : tbe same paper may be also 
further consulted by referring to the Repertory of Aits, 
vol. 13. page 257. 

€( The properties of all wheels, so far as regards 
this inquiry, depend upon their affinity to tbe cylinder or 
to tbe cone ; and in order to shew tbe nature and tendency 
of each class, it is necessary briefly to state such pro- 
perties as unavoidably arise from’ the form of these bodies. 
The cylinder having all its parts of equal diameter, 
will in rolling on its rim, have an equal velocity at 
every part of its circumference, and necessarily advance 
in a straight line. And as all the parts of the rim 
have an equal velocity, bone can have a tendency to 
drag forward or retard the progress of the others; 
they all advance with one consent, without the rubbing 
of any part on the surface on which they roll. As 
there is no rubbing, there can be no friction, and con- 
sequently a cylinder perfectly round, bard, and smooth, 
forms the least possible resistance, however great its 
weight, or the pressure on its rim. It therefore fol- 
lows, that all the power that is employed in drawing 
forward a cylindrical body in a straight line, on a com- 
pressible substance, is ultimately applied in compressing 
1 smooth and leveling the substance on which it rolls. 

| The rolling of a cylindrical body therefore can have no 
! tendency to alter the relative situation or position of the 
| parts of materials on which they pass, nor any how to 
■ derange them, but by r a progressive dead pressure to 
>| consolidate, level, and smooth them. If a cylinder be 
I .cut 
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cut transversely into several lengths, each part will pos- I 
seas all the above properties, and if the rim of a carriage J 
wheel be made exactly of the same shape it must neces- 
sarily have the same tendencies. When wheels, with I 
cylindrical rims, are connected hy an axis, the tendency ! 
of each being to advance in a direct line, they proceed 
in this connected state with the same harmony and unity ‘ 
of consent that exist in the parts of the same cylinder ; i 
but, as conical rims have been universally preferred for | 
a series of years, it is natural to suppose that there were | 
obvious reasons for such preference. The cone dimi- ; 
nishing" gradually from its base to its point, the velocity of 
every part of its circumference, in rolling on an even plane, 
will be diminished, as the diameter ; and at the very point 
where there is no visible diameter, it will have no per- 
ceptible motion ; but if the cone be made to advance 
in a straight line, the natural velocities of its several 


parts will not be as the spaces, therefore a nibbing and 
frictiou will take place at its circumference from the 
different velocities of its parts, which must render the 
draught heavier. Iu rolling on paved streets nothing 
can be conceived more calculated for their destruction 
than the conical rim of a broad wheel. It may be 
thought extraordinary that no good qualities should have 
heen imputed to the conical shape of a wheel, although 
sanctioned by universal preference for so many years. — 
“ But,” says Mr. Cumming, “ if any do belong to it ex- 
cept only the flat bearing of its whole breadth, I have 
not been so fortunate as to discover them.” He says, 
also, “ that conical wheels promote the destruction of 
the roads, increase the labour of the animals, and oc- 
casion an immense wearing of the tire of the wheels, 
by their constant dragging and grinding on the roads, 
none of which take place with cylindrical wheels.” 
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Tub iron of which wire is made is smelted from the 
rich ores of Cumberland and Lancashire, by wood 
charcoal, and from the state of pig iron. It is refined 
into maleable iron, also, by the use of the same fuel, 
bj which processes, and the entire use of wood, added 
to the excellent quality of the ore, the great ductility of 
wire iron is obtained. 

When produced from the forge in bars, it is rolled 
into sizes suitable to the particular purpose for which it 
is intended, and. being then softened or annealed by 
bent, is, when cold, scoured, by means of sand or 
gravel and water, in barrels formed for the purpose (aod 
turned on their axis by machinery), till it is quite bright 
and cleao, after which it is suffered to acquire a cover- 
ing of rust by being splashed with water. When well 
dned it is drawn through plates of steel, in which are 
made tapering holes of smaller diameter than the size of 
the iron to be drawn, the rust giving its surfsce sufficient 
roughness to carry grease into the hole with it to prevent 
any scratches on its surface. Thus, hy means of re- 
peated annealings, scourings, rustings, dryings, and draw- 
ings, it is brought to the sizes required, which in iron 
amount to thirty-six, known in trade by the numbers 1, 
S, 3, &c. 

The first process of drawing is performed by very 
strong pincers moved to and fro by machinery, but these, 


as they move only a little way, leave marks of their bite 
at short distances along the wire, which is obviated by 
the use of wheels or blocks which revolve horizontally, 
so that one end of the wire being fastened in a vice 
fixed at its circumference, the whole is drawn con- 
stantly forward from beginning to end without any mark, 
and, at the same time, is formed into its rings or coils 
round the block during its revolution. 

When the wire becomes too small to be scoured in 
barrels with gravel, without being tangled, it is obliged 
to be cleaned by means of diluted acid, when the pro- 
cess becomes again as before. 

The very fine sizes are, at the best works, finished by 
hand labour, a small block being worked bright, and 
polished till completed. 

The machinery employed is various at different works, 
but is chiefly remarkable for its strength, which is ren- 
dered necessary by the resistance that die iron affords to 
the tools. 

The process with steel is similar to that for iron. 

Brass and copper are prepared from the ingot, by 
rolling and slitting into strips or rods of the thickness 
and breadth necessary for the several sizes intended to be 
drawn; but the process of drawing is very similar to 
what has been described — See the article Gold-Beat- 
ing, &c. 
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This is a very ancient trade in our country, wool 
having been long reckoned one of its staple commodi- 
ties. The raw material, as it is well known, is the hair 
or covering of the sheep, which, when washed, and 
combed, and spun, and woven, makes worsted, many 
kinds of stuff, and other articles adapted to the use, the 
comfort, and even the luxuries of life. While the wool 
remains in the state in which it is shorn from the sheep’s 
back, it is called a fleece. Each fleece consists of wool 
of different qualities and degrees of fineness, which the 
wool-stapler, or the wholesale dealer in wool, sorts, and 
sells in packs, at different rates, to the wool-comber. 
For the London market, and for towns and villages in 
the neighbourhood of the metropolis, Bermondsey 
was formerly the resort of wool-staplers. The finest 
wool grows on and about the head of the sheep, 
and the coarsest about the tail. The shortest is on 
the head and some parts of the belly, the longest on 
the flanks. 

The fineness and plenty of our wool is owing, in a 
great measure, to the short sweet grass in many of the 
pastures and downs ; though the advantage of our sheep 
feeding on this grass all the year, without being obliged 
to be shut up under cover during the winter, or to se- 
cure them from wolves at other times, contributes not a 
little to it. 

Wool is either shorn, while the sheep is living, or 
pulled off after it is dead. In the first case, it is called 
fleece-wool ; the other sort, called skin-wool, if very 
short, is used much in the manufacture of hats. See 
Hat-Making. 

Wool, in the state in which it is taken from the sheep, 
is always mixed with a great deal of dirt and foulness of 
different kinds, and, in particular, is strongly imbued 
with a natural strong-smelling grease. These impurities 
are got rid of by washing, fulling, and combing, by 
which the wool is rendered remarkably white, soft, 
clean, light, and springy under the hand. When boiled 
in water for several hours in a common vessel, wool is 
not in any way altered in weight or texture, nor does the 
water acquire any sensible impregnation. 

The wool intended for the manufacture of stuffs is 
brought into a state adapted for the making of worsted 
Jby the wool-comber, who having cleared it from all 
impurities, and well washed it with soap and water, 
to drain it as much as possible from its water, he puts 
one end of a certain quantity on a fixed hook, and 
the other on a moveable hook, which he turns round 


with a handle, till all the moisture be completely forced 
out. It is then thrown lightly into a basket that is 
pretty open at tbe sides, as well as at the top. When 
he comes to use it with the comb, he scatters a few 
drops of oil on each layer of wool, as it is spread out, 
and then puts it closely together into a bin that is 
situated immediately under the bench on which he sits 
to work. At the back of the bench is another bin 
for the refuse wool, or noyles as it is called, that is, 
the part of the wool tlipt is left on the comb after the 
sliver is drawn out. 

The comb used in this trade consists of three rows 
of highly tempered and polished steel, fixed in a long 
handle of wood, and set parallel to one another. 
Each comber has two combs which be fills with wool 
and then works them together, till the wool on each 
is perfectly fine and fit to draw out in slivers. The 
best combs of this kind are manufactured at Ha/i/ax* 
in Yorkshire. In using .these combs, the workman 
has a pot made of clay with holes in its side, in wbieh 
he beats them to a certain temperature before they 
cau be made to pass readily through the wool. Each 
comb-pot is made to hold eight combs, so that four 
men usually work in one compartment of the shop, 
round a single pot ; of course there must be four se- 
parate benches, bins. See. m it. 

When the wool is sufficiently worked on tbe combs, 
tbe workman places -one comb and then the other on 
a spike placed in the wall, or in a pillar attached to 
the wall, at a proper height for him td draw it out as 
be stands. The wool thus drawn out is called a stiver, 
and is from five to six or seven feet in length. 

Wool-combing is preparatory to the manufacture of 
worsted yarn, and is the first process towards the 
making flannels, serges, stuffs, baize, &c. The manu- 
factures connected with and depending upon this trade, 
are very important in foreign as well as domestic com- 
merce. Hence wool-combers have in various instances 
been encouraged 'and protected by particular acts of 
parliament : thus by an act in the 35th of the present 
reign, all those who have served an apprenticeship to 
the trade of a wool-comber, or who are by law en- 
titled to exercise the same, and also their wives or 
children, may set up and exercise such trade, or any 
other trade that they are equal to, in any town or place 
within the kingdom, without any molestation ; nor shall 
such wool-combers, their wives and children, while 
they exercise such trades be removeable from such 
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place to their last place of settlement, till they actually 
become chargeable to the parish. 

' The wool being combed, it is neat spun, which is 
now usually performed by machinery on a large scale, 
but when done by band it is the employment of 
women and children : it is then to be wound on to 
little wooden articles called spoles, and these to the 
number of several hundred at a time, are put upon 
spindles placed round a mill, and worked into skeins 
of proper size for sale. They are now washed in i 
soap and water, thoroughly dried, and if to remain 
undyed and white, they are blanched with the fumes 
of burning sulphur, and made up by the master comber 
er ins principal man or men, when it is fit for sale. 
Such is the wool-combing for worsteds. 

A pack of wool weighs 240ibs., and it is said, it , 
will employ more than sixty persons a full week to 
manufacture it into cloths, viz. three men to sort, dry, 
mix, and make it ready for the comber or carder, 
where cards are used instead of combs ; five to scribble 
it; thirty-five women and girls to card and spin it; 
eight to weave it ; four to spole it ; and eight to scour, 
mill, pack, and press it. When wool vis to be made 
into stuffs, serges, 8tc., it will employ two hundred 
persons ; and when made into stockings, it will afford 
work for a week to one hundred and eighty-four 
persons, viz. ten combers, one hundred and two spin- 
ners, winders, &c. and sixty stocking-weavers, besides 
doublers, throwers, and a dyer. 

The price of wool, in this country, was in very 
early times, much higher in proportion to the wages 
of labour, than it 19 at present, because till the time 
of Edward HI. it was always exported raw, the art 
of working it into cloth and dyeing it being imperfectly 
known here. The first steps taken to encourage the 
manufacture of woollen cloths was by Edward HI., who 
procured some good workmen from the Netherlands 
by means of protection and liberal encouragement. 
The valae of wool was considered as so great, that ! j 
taxes were received in that commodity, reckoning by I 
the number of sacks, and in proportion to the price ! 
of the necessaries of life, and the value of silver was 
at least three times dearer than it i9 now. The manu- 
facturing of cloth being once introduced into the coun- 
try, the policy of preventing the exportation of the raw 
material was soon evident, and tile first act was in 
the reign of Henry IV.; by which the exportation of 
sheep, lambs, or rams is forbidden under heavy pe- 
nalties. By a statute, in the 28th of the present reign, 
all former statutes respecting the exportation of wool 
and sheep are repealed, and numerous restrictions are 
consolidated in that statute ; for an account of which 
we must refer to the act itself. 

At the present period vast quantities of wool are f 
imported from foreign countries: to give the reader an 
idea of the wool imported, we shall transcribe, from 
the Repertory of Arts, Vol. XII., an account of the 
wool purchased in foreign countries in the years 1 802, 
3, and 4, and employed in our manufactures of the 
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finest woollen goods. In die statement, which is 
curious and very important, is included the probable 
expense to this country of the wool so purchased. 

In the three years specified, there were imported, of 
Spanish wool, directly from Spain, 16,986,644 lbs. 


Holland, . 

. 403,400 

Portugal, 

400,723 

Gibraltar, 

288,274 

France, . 

232,222 

Germany, 

122,150 

America, 

10,567 

Prussia, . 

...... 3,357 

Denmark, 

381 


Total . 18,467,718 lbs. 

Of this quantity, about 15,307,718 lbs. were im- 
ported in Spanish or neutral vessels, and the remaining 

3.160.000 lbs. in English vessels. 

Of the quantity imported in Spanish or neutral 
vessels, about 15,141,900 lbs. were sheeps’ wool, 
and 165,778 lbs. lambs’ wool. Of the sheeps’ wool 
the proportions were, of the R, or first sort, 
about 12,000,000 lbs. ; of the F, or second sort, 
about 2,000,000 lbs. ; of the T, or third sort, about 

1.127.000 lbs.; and of the K, or coarser sort, about 
J 4,920 lbs. 

r I he average prices given for these wools by the 
clothiers in England were nearly as follow’s : 

<£. 

R, sheeps’ wool, 1 2,000,000 at 6s. per Jb. 3,600,000 
F, ditto, . . 2,000,000 at 5s. . . 500,000 

T, ditto, . . 1,1 27,020 at 4s. 6d. . 253,579 

K, ditto, . . 14,920 at Ss. . . 2,238 

Lambs’ wool, . 165,778 at 4s. 3d. . 35,227 

15,307,718 lbs. <£4,391,044 

These <£4,391,044. were the sum paid by our clo- 
thiers for this wool. What the merchants’ profit might 
be is not presumed to be determined ; but if we allow 
15 per cent, inclusive of interest, or .£658,656. the 
remainder, or .£3,733,288. will be the sum actually 
paid out of the kingdom for this part of the imported 
wool. 

Besides these quantities, there were imported in Bri- 
tish vessels about 3,l60,000lbs. of Spanish wool; of 
which the respective proportions were, probably, nearly 
as follows : — 

R, sheeps’ wool, 2,477, 182lbs. at 6s. .£743,154 
. F, ditto, . . . 412,864 at 5s. 103,216 

T, ditto, . . . 232,652 at 4s. 6J. 52,346 

K, ditto,. . . 3,079 at 3s. . . 461 

Lambs’ woo), 34,223 at 4s. 3d . 7,272 

3,160,000 .£.906,449 

From the gross amount of the latter sum, which is 
what is paid by the manufacturer, there must, in thhr 
case, be deducted not only the merchant’s profits, but 
also the expenses of freight and insurance.. These can- 
not with any accuracy be stated.. 

There 
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There , were brought into England, within the same 
period, from Germany, 56l,604lbs. of wool, not called 
Spanish, but a great deal of which was of die same 
quality. 

* There is the same difficulty with regard to 6l3,059lbs. 
of wool imported from Africa and the Cape of Good 
Hope. 

From Portugal there came also 486,124lbs., the 
greater part of which was probably equal to the third, 
or even the coarser second sorts of Spanish wool. 

From these data, gross as some of them are, little 
doubt can be entertained, that during the three years in 
question, Great Britain paid to foreign countries for the 
wool winch was the chief basis of its fine woollen manu- 
factures, at least <£4,700,000, or upwards of «£ 1,560,000 
per annum. 

Having referred to machinery introduced into the 
wool-combing business, for which several patents have 
been taken by different persons, we shall give an account 
of that invented by the very ingenious Mr. Edmund 
Cartwright, to whom the manufactures of this coun- 
try are, in many particulars, much indebted. In 'de- 
scribing his own machine, Mr. C. says, “ it is the first of 
the kind ; at least, all former attempts, if there have 
been any, must have proved abortive, as, previously to 
my invention no wool was ever known to have been 
combed any other way than by the slow and extensive 
process of hand labour." He then goes on to shew the 
importance of his machinery from the vast magnitude of 
the woollen manufactures, stating that there cannot be 
less than from 3 to 400,000 packs of wool worked up, 
of which the average expense of combing is estimated 
at from <£800,000 to a million. He says, he obtained 
his first patent in April, 1 790, his second in the De- 
cember following, but that it was not till nearly two 
years afterwards that his machine was .brought to its then 
(1792) state of simplicity and perfection. By this in- 
vention, the wool, if for very nice operations, goes 
through three operations, otherwise two are sufficient 
The first opens the wool, and makes it unite into a 
rough sliver, but does not clear it. The clearing is 
performed by the second, and, if necessary, by a third 
operation. A set of machinery, consisting of three ma- 
chines, will require the attendance of one overseer and 
ten children, and will comb a pack, or £40lbs., in 
twelve hours. As neither fire nor oil is necessary for 
machine combing, the saving in these articles will, in 
general, pay the wages of the overseer and children, so 
that the actual saving to the manufacturer is the whole 
of what the combing costs by the old mode of hand- 
combing. The patentee contends also that machine- 
combed wool is better, especially for machine-jpmm/zg, 
by at least twelve per cent. ; being all equally mixed, 
the slivers uniform, and of any required length : and it 
makes much less noyle than any hand-combing whatever. 
The machinery invented by Mr. Cartwright may be 
thus described: — It cousists of what he calls, 1st. A 
crank-lasher ; 2d. A circular clearing-comb; and, 3d. 
A comb-table. 


In the crank-lasher there is a tube, through which the 
material being drawn into a sliver, and slightly twisted, 
is drawn forward by delivering rollers. There is a 
wheel fast upon the cross-bar of the crank ; and another, 
on the opposite end of whose axis is a pinion working 
in a wheel upou the axis of one of the delivering rollero. 
Ihe clearing-comb, for giving work in the head, is car- 
ried in a frame by two cranks. The comb-table having 
the teeth pointing towards die centre, is moved by cogs 
upon the rim, and carried round upon trucks, like the 
head of a wind-mill : in this there are drawing-rollers 
and conducting-rollers. 

To the introduction of this machinery there was a 
violent opposition, which the inventor naturally expect- 
ed, as it tended to throw out of employ 50,000 combers, 
and was likely to ruin all the master wool-combers on a 
small scale, who, perhaps, had neither property nor en- 
terprise to engage in works so extensive as to afford em- 
ployment for a set of machinery. 

Notwithstanding die introduction of Mr. Cartwright’s 
machines, and others intended for die same purposes, 
there is still a great deal of wool combed in the old waj, 
in different parts of tbe kingdom, we shall, therefore, 
mention a curious custom which still exists among the 
journeymen iu that business. When any of them are 
out of employ, they set out iu search of a master, with 
a sort of a certificate from their last place. This is 
called going on the tramp , and at every shop at which 
they call, and can get no work, they receive each a 
penny, which is given from the common stock raised by 
the workmen in that shop. . 

The invention of wool-combing is ascribed to Bishop 
Blaize, who, on that account, is looked up to as the 
patron saint of the trade, and, in honour of whom, a 
splendid festival is annually kept by the whole body of 
wool-combers in this kingdom, on the third of Febru- 
ary. 

We shall conclude this article, and our volume, with 
a very brief account of some of the chemical properties 
of wool. 

Some of the simple chemical properties of wool have 
been examined by M. A chard, and compared with the 
corresponding properties of the hair of different ani- 
mals. The copious generation of oxalic acid by treat- 
ment of wool with nitric acid, has been particularly de- 
scribed and explained by M. Berthollet, in bis beautiful 
researches on animal matter; and tbe great solvent 
power of the caustic fixed alkalies, has been happily 
applied to some use by M. Chaptal, as a saponaceous 
compound. 

The action of the nitric acid on wool is very curious. 
When cold, this acid not only disengages a large quan- 
tity of azotic gas, but, when warmed, much nitrous gas 
is given out, and, at least, two new acids are formed, 
viz., the malic and the oxidic ; the latter is in greater 
abundance than even from sugar and nitrous acid, or 
any other hydro-carbonous basis. A small scum of a 
peculiar oil always arises during the action of nitrous 
acid on these animal substances. 

The 
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The carbonated alkalies have little action on wool, 
but the caustic fixed alkalies, when digested with it, 
speedily weaken its fibre, reduce it to a soft gelatinous 
pulp, and, finally, make a perfect solution. The alkali, 
at the same time, loses its alkaline properties as it 
does in common soap. This saponaceous solution of 
wool is made for experiment in a few minutes by boil- 
iug bits of wool or flannel in a caustic alkaline solution ; 
and it has been recommended by Chaplal to be em- 


ployed instead of common soap in cleansing cotton and 
other goods in manufactures, as, by this means, a num- 
ber of refuse bits and clippings of wool and woollen 
cloth which are now thrown away may be put to some 
use. This soapy solution does not lather well when 
agitated with water, nevertheless, it acts very powerfully 
in cleaning cloth. It has a strong and somewhat offen- 
sive smell, which is left at first in the cloth, but goes 
off by short exposure to the air. 
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GEOMETRY is the science and doctrine of local ex- j 
tension, of lines, surfaces, and solids, with that of ratios. 

The name geometry literally signifies measuring of ; 
the earth, as it was the necessity of measuring the 
land that first gave occasion to contemplate the prin- 
ciples and rules of this art, which has since been ex- 
tended to numberless other speculations; insomuch, 
that together with arithmetic, geometry forms now the 
chief foundation of all the mathematics. 

Geometry is distinguished into theoretical or specu- 
lative and practical. 

Theoretical or speculative geometry, treats of the 
various properties and relations in magnitudes, de- 
monstrates theorems, &c. 

And practical geometry, is that which applies those 
speculations and theorems to particular uses in the 
solution of problems, and in the measurements in the 
ordinary concerns of life, which is the. subject of the 
present article. 

We shall now proceed to give the principles of prac- 
tical geometry, beginning with 

Geometrical Definitions.— A geometrical 
point has neither length, breadth, nor thickness. From 
this definition it may be easily understood that a geome- 
trical point cannot be seen or felt ; it can in fact only 
be imagined. A point is only to mark the place 
whence a line is to begin, or where it is to end. And 
this point or mark may be made as small as possible, 
provided it be still distinct, that the length of lines 
and their meetings and intersections may appear plainly, 
and from this sort of convenience has arisen the 
phrase that is supposed to describe its essence, viz., that 
it is mthout parts. 

This idea has nothing to do with the reasoning ; all 
that is necessary is, that the point , dot or mark should 
take up no sensible part of the line, in order that the 
diagram may be distinct. Points then are only sub- 
servient to the convenience of construction. 

A line is length without breadth or thickness ; this 
definition will present no difficulty, if the preceding 
be well comprehended ; for drawiug any line as narrow 
as convenience will admit, and the geometrical figure 


or diagram will be the clearer ; and there is no neces- 
sity to conceive length without breadth. 

The extremities of a line are points. 

A right line, or what is most commonly called a 
straight line, is that which traces the shortest distance 
between its extreme points, or one that tends every 
where the same way. 

A crooked line is that which consists of straight 
lines not continued in the same direction. See Fig . 1, 
Plate Geometrical Definitions. 3 

A curved line is that of which no portion is a straight 
line. Fig . 2. 

A plane rectilineal angle is the inclination of two 
straight lines \p one another, which meet together, but 
are not in the same straight line. 

To abridge the reference, it is usual to denote an 
angle by tracing over its sides ; the letter at the vertex, 
which is common to them both, being placed in the 
middle. 

Thus the angle contained by the straight tines A B 
and B C, (Fig. 3), or the opening formed by the re- 
volution of B A about the point B into die position 
B C, is named ABCorCBA; or, in short, as die 
angle B. 

Also, Fig. 4, there are two angles, and each formed 
about the point B, and named A B C, C B D or 
CB A, DBC. 

A right angle is the fourth part of an entire circuit 
or revolution, as A B C, Fig. 5. 

The sides of a right angle are said to be perpendi- 
cular to each other. 

Beginners are sometimes very apt to confound the 
terms perpendicular, and plumb or vertical line. A 
line is vertical when it is at right angles to the plane 
of the horizon, or level surface of the earth, w to the 
surface of water which is always lefvel. The sides of 
a house are vertical. But a tine may be perpendicular 
to another, whether it stands upright, or inclines to 
the ground, or even if it lies flat upon it, provided 
only that it makes the two angles formed by meeting 
with the other line equal to each other. 

An acute angle is less than a right angle. Fig. 6. 

An 
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An obtuse angle ia greater than a right angle. Fig. 7. 

One side of an angle forma with the other produced 
a supplemental or exterior angle ; thus the angle ABC, 
( Fig. 8), ia supplemental to the angle A B D, and 
the angle A B D supplemental to the angle ABC. 

A vertical angle ia formed by the production of both 
its sides; thus in Fig. 9> if the sides of the angle 
1> E B are produced to A and C respectively, then 
D E B, A E C, are called vertical angles, and they 
are always equal to one another. 

Two straight lines are said to be inclined to each 
other, if they meet when produced, and the angle 
so formed is called their inclination ; thus in Fig. 10, 
the lines A C, B D, are said to be inclined to each 
other, because when they are produced they intersect 
eafch other in E, and the aogle A E B is said to be 
their inclination . 

Straight lines which have no inclination are termed 
parallel lines, as Fig. 1 1 . 

A figure is a plane surface included by a linear 
boundary called its perimeter. 

Of rectilineal figures the triangle is contained by 
three straight lines. 

An equilateral triangle is that which has all its sides 
equal; thus in Fig. 12, the triangle A B C is said to 
be equilateral, because the sides A B, B C, and C A, 
are each equal. 

An isosceles triangle is that which has only two of 
its sides equal: thus the triangle at Fig. 13, is termed 
isosceles, because the sides A B and A Care equal. 

A triangle whose sides are unequal is named scalene; 
thus in Fig . 14, (he sides A B, B C, and C A are 
all unequal. 

A right angled triangle is that which has a right 
angle ; thus in Fig. 15, the angle A B C is a right 
angle. 

An obtuse angled triangle is that which has an obtuse 
angle; thus in the triangle ABC, Fig. 16, the angle 
B A C is an obtuse angle. 

An acute angled triangle is that which has all its 
angles acute. Fig. 17. 

A quadrilateral figure is contained by four straight 
lines. : 

Of quadrilateral figures, a square has one right 
angle, and all its sides equal. Fig. 18. 

An oblong has one right angle, and its opposite 
sides equal. Fig. 19. 

A rhombus has all its sides equal. Fig. 20. 

A rhomboid has its opposite sides equal. Fig. £1. 

A trapezium is a quadrilateral which has not its 
pairs of opposite sides equal. Fig . 22. 

A trapezoid has only one pair of opposite sides 
parallel. Fig . 23. 

The straight line which joins obliquely the opposite 
angular points of a quadrilateral figure, is named a 
diagonal ; thus in Fig. 24, B D is termed the dia- 
gonal. 

A rectineal figure having more than four sides, bears 
the general name of a polygon, and receives particular 


names according to die number of their sides or angles, 
as pentagon, hexagon, fee. 

A pentagon is a polygon of five sides, Fig. 25: a 
hexagon has six sides, Fig. 26 ; a heptagon seven, Fig. 
27 ; an octagon eight, Fig. 28 ; a nonagon nine, Fig. 
29; a decagon ten, Fig. SO; an undecagon eleveu, 
Fig. 31 ; and a dodecagon twelve sides, Fig. 32. 

A polygon is regular when it has all its sides and 
all its angles equal. If they are not both equal, the 
polygon is irregular. 

An equilateral triangle is also a regular figure of 
three sides, and the square is one of four ; the former 
being called a trigon , Mid the latter a tetragon. 

A circle is a plane figure described by the revolution 
of a straight line about one of its extremities. 

The fixed point is called die centre of the circle; 
the describing line its radius , and the boundary traced 
by the remote end of that line its circumference ; thus 
in Fig. 33, the point J> is the centre, and A B the 
radius. 

The diameter of a circle is a right line drawn 
through the centre, and terminating io the circum- 
ference on both sides ; thus in Fig. 34, the line C E D 
passes through the centre E, ami is terminated by the 
circumference. 

An arc of a circle is any part of its circumference. 

A chord is a right Hoe joining the extremities of 
an arc ; thus Fig. 35, A B is the chord. 

A segment is any part of a circle bounded by ail arc 
and its chord ; thus A is a segment in Fig. 36 . 

A semicircle is half the circle, or a segment cut off 
by a diameter ; so in Fig. 37, A is a semicircle. 

A sector is any part of a circle bounded by ad arc, 
and two radii drawn to its extremities ; see B, Fig. 38. 

A quadrant or quarter of a circle, is a sector havipg 
a quarter of die circumference for its arc, and its two 
radii are perpendicular to each other. Fig. 39, A C, 
C D are perpendicular to each other; and the are 
A B D is a quarter of the whole circumference. 

A tangent is a straight line, drawn so as iust to 
touch against a circle without cutting it, as A C B, 
Fig. 40. .The point A when it touches the circle is 
called the point of contact. And a tangent cannot* 
touch a circle in more than one point. 

The base of a figure is the side on which it is sup* 
posed to stand erect, as A Bln Figs. 41 and 42. 

The altitude of a figure is its perpendicular height 
from the base to the highest part, as G D in Figs. 41 
and 42. 

A solid is any body that has length, breadth and 
thickness. A topic, for instance, is a solid; so also 
is a sheet of paper; for though its thickness is very 
small, yet it possesses some thickness. The boundaries 
of a solid are surfaces. 

Similar solids are such as are bounded by an equal 
number of similar planes. 

A prism is a solid, of which the sides are paral- 
lelograms, and the two ends or bases are similar po- 
lygons, parallel to each other. Prisms are denominated 

according 
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according to the number of we%h& in die base, trian- 
gular prism, quadrangular, beptangular, and so on. 
Fig . 43 is a triangular prism. 

Figs . 44, 45 and 46 are quadrangular prisms, usually 
termed paralleloptpeds. 

A rhomboid is an oblique prism, whose bases are 
paralletopams. Fig. 47* 

A cylinder is a solid { Figs. 48, 49,) formed or gene- 
rated by the rotation of a rectangle about one of its 
sides, supposed to be at rest ; this quiescent side is 
called the axis of the cylinder. Gr it may be conceived 
to be generated by the motion of a circle in a direction 
perpendicular to its surfaces, and always parallel to 
itself. 

A cylinder is either right or oblique, as the axis is 
perpendicular to the base or inclined ; thus Fig. 48 is 
a right and Fig* 49 an oblique cylinder. 

Fig. 50 represent* a hollow cylinder ; it may be con- 
ceived to be formed by boring a hole through die centre 
of a cylinder. 

Fig. 51 represents the section of a cylinder cut off 
by a plane parallel to the axis. 

Fig. 52 represents the sector of a cylinder contained 
by two planes forming an angle, and the curved sur- 
face of the cylinder; the line of concourse of the 
planes being parallel to the axis of the cylinder. 

A pyramid ( Figs. 55, 56 and 57,) is a solid bounded 
by or contained within a number of planes, whose 
base may be any polygon, and whose faces are ter- 
minated in one point, commonly called the vertex of 
the pyramid. 

When the figure of the base is a triangle, it is called 
a triangular pyramid ; when the base is a quadrilateral, 
it is called a quadrilateral pyramid, and so on. 

A pyramid is either regular or irregular, according 
as the base is regular or irregular. 

A pyramid is also right or upright, or it is oblique. 
It is right, when a line drawn from the vertex to the 
centre of the base is perpendicular to it, as Figs . 55 
and 56; and oblique when this line inclines, as in 
Fig. 57. 

A cone is a solid (Figs. 58, 59,) having a circle for 
its base, and its sides a convex surface, terminating in 
a point, called the vertex or apex of the cone. It 
may be conceived to be generated by the revolution of 
a right angled triangle about its perpendicular. 

A line drawn from the vertex to the centre of the 
base is the axis of the cone. 

When this line is perpendicular to the base, the cone 
is called an upright, or right cone, as Fig. 58; but 
when it is inclined it is called an oblique cone, as 
Fig. 59. 

* If it be cut through the axis from the vertex to the 
base, the section will be a triangle. 

if a right cone be cut by a plane at right angles to 
the axis, the section will be a circle. 

If it be cut oblique to the axis, and quite across 
from one side to the other, the section will be an 
sllijpm, as Fig. 60. 


When the section is made parallel to one of the sides 
of the cone, as Fig. 61, the curve which bounds the 
seed on is a parabola. 

When the section is taken parallel to the axis, as 
Figyp&y the curve is called an hyperbola. 

These curves, which are formed by cutting a cone 
m different directions, have various properties, which 
are of great importance in astronomy, gunnery, per- 
spective and many other sciences. Their description 
in plans are exhibited in Problem* 27, 28, 29 and 30, 
of Practical Geometry. 

A sphere is a solid, terminated 'by a convex surface, 
every point of which is at an equal distance from s 
point within, called the centre, Fig. 63. 

It may be conceived to be formed by making a semi- 
circle revolve round its diameter. This may be iDns- 
trated by the process of forming a ball of day by die 
potter’s wheel, a semicircular mould being used for 
the purpose. The diameter of the semicircle round 
which it revolves, is called the axis of the sphere. 

The ends of the axis are called poles. 

Any line passing through the centre of the sphere, 
and terminated by the circumference, is a diameter of 
the sphere. 

Every section of a sphere is a circle ; every section 
taken through the centre of the sphere is called a great 
circle ; every other is called a lesser circle. 

Any portion of a sphere cut off by a plane, » called 
a segment; and when die plane panes through the 
centre, it divides the sphere into two equal parts, each 
of which is called a hemisphere. 

A spheroid is a solid, (Fig. 64,) generated by the 
rotation of a semi-ellipsis about the transverse or con- 
jugate axis ; and the centre of the ellipsis is the centre 
of the spheroid. 

The line about which the ellipsis revolves, is 
the axis. If the spheriod be generated about the conju- 
gate axis of the semi-ellipsis, it is called prelate sphe- 
roid. 

If the spheroid be generated by the semKeUipses re- 
volving about the transverse axis, it is called an oblong 
spheroid. 

Every section of a spheroid is an ellipsis, except when 
it is perpendicular to that axis about which it is gene- 
rated ; in which ease it is a circle. 

AH sections of a spheroid parallel to each other, are 
similar figures. 

A frustrum of a solid means a piece cut off from the 
solid by a plane passed through it, usually parallel to the 
base of the solid, as the frustrum of a cone, a pyramid , 
&c. &c. 

There are a lower and an upper frustrum, according 
as the piece spoken of does or does not contain the base 
of the solid. 

Ratio is die proportion which one magnitude bears to 
another of the same kind, with respect to quantity, and 
is usually marked thus, A : B. 

Of these, the first is called the antecedent, and the 
second the consequent. 

Tbs 
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• The measire or quantity of a ratio it conceived by 
considering what part of the consequent is the ante* 
cedent; and it is obtained by dividing the consequent by 
the antecedent. 

Three magnitudes or quantities! A, B, C, are said 
to be proportional, when, the ratio of tbe first to the 
second is tbe same as that of the second to the third. 
Thus £, 4, 8 are proportional, because 4 is contained 
in 8, as many times as 8 is in 4. 

Pour quantities A, B, C, D, are said to be propor- 
tional, when the ratio of tbe first A to the second B 
is the same as the ratio of the third C to the fourth D. 
It is generally written A : B : : C : D, or if expressed 
in numbers £ : 3 : : 4 : 6. 

Of three proportional quantities, the middle one is 
said to be a mean proportional between the other 
taro ; and the last a third proportional to tbe first and 
second. 

Of four proportional quantities, the last is said to 
be a fourth proportional to the other three taken in 
order. 

Batin of equality is that which equal numbers bear 
to each other. 

Inverse ratio is when the antecedent is made the 
consequent, and the consequent tbe antecedent. Thus 
if £ :4 : : 6 : l£, then Inversely 4* £ : : 12 : 6. 

Alternate proportion is when antecedent is com- 
pared with antecedent, and consequent with conse- 
quent. Thus if 4:£r: 1£;6, then by alternation 
4 : 1 £ : : £ : 6 . 

Proportion by composition is when the antecedent 
and consequent, taken as one quantity, are compared 
either with the consequent or with the antecedent. 
Thus if 4 : £ : : 1£ : 6, then by composition 44-2 
: « : : i£+ 6 : 6, and 4 + £ : 4 : : l£-H> : !£. 

Divided proportion is when the difference of the ante- 
cedent and c on seque nt is compered either with tbe con- 
sequent or with tbe antecedent. ' Thus if 3 : £ : : 9 : ' 6 ; 
then by division 3— £ ; £ : : 9—6 : 0, and 3 — & : 3 : : 
9 — 6 : 

Centmoed proportion is when the first is to the 
second as the second to the third ; as the third to the 
fourth ; as the fourth to the fifth j and so on. 

Compound ratio is formed by the mukiplicatioo of 
several antecedents and the sevend consequents of ratios 
togetbet, in the following manner : 

M A be to B as 3 to 5, B to C as 5 to 8, and C to 

D as 8 to 6; then A will be toDm ? * f * 

5x8x6 £40 £ 

that is A : D : : 1 : £. 

Bisect means to divide any thing into two equal 
parts. 

Trisect is to divide any thing into three equal 
parts. 

Inscribe , to draw one figure within another, so that 
all angles of the inner figure touch either the angles, 
aides, or planes of the external figure. 

Circumscribe , is to draw a figure roUnd another, so 
that either the angles, sides, or planes of the chr- 


ffl» 

cumscrjbing figure, touch all the angles oftterfigurt 
withta it. 

Rectangle under any two lines, means a rectangle 
which has two of its sides equal to one of the lines, 
and two of them equal to the other. Also tbe rectaugle 
under A B, C D, means ABxCD. 

An axiom is a manifest truth, not requiring any de- 
monstration. 

Postulates are things required to be granted true, 
before we proceed to demonstrate a proposition. 

A proposition is whaa something is either proposed 
to be done, or to be demonstrated, and is either a 
problem or a theorem. 

A problem is when something is proposed to be 
done, as some figure to be drawn. 

A theorem is when something is proposed to be de- 
monstrated or proved. 

A lemma is when a premise is demonstrated, in 
order to render the thing in hand the more easy. 

A corollary is an inference drawn from the demon- 
stration of some proposition. 

A scholium is when some remark or observation is 
made upon something mentioned before. 

The sign = denotes that the quantities betwixt which; 
it stands are equal 

The sign + (plus) denotes that the quantity after it ’ 
is to be added to that immediately before it. 

The sign — (minus) denotes that the quantity after 
it is to be taken away, or subtracted from the quantity, 
preceding it. 

Practical Geometry. 

Problem 1. To bisect a given angle. 

In A B, Fig . 1, take any two points B, D; from 
A E cut off AC equal to A B, and A E- to 
A D ; join the alternate lines B B and D C inter- 
secting in the point F ; join A F and it wiH Insect the 
angle D A E as required. 

1 Otherwise : In Fig . £, trice A B and A C equal to 
each other ; and frotai these points as centres, and with 
any distance as radius describe two arcs intersecting 
each other in D ; join D A and it will bisect the origin 
B A C as required . 

Problem £. To bisect a given finite straight line. 

Let A B, Fig . 3, be the right line which it is re- 
quired to bisect ; and from one of its extremities as A, 
draw A F forming any angle with A B; ate! make 
A C—C Dzz D F of any convenient length ; join F B 
and continue it beyond B till B G be equal to BFj 
lastly, join G C which wiH bisect A Bin the point E. 

Otherwise : From the points A and B as centres, ' 
Fig . 4, and with any distance or opening of the com* 
passes, greater than half A B, describe arches In- 
tersecting each other in C and D. Draw the line €D; 
and the point E, where it cuts A B, will be the 
middle as required. 

Problems . Through a given point, to drawn Hoe 
parallel to a given straight line. 

Let A B, Fig . 5, be the given line, and F the gives* 
point. In A B take any two points C, D; jam F G 
7 R which 
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which produce till C E be equal to it; again join E 
with the point D, and continue till D G be equal 
to D E ; then F G being joined, will be parallel to 
A B. 

Otherwise : In Fig. 6, take any point D in the pro- 
posed line, and with the centres C, F, and distance 
C F, describe the arcs F D, C G ; then again with 
centre C and distance C G equal to D F describe an- 
other arc, intersecting the arc C G in G ; join F G, 
and it will be parallel to A B. 

Problem 4. From a point in a given straight line, 
to erect a perpendicular. 

In Fig. 7, let C be the proposed point, and A B 
the straight line. In A B take any other point D, and 
draw D E equal to D C, forming with A B any angle 
whatever ; join E C and produce it until C E be equal 
toCDorDE; make C G equal to C E ; join G E 
and produce this till F E be euual to C E ; join F C, 
and it will be perpendicular to A B. 

Otherwise : In Fig. 8, take C D equal to C E, and 
with centres D and E, and any convenient distance 
greater than CEor CD, describe two arcs intersecting 
each other in F ; join F C and it will be perpendicular 
to A B, as was required. 

Again, when the point is near the extremity of the 
line, as in Fig . 9, take any point D above the line, 
and with centre D and distance D C describe the cir- 
cular arc A C F meeting A B again in A ; join A D 
and produce it to meet the circular arc in F ; join F C 
and it will be the required perpendicular. 

Another method, when the proposed point C is at 
the extremity of the pven straight line, Fig. 10, iu 
A C take any other point B ; and with centres B and 
C and distance equal to B C describe two arcs inter- 
secting each other .in D; join B D which produce 
till D F— B D ; job F C and the thing required is 
done. 

Problem 5. To let fall a perpendicular upon a given 
straight line, from a pobt without it. 

In Fig. 11, let F be the pobt apd A B the line. 
In this lute take any point D ; and draw D G obliquely, 
and make D H=D Gz= D E ; job G H and produce 
it till H I be equal to H E; make H K=H G job 
I K, and (Problem 3) draw F C parallel to it: F C is 
the perpendicular required. 

Again, Fig. 12, with centre F and any radius de- 
scribe the arc E D cutting A B b E, D; from these 
points with the same or any other distance, describe 
arcs intersecting each other as in G ; job G F meeting 
A B in C, and F C will be the perpendicular re- 
quired. 

Problem 6. To make an angle equal to another 
given angle. 

Let, A B C, Fig. IS, be the proposed angle; frpm 
the pobt B with any radius describe the arc A C 
cutting A B, B C, in the pobts A C. Draw the 
line D F ; and from the pobt D with a radius equal 
to B C describe the circular arc E F ; and then from 
F with a radius equal to C A describe another arc bter- 


secting the former in E ; job D E which wttfee ibs 
angle required. 

Problem 7. To divide a given line A B into any 
proposed number of equal parts* 

From A, one end of the line A B, Fig. 14, draw 
A 3 forming an angle with A B ; and from B the other 
extremity of the given line, draw B 4, making the 
angle A B 4 equal to B A 3 by the preceding problem. 
In each of these lines A3, B 4, beginning at A and 
B, set off as many equal parts of any length as A B 
is to be divided bto ; join the points 1, 4; 2, 5 ; and 
3, 6. and A B will be divided, as was required. 

Problem s. To find the centre of a given circle, or 
of any one already described. 

In Fig. 13, draw any chord A B which bis e c t with 
the perpendicular diameter D E ; divide D E into two 
equal pints in the pobt C; then will C be the centre 
of the circle. 

Problem 9 • To draw a tangent to a given circle 
that shall pass through a given pobt A. 

From the centre O, Fig. 16, draw die radius O A; 
then th ro ugh the pobt A draw B C perpendicular to 

0 A, and it will be the tangent required. 

Problem 10. To draw a tangent to a circle from 
a given pobt A without it. 

Find the centre C, Fig. 17, of the given circle; 
and job A C, and on it. as a diameter describe the 
circle A B C D intersecting the given circle in die 
points B, D ; job A B, A D, and they wiU be tangents 
to the required circle. 

Problem 11. .Given three points A, B, C, not 
m a straight line, to describe a circle that shaft pass 
through them. 

Join A B, B C, Fig. 18, and bisect each of them 
with die perpendiculars a b, c d, intersecting O ; from 
O with the distance O A, O B, or O C, describe a 
circle which will pass through the given points. 

Problem 1 1*. To describe the segment of atarde 
to any length A B and height C D, Fig. 19 . 

Bisect A B by the perpendicular JD O, and make 
DC equal to the given height of the segment; join AD, 
which bisect by the perpendicular E O, meeting D O 
in O ; with centre O and distance O A or O D de- 
scribe the circular arc A D B meeting A B in B, sod 
the thing required is done. 

Problem 12. On a given straight line, to describe 
a segment of a circle, that shall contain an angle equal 
to a given angle. 

Let A B be the given line, and C the given angle ; 
(Fig. 20). Draw A D, making ap angle BAD 
equal to C; erect also A E perpendicular to A D, 
and draw E F to bisect A B at right angles, and 
meeting A E in E, and from this point as a centre,' 
and with the distance E A describe the required seg- 

1 ment. 

Problem 13. In a given triangle to inscribe s 
circle. 

Bisect any two angles A and C {Fig. 21), with the 
Ibes A D and DC; from D, the point of btersec- 

tion, 
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trot, let All the perpendicular D E ; it will be the ra- 
dios of the circle required. 

Problem 14. — In and about a given circle, to inscribe 
and circumscribe a square. 

1st To inscribe a square in a given circle. 

Draw the diameter F G, and through the centre H 
dr a w the perpendicular E H I ; join EG, EF, FI, 
and I G. The inscribed figure E F G I is a square. 

3d. To circumscribe a square about a given circle. 

At the extremities E, F, G, I, of the diameters E I, 
F G, let tangents be drawn intersecting each other in 
the points A, B, C, D, which will form the required 
square. 

Problem 15. — About, and in, a given square, to 
circumscribe and inscribe a square. 

1st. Let A B C D (Fig. 33) be the proposed square, 
join the diagonals AD, C B, intersecting each other 
in the point H ; and from that point with the distance 
H A, describe the circle A B C D. This circle will 
circumscribe the square. 

fid. To inscribe a circle in the square A B C D. 

From H, the intersection of the diagonals, let fall 
the perpendicular H E ; then, with H, as a centre and 
distance HE, describe a circle which will touch the 
given square internally. 

Problem 16. — To construct a triangle, of which the 
three sides are given (Fig. 34). 

Let A, B and C denote the sides of the triaugle ; 
draw D E equal to A : and with D, as a centre and 
distance equal to B, describe an arc; then, with centre 
E, mod distance E F, equal to C, describe another arc 
intersecting the former in F, join DF, EF, and 
DEF wiM be the triangle required. 

Problem 17. — On a given Unite straight line to con- 
struct a square. 

In Fig. 35, let AB represent the proposed line. 
From the extremity B, draw B D, perpendicular to 
B A, and equal to it; and from the points A and D, 
with the distance BA or B D, describe two circles in- 
tersecting each other in the point C ; join A C and D C; 
the quadrilateral figure A B C D is the square required. 

Problem 18. — To describe any regular polygon, the 
sides of which shall be equal to a given line. 

Set the given line upon any other convenient line, 
and with a radius equal to the given line describe a semi- 
circle. Divide the semi-circle into as many equal parts 
as there are to be sides in the polygon ; then the half of 
the diameter is one side of the polygon ; through the 
centre of the semi-circle, and through the second 
division from the other end of the diameter draw 
another right line, which will form an adjoining side to 
the former ; bisect each of these adjoining sides by j>er- 
pendicnlars, and the meeting of these perpendiculars 
will give the centre of a circle, which will contain the 
given straight line. 

Pig* 36, is an example of a hexagon. 

Pig* 37, is an example of a heptagon. 

Problem 19* — To inscribe a polygon in a given circle. 

Draw the diameter of the circle, and another dia- 


meter at right angles, produce this last diameter so that 
the part produced shall be three-fourths of the radius ; 
divide the first diameter into as many equufl parts as the 
polygon is te consist of sides, through the second divi- 
sion, and the extretaity of the part produced of the 
other diameter, draw a line to cut the circumference 
without the points ; the chord of the arc intercepted be- 
tween the point in the diameter, applied successively to 
the arc, as other chords, will form the polygon re- 
quired. 

Fig. 38, is an example of a pentagon. 

Fig. 29, is an example of a decagon. 

Problem 20. — A square being given to form an octa- 
gon, of which four of the sides at right angles to each 
other, shall be common to the middle parts of the sides 
of the square. 

In Fig. 30, let A B C D represent the given square, 
and draw the diagonals AC, B D intersecting each 
other in E; then, with the points A, B, C, D, as 
centres, and distances, A E, B E, C E, or D E, describe 
the arcs G E M, NEK, LE H, and 1 E F, inter- 
secting the sides of tbe square in the points F, G, H, 
I, K, L, M, N; join GH, IK, LM and NF, 
and FGHIKLMN will be tbe polygon required. 

Problem 31. — To make a triangle equal and similar 
to a given triangle. 

Let the triangle ABC, Fig. 31, represent the given 
one, and take the line DF equal to AC; then with 
centres D and F, and distances A B, C B describe two 
arcs intersecting each other in E ; join D E, F E, and 
D E F will be a triangle equal and similar to ABC. 

Problem 33. — To make a trapezium equal and similar 
to a given trapezium. 

Divide A B C D the proposed trapezium into two 
parts by the diagonal B C ; make E G equal to B C, 
and on it construct the two triangles EFG, EHG, 
by the preceding problem ; then will EFGH be the 
required trapezium. 

Problem 33. — To make a square equal to two given 
squares. 

In Fig. 33, make the sides A B, B C of the two 
given squares D and E, form the sides of a right- 
angled ABC; draw the hypothenuse A C, and on it 
describe the square F which will be the one required. 

Problem 34.— Between two given lines A and B, 
(Fig. 34) to find a mean proportional. 

Draw tbe right line EC, in which take E F equal 
to A, and F C equal to B ; on E C describe a semi- 
circle, and draw JF D perpendicular to E C, intersect- 
ing the circumference in D ; then will F D be the mean 
proportional required. 

Problem 35. — To find a fourth proportional to three 
given straight lines. 

Let A, B and C, Fig. 35, be tbe three given 
straight lines. Draw the diverging lines H E and H D/ 
in which take H F equal to A, H C to B, and H E 
to C ; join F C, and through E draw E D parallel to 
F C, meeting HD in D; ED is a fourth propor- 
tional to the three straight lines A, B and C. 

Problem 
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Problem 26. — To cut a given straight line into seg- 
ments which shall be proportional to those of a divided 
straight line. • 

Let A K be a straight line, which it is required to 
cot into segments proportional to those of a given di- 
vided straight line. 

Draw the diverging line A H, and make AB, BD, 
D F and F H equal respectively to the segments of | 
the divided line ; join H K and draw F G, D E and 
BC, parallel to it, and meeting AK in G, E and C; 
then is A K cut iu those points proportionally to the 
segments of AH. 

Problem 27. — The transverse and conjugate axes 
A B and F G, of an ellipsis being given, to find the 
two foci, and from thence to describe the ellipsis, 
■Tie. 37. 

Take the semi-transversal AC or C B, and from F, 
as a centre, describe two arcs cutting A B in D and E, 
which are the foci required. 

In these points fix pins, and then a string being 
stretched about the points D F E, the point F is 
caused to move round the fixed points D and E, keep- 
ing the string tight, and it will describe an ellipsis as 
required. 

Problem 28. — The same being given as in the pre- 
ceding problem, to describe an ellipsis, by an instrument 
called a trammel. 

The trammel, as used by artificers, consists of two 
rules, with a groove in each, so that the grooves may 
be at right angles to each other ; to this there is a rod, 
with two moveable nuts, and another fixed at the end, 
with a hole through it to hold a pencil . On the under 
side of the sliding nuts are two round pins , made to fill 
the groove of the trammel, and is used as follows 
operation. 

Set the distance of the first pin at B, from the pen- 
cil at C to half the shortest axis, and the distance of 
the second pin at A, to half the longest axis ; the pins 


b$ipg put it) the groove*, as is shown ip the figtms; then 
move the pencil at C, and it will describe the required 
figures. 

Problem 29. — To describe a parabola, having give* 
the position of its directrix D E, and its focus F. 

Take a thread equal in length to C A, the end of t 
square D C A, and fix one end of it at F, and she otto 
end at A ; then, if the side D C of the square be 
moved along the right line D E, and if -the point B be 
always kept close to the edge C A of the square, keep- 
j ing the string tight, the point or pin B will describe 
the required parabola. 

Problem SO. — Having given the transverse diameter 
and the foci of two hyperbolas to describe an hyper- 
bola. 

Let A B denote the transverse axis, and F and C the 
foci, and let a rule be made moveable about the point 
C, and a string HGF tied to the othier end of the 
ruje and to the point F ; then, if the point H is moved 
round the centre C, the angle G of the string HGF, 
by keeping it always tight and dose to the edge of the 
rule H C, will describe, the required hyperbola. 

But, if the above order be reversed, and the end C 
of the rule be fixed in the point F, and the mi F of 
the string in the point C, and a similar operation be re- 
peated as described above, another line, opposite to the 
former, will be described, which will be another byper- 
j bola, and they both together are called opposite hyper- 
bolas. 

We would direct to inquiring student, who wishes to 
pursue farther the interesting subject of Geometry with 
its applications, to the excellent edition of Euchd, by 
Dr. Robert Simson, and to to other Elemental} 
Treatises by Emerson, Thomas Simpson, B&mycastle, 
and Leslie , and, for the Conic Sections, to to treatises 
by Hamilton, Simson, Robertson, and Newton; to 
last of which is, in the writer’s opinion, one of the best 
that has yet been presented to to scientific world. 
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